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The study was conducted in order to determine the forage yield and some quality
characteristics of silage sorghum genotypes at different water stress levels in the
Randomized Complete Block Design arranged in split plots under Konya ecolo-
gical conditions in 2020.

Three irrigation treatments (11: Full irrigation; I2: 75% of I1; Is: 50% of 11) and
14 silage sorghum genotypes supplied from other countries were used in this
study, irrigation subjects formed the main parcels and the genotypes sub-plots.
In the study, the lowest and highest values were; 4756 kg da* (13)-6757 kg da
(11) for green herbage yield; 1149 kg da* (13)-2002 kg da* (I1) for dry matter
yield, 8,1 % (11)-9,6% (I2) for crude protein, 33.3% (l2)- 34.5% (l1) for ADF
ratio, 55% (Is)- 58.4% (1) for NDF ratio and and cellulose ratio was determined
as 25.6% (1s)-28.2% (l1) respectively. The genotypes used in the study, in which
the efficiency of irrigation water use efficiency increased as water stress increa-
sed, the lowest and highest dry matter yields were obtained from genotypes G-
11 (4214 kg da) and G-4 (6961 kg dat), respectively, while a total of 8 genoty-

pes had higher green herbage yield values than the study average

1. Introduction

Nowadays, climate change, which threatens agricul-
tural production and access to safe food, especially dro-
ught in many parts of the world, emerges as one of the
most important problems of human beings. As a result
of global climate change, temperature increases and dec-
reasing precipitation in many parts of the world signifi-
cantly increase the severity of the drought event.

The areas most affected by drought are agricultural
areas. It is one of the main problems of agricultural pro-
duction even in countries that are advanced in agricul-
ture. In the world, 21-22 million km?, which corresponds
to approximately 16% of the terrestrial area, is conside-
red to be arid and semi-arid regions.

Solving the drought problem caused by water scar-
city and lack of precipitation and making agriculture
more sustainable requires the application of more dro-
ught-tolerant agricultural products and technologies
(Kapluhan, 2013). The water required for the production
of food and other agricultural products corresponds to
3.100 billion m?, which corresponds to approximately
70% of the water withdrawn from rivers and gro-
undwater.

* Corresponding author email: rarici@yahoo.com

It is stated that if water resources cannot be increased
and used efficiently, this amount will increase to 4.500
billion m? by 2030 (Anonymous, 2011). Unless there is
an increase in the amount of land and water, it is expec-
ted that the water consumption used in agriculture will
increase by 70-90% until 2050.

Negative effects of climate change around the world,
it is also likely to be seen in the Mediterranean basin,
where our country is located, negative effects are expec-
ted especially on water resources and precipitation re-
gime.

The annual precipitation average of our country is
574 mm, this value shows significant differences accor-
ding to regions, It is much lower especially in Central
Anatolia (320 mm) and S. Eastern Anatolia regions (532
mm), where field agriculture is intense and which con-
tains a significant part of the country's agricultural lands
(Anonim, 2020).

The Konya basin, which is foreseen as one of the re-
gions that will be adversely affected in climate change
scenarios, is a region that is not very rich in terms of
water resources and where groundwater is used signifi-
cantly in agriculture. Although the amount of water
withdrawn in the region per year is approximately 2.6

**This study has been produced from a part of the first author's doc-
torate thesis prepared under the supervision of the first author.
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billion m3, the amount of safe water is foreseen as 1.8
billion m2. This situation, together with the decrease in
precipitation, causes a water deficit every year (Anony-
mous, 2009).

According to TUIK (2017) data, Turkey has 16.6
million cattle and 44.3 million sheep and goat. App-
roximately 60 million tons of quality roughage is needed
annually for this animal availability. However, our qua-
lity roughage production remains at the level of 40 mil-
lion tons.

Konya closed basin is an area where plant and ani-
mal production is intensively carried out and has an im-
portant place in the formation of agricultural policies of
our country. Animal husbandry has increased signifi-
cantly in the region with support policies carried out in
the last 20 years.

The region ranks first in the country in terms of the
presence of cattle and small animals (the number of
small animals is 13% of the country, and the number of
cattle is 5%), the need for roughage has also increased
significantly. Although there is a significant range of
pastures in the region, most of these pastures have lost
their qualifications and due to its very low herbage yield
roughage shortages occur and roughage transfer occurs
to the region at high cost from other regions within the
country. However, a significant part of the roughage
produced in the region is produced in irrigated areas, this
puts pressure on water resources.

The animal potential of the region, using water ef-
fectively for a sustainable agricultural production that
will be planned considering the soil and climate struc-
ture and water resources, resistant to water stress and in
this case, it can produce more and quality biomass com-
pared to similar purpose plants and it is important to rep-
roduce and adapt new plants in the region, which reduce
pressure on water resources. In this context, sorghum is
an important plant, and has an important place for arid
semi-arid regions, ts adaptability is quite good in areas
with high temperature, limited rainfall and low soil fer-
tility. At the same time, sorghum stands out as a plant
that can respond positively to additional irrigation in
arid areas with low and irregular rainfall (Wani ve ark.,
2012)

Sorghum is a C4 plant that has high and quality her-
bage yield and has the opportunity to grow in different
ecologies. It is mostly grown for fodder, food and in-
dustrial use. Sorghum produces twice as many roots as

Table 1

corn (House, 1985) It produces more biomass by using
water and plant nutrients (N,P,K) more effectively (Ho-
use, 1985; Sanderson ve ark., 1992; Howell ve ark.,
2008) than corn and other plants (Kimbrough, 1990;
Bean ve ark., 2002).

Silage sorghum is a plant that can be used as an al-
ternative to corn in animal feeding, At the same time, it
can be stable in dry periods, more resistant to high tem-
peratures and droughts, able to grow back rapidly after
harvest, it stands out as a plant that can be used as an
alternative to corn because it is more resistant to pests
and diseases.

With this study, Konya closed basin with an impor-
tant agricultural area in our country and similar regions
can produce biomass in high quantity and quality by
using water resources more effectively, able to drought
tolerant, it was aimed to determine the green and dry
matter yield, some quality parameters and irrigation
water use efficiency of sorghum silage genotypes obtai-
ned from abroad in sorghum plant at different water
stress levels.

2. Materials and Methods

The study was carried out in the experimental field
of Konya Bahri Dagdas International Agricultural Rese-
arch Institute in 2020 growing season (370 86' 03.41" N
ve 320 55' 63.64" E). The place where the research is
conducted has characteristics of a continental climate,
summers are hot and dry, winters are cold and barely
snowy. The average precipitation of the region for many
years is 320 mm and the precipitation regime is irregu-
lar. A large amount of precipitation falls during the win-
ter months. While the total precipitation in the study pe-
riod was 321.4 mm, the precipitation between May and
August, which is the growing period of sorghum, was
74.3 mm. While the total precipitation of the region for
many years was around 329.2 mm, the precipitation
amount between May and August was 82.4 mm (Table
1).

The area where the study was carried out has a cla-
yey-loam structure, its organic matter is 2.3%, pH 7.4,
and the amount of lime is determined as 23.5%.

The experimenatl area don’t have any salt problem
and some physical and chemical analysis results of the
study area given in Table 2.

Precipitations and tempereature throughout the growing season of the experimental are

Months (May.- August.)

Years Climatic data May June
Mean Temp. (°C) 15.9 20.1
1929-2020 Precipitation (mm) 43.4 25.7
Mean Temp. (°C) 16.2 20.3

2020 Y
020 Years Precipitation (mm) 234 35.8

July August Annual total precipitation (mm)
235 23.3

7.0 6.3 329.2

255 233

0.5 12.8 204.2
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Table 2
Some soil properties of the experimental area
T o . - . & E b ~ - & = o
¢ |8 g & 5 g &8, 8 . E & =g 55 %
£ |2 2 &z : sz EE B2 B S p g7 7 2
n = o5 = = = S
g | ” °© % &° 5 S5 Z 2 2 g 2
0-30 7.4 30.8 61.8 CL 26.9 17.2 1.26 7.6 0.80 34.4 2.4 145 113
30-60 86 294 620 CL 27.8 18.9 1.39 8.2 0.48 30.7 2.1 11.9 65
60-90 6.1 27.8 66.1 CL 26.4 17.1 1.32 8.3 0.41 29.9 1.9 13.2 54

A total of 14 genotypes were used in the study, inc-
luding 12 silage sorghum genotypes obtained from the

Table 3
Genotypes used in the study

USDA (U.S. Department of Agriculture) and 2 standart
genotypies (Table 3).

Variety no Pedigri Orjin
G-1 Pl 155519 South Africa
G-2 Pl 181081 Sudan
G-3 P1 501106 Turkey
G-4 Pl 552851 Taiwan
G-5 P1 560351 Mexico
G-6 P1 560355 India
G-7 P1 591005 Mexico
G-8 P1599917 Ethiopia
G-9 P1 601925 Ethiopia
G-10 Pl 602844 Ethiopia
G-11 P1 602851 Ethiopia
G-12 Pl 602852 Ethiopia
G-13 Rox BATEM
G-14 Sumac BATEM

After the first soil preparation was done with a plow, dn =(FC -CM) x D @

duplication was done before planting and the field was
made ready for planting. Considering the results of the
analysis together with the soil preparation, 10 kg of
phosphorus and 4 kg of nitrogen were given per decare.
The remaining part of the nitrogen fertilizer was given
in parts by drip irrigation system and completed to 15 kg
da’. The sowing was carried out in six rows with a se-
eder on May 06 2020, with 45 cm row spacing and 5 cm
row sowing norm. The plot area is designed as 5 m long
X 2.7 m wide, a total of 13.5 m?. Harvesting was done by
removing the edge effects from the sides and the ends of
the rows, and mowing the middle rows with a motor
scythe during the dough formation period. Weed control
was done mechanically and chemically.

In the study, a pressure regulated drip irrigation sys-
tem was used, and irrigation was applied with pipes with
a flow rate of 2 I/h and a dripper pitch of 30 cm, one
lateral to each row. In the study, the amount of irrigation
water to be applied to the gravimetric method was cal-
culated by taking soil moisture at a depth of 0-90 cm,
which is the effective root depth of sorghum.

Three irrigation applications were studied in the
study, for full irrigation (11), after determining the vo-
lume weight of the trial area, field capacity, wilting po-
int, When 50% of the useful water at 0-90 cm effective
root depth is consumed, the reduced water according to
Equation-1 is completed to the field capacity (Kara,
2011).

100
Equation-1;
dn = The net amount of irrigation water to be applied in
each irrigation (mm),

FC = Field Capacity (% Volume),
CM = Current moisture (% Volume),
D = Effective root depth (mm)

In 75% irrigation (l2), 75% of the irrigation water to
be applied to the 11 subject, and 50% of the irrigation
water to be applied to the I subject in the 50% irrigation
(Is) irrigation water was given. In this study, 50 mm of
irrigation water was applied to all plots in order to bring
a uniform plant emercing and soil moisture to field ca-
pacity after planting. In the study in which the green her-
bage yield, dry matter yield, protein ratio, acid detergent
fiber (ADF) ratio, neutral detergent fiber (NDF) ratio,
cellulose ratio and irrigation water utilization efficiency
(IWUE) properties were researched, the observations of
yield and yield components were determined by Miila-
yim et al. (2009) ADF and NDF, crude cellulose measu-
rements according to Van Soest et al. (1991) and protein
analysis was determined according to Soylu et al.
(2010). Irrigation water use efficiency was determined
by Howell et al. (1990) using by the Equation-2.

IWUE =Y/l (2
Equation-2;
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IWUE: Irrigation water use efficiency (kg da* mm™),
Y: Dry matter yield (kg da?),
I: Amount of irrigation water (mm).

The results obtained from the study, which was car-
ried out in three replications according to the split-plots
trial design in random blocks, variance analysis was per-
formed with the JMP 11.1 statistical package, and the
groupings between the subjects were made according to
the LSD test.

3. Results and Discussion

3.1. Green and Dry Herbage Yield (kg da)

In the study, there was a decrease in green and dry
herbage yield with the decreasing amount of irrigation
water. While the highest green and dry herbage yield
(6757 kg da*— 4756 kg da*) was obtained in full irriga-
tion (I1), the lowest value was obtained from I3 (2002 kg
dal- 1449 kg dal), (Table 4).

Considering the average of varieties, the highest
green herbage yield is from genotype G-4 (6961 kg da-
1), the lowest yield was obtained from genotype G-18
(4214 kg da) and seven genotypes (1, 3, 4, 5, 6, 9 and
10) were given higher values than the trial average.

While the highest and lowest values in terms of dry mat-
ter yield were obtained from genotypes G-10 (2108 kg
dal) and G-11 (1156 kg dal) respectively, six genotypes
(3, 4,5, 6,9 and 10) had higher values than the trial ave-
rage. When the water stress x genotype interaction is
examined in terms of green herbage yield, the highest
and lowest values for I, are from genotypes G-4 (8833
kg dal) and G-12 (4509 kg dat), As for I, it is obtained
from genotypes G-10 (7434 kg da*) and genotype G-11
(4061 kg da'l), In I3 subject where water stress is the hig-
hest, the highest value was obtained from genotype G-4
(5868 kg dat), and the lowest value was obtained from
genotype G-2 (3751 kg da%).

In terms of hay yield, the highest and lowest values
are from genotypes G-4 (2525 kg da) and G-12 (1267
kg da') subject 11, regarding to Iz, genotype G-10 (2344
kg da) and genotype G-12 (1152 kg dat), and as for I3,
were obtained from genotype G-4 (1961 kg da™?) and ge-
notype G-2 (998 kg da!) (Table 4). Dahmardeh et al.,
(2015) reported that water stress decreased the green and
dry herbage yield and increased the water use efficiency
in their study where they irrigated the silage sorghum
plant at the rate of 80%, 60% and 40% of their water
consumption in semi-arid climate conditions.

Table 4
The values of green and dry matter yield obtained from sorghum genotypes at different water stresses from the study
(kg da?)
Green herbage yield (kg da™) Dry matter yield (kg da?)
Genotype [ I, I3 Mean Iy I, I3 Mean
G-1 7465 bc 5561 g-j 4599 |-p 5875 DE 2211 b-d 1551 I-0 1250 p-r 1671 CD
G-2 5802 f-1 4719 k-0 3751q 4757 G 1769 g-I 1388 n-q 998 r 1385 F
G-3 6341 ef 6094 e-h 5416 h-k 5950 CD 1902 e-1 1766 g-1 1595 j-n 1754 C
G-4 8833 a 6183 e-g 5868 e-h 6961 A 2525 a 1833 f-k 1961 c-g 2106 A
G-5 7804 bc 6041 e-h 4769 k-n 6205 CD 2233 bc 1683 1-m 1392 n-q 1769 C
G-6 7967 b 5758 f-1 4952 j-m 6226 CD 2521 ab 1698 h-m 1577 k-n 1932 B
G-7 6202 e-g 5595 g-j 4463 |-p 5420 F 1924 e-1 1677 1-m 1330 n-q 1644 C-E
G-8 6563 de 5611 g-j 4264 m-q 5480 EF 2030 c-g 1685 1-m 1370 n-q 1695 CD
G-9 7141 cd 6095 e-h 5828 f-h 6354 BC 2220 b-d 2054 c-f 1929 e-1 2068 AB
G-10 7700 bc 7437 bc 4924 j-m 6687 AB 2057 c-f 2344 ab 1925 e-1 2108 A
G-11 4643 I-p 4061 n-q 3938 pg 4214 H 1278 p-r 1170 g-r 1020 r 1156 G
G-12 4509 I-p 4411 |-q 4056 0-q 4325 H 1267 p-r 1152 q-r 1182 q-r 1200 G
G-13 5861 e-h 5096 1-| 4310 m-q 5089 FG 1852 e-1 1600 j-n 1296 o-q 1583 DE
G-14 7767 bc 7344 bc 5094 1-1 6735 AB 2236 bc 2118 b-e 1464 m-p 1939 B
Mean 6757 A 5715B 4756 C 5734 2002 A 1694 B 1449 C 1715
CV (0.01) 7.6 CV(0.01) 96
LSD Genotype 411 LSD G*I 711 LSD Genotypel57 LSD G*I 272

LSD Irrigation 141

LSD frrigation 115

In previous studies, Aydinsakir et al. (2018) reported
the fresh grass yield of 4442 - 9926 kg da™?, dry herbage
yield in the range of 744 - 2107 kg da in 5 different
irrigation subjects (100% - 75% - 50% - 25% - 0%) in
sorghum, Keten and Degirmenci (2020) reported green
herbage yield as 3200-6000 kg da*, Ozmen (2017) re-
ported green herbage yield as 4003-11812 kg da’, dry
herbage yield between 534-2560 kg da™.

The green and hay yields obtained from this study
are compatible with previous studies, and the differen-
ces are thought to be due to the environment and ge-
notype.

When the protein ratio of the genotypes was exami-
ned in the study, it was found that the protein ratio was
lower in full irrigation, the highest and lowest protein
ratio values were obtained from genotypes G-9 and G-7
in 11 irrigation, from genotypes G-12 and G-7 in I, and
from genotypes G-2 and G-1 in ls. In terms of variety
averages, the highest value was 11.5% (genotype G-2)
and the lowest value was 6.8% (genotype G-7) (Table
5).

ADF ratios also had lower values with decreasing ir-
rigation water. When the genotype averages are exami-
ned, it is seen that the highest value was obtained from
genotype G-11 (40.1%) and the lowest value was obtai-
ned from genotype G-9 (30.4%). The highest and lowest
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ADF values are among the genotypes G-11 (43.9%) and
G-9 (26.7%) in full irrigation, G-2 (36.2%) and G-9
(30.9%) genotypes (I2) in 75% irrigation, and for I3, G-
11 (39.8%) and G-8 (29.1%) genotypes were obtained
(Table 5).

While 11 and I, subjects had similar values in terms
of NDF ratios, 13 had the lowest value. In terms of vari-
eties, it is seen that the highest NDF value was obtained
from genotype G-11 (%) 68.2, and the lowest value was
obtained from genotype G-7 (51.5%). The highest and
lowest NDF values are from genotypes G-11 (70%) and
G-9 (49.0%) for 11, G-11 (67.9%) and G-7 (51.2%) for
I, and for I3, It was obtained from genotypes (66.5%)
and 8 (50.4%) (Table 6).

Table 5

It was observed that cellulose ratios decreased with
decreasing water, similar to ADF values in terms of cel-
lulose ratios, when the average of the genotypes is
examined, it is seen that the highest cellulose ratio value
is obtained from genotype G-11 (34.0%) and the lowest
value is obtained from genotype G-9 (22.9%). When
examined in terms of water x genotype interaction, the
highest and lowest cellulose values are from genotypes
G-11 (36%) and G-9 (20.7%) in Iy, from genotypes G-
11 (33.1%) and G-10 (22.8%) in I, As for I3, it is seen
that it was obtained from genotypes G-11 (32.9%) and
G-8 (22.5%) (Table 6).

The values of protein and ADF ratios obtained from sorghum genotypes at different water stresses from the study (%)

Protein ratio (%) ADF (%)

Genotype [ I, I3 Mean [ I, I3 Mean
1 8.4 m-0 9.5 jk 5.0 x 77F 37.6cd 33.0k-q 35.1g-j 35.2C
2 10.1 h1 12.0 bc 12.4ab 115A 37.8cd 36.6d-g 35.104 36.5B
5 9.7 1-k 10 h-j 8.8Im 95C 34.7 h-k 33.61-p 32.10-r 334D
4 8.5mn 8.81m 9.3kl 89D 38.7bc 34.3h-l 3261-r 35.2C
5 7.4r-t 79o0-r 750-s 76F 37.2ce 34.0 h-n 335j-p 349C
6 6.9tu 6.9 t-v 7.7 p-r 72G 35.6 e-h 35.2 e 34.3h-l 35.0C
7 6.0w 6.3 vw 8.1n-p 6.8H 32.9k-q 30.1st 31.50-s 315EF
8 6.9 s-u 10.3 g1 8.1n-p 84E 32.1n-r 31.6g-r 29.1t 309 FG
9 10.9 ef 10.8 e-g 9.2kl 10.3B 26.7u 30.9r-t 335jp 304G
10 6.0w 11.8cd 8.91Im 89D 31.0r-t 31.3g-s 32.7I-r 31.6 EF
11 7.0s-u 7.7 p-r 6.7 uv 7.1GH 43.4a 37.1cf 39.8b 40.1 A
12 7.7 p-r 7.9 0-r 8.91Im 8.2E 34.1h-m 35.6 e-h 35.5e-1 35.0C
13 750-s 11.3de 10 h+j 9.6C 32.3m-r 32.3m-r 32.2n-r 32.3E
14 10.5 f-h 126a 10.7 fg 11.3A 33.8 h-o 30.9r-t 31.9p-s 322E

Mean 8.1C 9.6 A 8.7B 8.8 34.9 333 335 339
CV (0.01) 4.0 CV (0.01) 34

LSD Genotype0.33
LSD Irrigation0.24

LSD G*I 0.56

LSD Genotypel.08 LSD G*I 1.87

LSD Irrigationns

Table 6

The values of NDF and cellulose ratios obtained from sorghum genotypes at different water stresses from the study (%)

NDF (%) Cellulose ratio (%)
Genotype Iy I, I3 Mean I I, I3 Mean
G-1 64.2d 60.0 g-1 52.8 s-v 59.0C 29.9d 26.31-n 27.8 h+j 280C
G-2 63.8 de 64.8 cd 59.1 h-j 62.6 B 30.1d 28.2 g-1 26.11-0 28.1C
G-5 58.6 h-k 58.31-k 54.4 p-s 57.1D 26.51n 25.50-q 24.4rs 254D
G-6 62.3 ef 55.9 m-p 53.80-s 57.4D 313c 27.71j 25.9m-o0 28.3C
G-7 58.7 h-k 57.9 j-k 53.3r-t 56.6 DE 29.4d-f 28.6 f-h 25.7n-p 279C
G-8 55.8 m-p 61.0 fg 55.6 n-p 575D 29.7 de 29.0e-g 279 h+j 289B
G-9 51.5 u-w 51.2 vw 51.9 t-w 5151 26.0 I-0 24.3r-t 23.2 u-w 245F
G-10 51.8 t-w 54.7 o-r 50.4 wx 5231 24.79-s 24.0s-u 225w 237G
G-15 49.0 x 56.31-0 54.8 o-r 53.4H 20,7 x 23.9s-u 24.2r-t 229H
G-17 53.2r-u 57.7 j-I 53.7g-s 549G 26,7 k-m 22.8 vw 24.0s-u 245F
G-18 70.0a 67.9b 66.5 bc 68.2 A 36.0a 33.1b 329b 340A
G-19 61.2 fg 60.3gh 55.7 n-p 59.0C 29.8 de 30.0d 24.9 p-r 282C
G-21 57.5j-m 56.3 I-0 52.6 s-v 55.5 FG 27.3 jk 239s-u 23.2 u-w 248 EF
G-22 57.1k-n 55.4 n-q 55.7 n-p 56.1 EF 26.8 ki 23.5t-v 25.0 p-r 25.1 DE
Mean 58.2 A 584 A 55.0 B 57,2 282A 26.5B 256 C 26.8
CV (0.01) 1.9 CV (0.01) 1.95
LSD Genotype(G) 1.0 LSD G*I 176 LSD Genotype(G)  0.49 LSD G*I 0.85
LSD Irrigation (1) 1.17 LSD Irrigation(l) 0.27

Since the digestion level of ADF and NDF is very
slow in animal nutrition, a low ratio in the ration (Van
Soest, 1994) is desirable features, and an increase in in-
soluble fibers in plants experiencing water stress, It is
one of the physiological responses of plants to prevent
moisture loss (Jahansouz et al., 2014), With the increase
in the amount of irrigation, the amount of ADF, NDF
and crude fiber and ash increased, similar results Uzun

et al. (2017), Cotton et al. (2013) reported by. This situ-
ation is thought to be due to the decrease in the leaf/stem
ratio with the increase in plant height under irrigated
conditions (Pedersen et al., 2005). Contrary to these as-
pects, Kiziloglu et al. (2009) found that ADF and NDF
values increased with water stress, Islam et al. (2012)
reported that the amount of irrigation water did not af-
fect the ADF values.
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From previous studies, Jahansouz et al. (2014) NDF
ratios in 50-75-100% irrigation in sorghum, respecti-
vely; reported as 59.4% - 55.8% - 55.6%, on the other
hand, Keten and Degirmenci (2020) determined the
ADF rate as 25.7%-26.1%; NDF rate of 50.8%-52%; re-
ported in the range.

In another study, Cotton et al. (2013) found the ratio
of ADF to be 36.5% - 31.5% and NDF ratio to be 59.2 -
54.4% in sorghum in irrigated and water stress conditi-
ons, respectively. As a result of the study, it was seen
that decreasing irrigation decreased the rates of ADF,
NDF and cellulose. There are different opinions about
the effects of water stress on protein ratio. Similar to the
results of this study, Keten (2020), and Khaton et al.
(2016) reported that the protein value increased with inc-
reasing water (Jahansouz et al., 2014), Uzun et al. (2017)
and Liu et al. (2013) reported higher protein content in
water stress. Islam et al, (2012) reported that water stress
had no effect on protein in maize plant. In previous stu-
dies on sorghum, Liu et al. (2013) 10.14% to 14.86; Sag-
hafi et al. (2013) 8.11% to 10.48; Chakravarthi et al.
(2017) 5.29% to 21.24; Canyigit and Okant (2018) 9.1%

Full Irrigation-IWUE

Figure 1

to 13.1; Kir and Sahan (2019) reported that it was
between 7.3% and 10.4%.

In this study, it is thought that the differences in the
protein, NDF and ADF ratio values obtained under dif-
ferent water treatment conditions and the differences in
their results are due to the characteristics of the environ-
ment and especially the genotypes.

Irrigation water use efficiency (IWUE), which is an
important parameter for the regions where the negative
effects of climate change are increasing and for the regi-
ons where water is limited, is a feature that determines
the dry matter ratio obtained with unit water and should
be considered in product planning in regions with water
scarcity.

In the study, the IWUE value increased in water
stress issues, and when the IWUE values obtained at dif-
ferent irrigation levels from the genotypes were exami-
ned, In I1 irrigation, G-4 and G-6 have high IWUE va-
lues, in I> genotypes G-9, G-10 and G-14 came to the
fore, and in I3 where the most severe stress is applied,
genotypes G-4, G-9, G-10 and G-11 have high IWUE
values and observed that they used water more effecti-
vely under stress conditions (Figure 1).

The values of NDF and cellulose ratios (kg da* mm) obtained from sorghum genotypes at different water

stresses from the study.

In previous studies, Keten and Degirmenci (2020)
reported the range of 7.8-6.3 kg da'mm™, Goniilal
(2020), on the other hand, found the irrigation water
usage efficiency (IWUE) in the range of 4.9 - 7.1 kg da’
Ymm in his study (100% - 50%) in which he applied
two different water issues.
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In this study, greasy fleece yield and some wool characteristics and the effects
of gender, age and live weight on these characteristics were investigated in 60
heads of Anatolian Merino sheep reared in Babayakup neighborhood of Polath
District of Ankara. Least squares means of live weight before shearing, greasy
fleece yield, fiber diameter, fiber length, breaking strength, fiber elasticity and
clean fleece percentage were found to be 68+0.89 kg, 2.97+0.19 kg, 24.42+0.49
um, 7.92+0.36 cm, 19.15+1.25 Cn/tex, 25.38+1.83 %, 48.16+2.17 %, respec-
tively. The effects of gender (p<0.001) and age (p<0.05) on live weight before
shearing, the effects of body weight group (p<0.05) on fiber diameter and the
effects of gender (p<0.05) on fiber length were found to be significant. Accord-
ing to the findings, it was concluded that the fiber diameter value of the research
material sheep is 60 sortiman, therefore it will be evaluated in the class of fine

wool sheep and it is suitable for worsted fabric production.

1. Introduction

Merinoization studies were started for the first time
in Turkey in 1841, and domestic Kivircik sheep and Ger-
man Fleece-Meat Merino were crossbred in 1934 and
merino conversion studies were carried out (Halic,
2009). Later, in the 1950s, as a result of crossbreeding
of German fleece-meat merino (GFMM) and Akkara-
man in Malya and Ulag State breeding farms, a thin-
long-tailed Anatolian Merino sheep with 75-80% Me-
rino genotype was developed (Ertugrul, 2012).

When the wool characteristics of Anatolian Merino
sheep, which is a Merino crossbred, are examined, it is
evaluated in the fabric industry by producing yarn from
wool yarn or from wool-synthetic mixture due to the thin
and moderately uniform nature of its fleeces.

Although the share of fleece in the product obtained
from sheep has decreased today, wool yield and quality
should be emphasized due to organic agriculture, pro-
tection and development of rural economy and signifi-
cant changes in industrial production and consumer ten-
dency in recent years. The healthier structure of natural
fibers, and because animal fibers are 100 % biodegrada-
ble in nature, they are renewable. They have some prop-
erties that are not found in other animal and vegetable
fibers such as coloration, curl, flexibility, felting, insu-
lating, heat resistance, antimicrobial, dirt repellency,
high comfort, and they are rare fiber that can meet many

* Corresponding author email: seril987seri@hotmail.com

desired properties in technical applications (Dellal et al.,
2010; Tiifekgi and Olfaz, 2014; Dellal et al., 2020).

In this study, some of the fleece yield and quality
criteria of Anatolian Merino sheep were evaluated, up-
to-date data on fleece were obtained, and it is aimed to
contribute to the literature in a way that can guide breed-
ing studies in this way, and to offer suggestions on im-
proving the quality of wool by reviewing its suitability
for fabric yarn production.

2. Materials and Methods

The animal material of the research consisted of 60
heads of Anatolian Merino sheep and their fleeces,
which were raised in the Babayakup District of Ankara
province, Polath county.

Anatolian Merino is a sheep with 75-80% GFMM
genotype, which was developed as a result of cross-
breeding the GFMM and the domestic sheep breed Ak-
karaman. Fleece-Meat is yield-oriented and generally
spreads in the western parts of the Central Anatolia Re-
gion. They are generally white in color, have a large
body, full thighs and meaty legs. The tail is lean and thin,
and the fleece is of 60-64 sortiman quality.

Sheep were kept in barns under the conditions of
peasant sheep management on days when the weather
was not suitable in winter, and approximately one kg of
concentrated feed and one kg of roughage were given
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per animal. They were grazed on the pasture under fa-
vorable weather conditions. Supplementary feeding was
ensured at the return of pasture in the early spring and
autumn periods. The sheep were kept in the pasture for
about eight months and in the barn for four months, and
stubble grazing was also done in the summer.

Shearing was done with a shearing machine at the
end of May. During the shearing and the night before
shearing, the animals were not fed and their live weights
were determined by weighing with 100 g precision be-
fore shearing, and their ages were determined by looking
at their teeth at the same time (as there were no records).
Ethical approval was given by the Faculty of Veterinary
Medicine ethical committee in Selcuk University
(N0:2021/133). The determined weight, age and gender
were recorded at the same time and placed in a small
nylon bag together with the fleece samples and kept un-
der protection. As Ertugrul (1996) reported, approxi-
mately 30 g of fleece samples were taken from the flank
(rib) region of each animal. After shearing, the amount
of fleece obtained by shearing from each animal was de-
termined by weighing it with 10 g precision scale.

Analysis of physical properties such as Diameter (fi-
ber/fiber diameter, um), Strength (cN/tex), Elasticity
(%), Clean fleece percentage (%) in fleece samples was
performed at International Center for Livestock Re-
search and Training General Directorate-the Department
of Breeding and Genetics - Wool and Mohair Labora-
tory (Ankara) according to ASTM and IWTO standards.
Fiber lenght was determined by taking the average
lenght of 50 hairs randomly taken from each fleece sam-
ple. Each fiber (hair) was stretched from both ends and
measured in mm, the average lengths were converted to
cm.

Assuming that there is no significant interaction be-
tween the factors whose effects on wool yield character-
istics were examined in statistical analysis, a computer
package program developed by Harvey (1987) was used
in the analysis of environmental factors. "Least Squares
Variance Analysis " was used for fleece yield and prop-
erties, and the following mathematical model was used.

Yiju = utaithjtcreiju

Yija : 1. age, j. the live weight group k. gender I. sheep's
fleece yield and characteristics (greasy fleece vyield,
yield, diameter, length, elasticity and strength)

u 2 overall mean,

aj. ;. effect of sheep age, (i=<2, 3, 4, >3),

bj. j. effect of live weight [1.(35.00-55.50 kg), 2.(55.51-
64.00 kg) and 3.(64.01-103.00 kg ) group)],

Ck: k. the effect of gender, k= 1, 2 (Erkek, Disi),
eijki : random error.

The significance test of the differences between the

groups was done with Duncan test (Diizglines et al.,
1993).

3. Results and Discussion

In Babayakup District, the average live weight of 60
Anatolian Merino sheep in the hands of the breeder be-
fore shearing was found to be 68.54+0.895 kg. While the
live weights of the sheep vary between 35 and 103 kg,
the average live weight is 79.49+1.843 for males and
57.60+0.649 kg for females. The effects of gender
(p<0.001) and age (p<0.05) on live weight before shear-
ing were found to be significant. Four-year-old sheep
had the highest body weight (71.53%13 kg), while the
average body weight of one-aged sheep (65.30+1.91 kg)
was the lowest. The means of the least squares of the
greasy fleece yield, the thinness (fiber diameter), length
(fiber length), strength, elasticity and clean fleece per-
centage properties of the fleece are given in Table 1.

As can be seen from Table 1, the mean of the least
squares of the greasy fleece yield calculated in the herd
is 2.972+0.199 kg. The 2.97 kg greasy fleece yield value
obtained is similar to the value reported as 2.912 kg by
Ozsoy (1974) for the Merino sheep, and similar to the
values reported as 2.84 and 2.87 kg by Dellal et al.
(2000a) and Arik et al. (2002) for the Anatolian Merino.
The greasy fleece weight is considerably higher than
2.398 kg reported by Tellioglu (1975) for Merino, 2.7
and 2.4 kg reported by Koyuncu et al. (1996) for
Krvircik and Tiirkgeldi sheep; higher than 1.91 and 2.42
kg reported by Tekin et al. (1999) for German Black-
Headed and Hampshire Down sheep; and higher than
1.58 kg reported by Pesmen and Yardimci (2012) for the
Menemen sheep, respectively. On the other hand, 3.7
and 3.5 kg reported by Yalcin et al. (1972) for Konya
Merino yearling lamb and dams, 3.20 and 5.01 kg for
German Meat Merino ewe and rams and 3.35 kg for Ka-
racabey Merino reported by Akgapinar (1983), 3.35 kg
reported by Ogan (1994) for Karacabey Merino, 3.2 kg
reported by Koyuncu et al. (1996) for Merino sheep,
3.29 kg reported by Tekin et al. (1999) for Turkish Me-
rino, 3.35 kg ve 3.79 kg reported by Unal and Akcapinar
(2001) for Central Anatolian Merino sheep and yearling
lamb, 5.65 kg reported by Uzun (2008) for Karacabey
Merino, 3.57 and 3.15 kg reported by Tuncer and Cengiz
(2018) for Anatolian Merino and lle de France x Anato-
lian Merino crossbred (F1) sheep are less than fleece
yield value of all meat breeds x merino hybrid (F1)
sheep studied by Sahan et al. (1995). Differences in
greasy fleece yield value result from genetic and envi-
ronmental factors.

The effect of gender, age and live weight group on
greasy fleece yield was insignificant. In terms of greasy
fleece yield, Ozsoy (1974) reported the effect of age in
Atatiirk University Merino flock, Unal and Akgapinar
(2001) reported the effect of age in Central Anatolian
Merino ewes sheep in yearling lambs, and Bagkesen and
Kogak (2018) reported the effect of age on Ramli¢ and
Daglig sheep, significantly on the other hand, the effect
of'age was found to be insignificant by Yilmaz and Altin
(2004) in Krvircik sheep and Dellal et al. (2000b) in var-
ious crossbreds. Sahan et al. (1995) found the effect of
gender on meat breeds and Merino crossbred sheep (F1)
significant; and Tekin et al. (1999) found the effect of
age, gender and live weight on greasy fleece yield to be
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significant in German Black-Headed meat sheep. The
insignificant effect of age, gender and weight group in
this study can be explained by the low variation due to
the low number of sheep.

The diameter of the fibers and the uniformity are in
the first place in determining the quality class of the
fleece. The quality of the products made from quality
yarn and quality fabric obtained from these yarns is di-
rectly related to the fineness of the fleece hair. In the
study, the fineness value of fleece hair was determined
as 24.423+0.495 um. When this diameter is evaluated
on the basis of the British Bradford system, the corre-
sponding sortiman value is 60. In other words, the fleece
of the sheep in the study is classified as thin fleece. The
values of 24.1 pm reported by Koyuncu et al. (1996) for
Tiirkgeldi sheep and 24.97 um by Uzun (2008) for Ka-
racabey Merino sheep are quite close to the values cal-
culated in this study. On the other hand, this study fine-
ness value is less than 25.77 um reported by Tellioglu
(1975) for Merino sheep, 28.73 um reported by Dellal et
al. (2000a) for Anatolian Merino, 28.34 and 30.91 um
reported by Uzun (2008) and Pesmen and Yardimci
(2018) for Menemen sheep, and again lower than 25.16
and 25.47 reported by Tuncer and Cengiz (2018) for An-
atolian Merino and Ile de France x Anatolian Merino
sheep. However, average diameter value of 24.423 um
calculated in this study is higher than fiber fineness av-
erages of 22.3 and 22.4 um reported by Yalcin et al.
(1972) for Konya Merino female yearling lambs and
dams, 23.19 um reported by Ozsoy (1974) for Merino
sheep, 20.27 um reported by Ogan (1994) for Karacabey
Merino sheep, 20.4 pm reported by Koyuncu et al.
(1996) for merino sheep, 21.32 pm reported by Tekin et
al. (1999) for Turkish Merino, 22.19 and 22.37 pm re-
ported by Unal and Akcapinar (2001) for Central Ana-
tolian merino sheep and yearling lambs, and again
higher than 23.46 and 23.97 um reported by Arik et al.
(2003) for Anatolian Merino and lle de France x Anato-
lian Merino crossbred sheep.

In this study, the effect of the live weight group,
which was one of the factors whose effect on fleece di-
ameter was examined, was found to be significant at
p<0.05, while the effect of gender and age was insignif-
icant. The finest fiber diameter average of 22.84 um be-
longs to the 3rd age group (64.01-103.00 kg), and the
highest fiber diameter average belongs to the 1st age
group (35.00-55.50 kg) with 25.75 um. Pesmen and
Yardimci (2018) reported that the effect of age on the
diameter was significant in Menemen sheep, while
Tekin et al. (1999) reported that the effects of age, gen-
der, and live weight were insignificant in Turkish Me-
rino and German Black-Headed Meat sheep.

Fiber length affects draft, twist, yarn structure,
smoothness and yarn production method in yarn manu-
facturing (Sénmez, 1963). In industry, the length of the
curl is taken as a basis, which is an important factor
when evaluated according to the way of use. In this
study, the fiber length was calculated as 7.923+0.362
cm. The 7.45 cm length value reported by Unal and
Akgapinar (2001) for the Central Anatolian Merino
sheep in Konya Livestock Research Institute is close to
the value calculated in this study. It is lower than the
values 0f 9.96 cm and 9.22 cm (Dellal et al., 2000a, Unal
and Ak¢apinar 2001) reported for Anatolian Merino and
Central Anatolian Merino yearling lambs, and than
10.49 and 9.83 cm, respectively, determined by Uzun
(2008) in Karacabey Merino and Menemen dams. It is
higher than the mean lengths of 4.78 and 4.79 cm, re-
spectively, reported by Arik et al. (2003) for Anatolian
Merino and lle de France x Anatolian Merino (F1).

In this study, the effect of gender on fiber length was
found to be significant (p<0.01), while the effect of age
and live weight group was found to be insignificant.
Pesmen and Yardimci (2012) and Bagkesen and Kogak
(2018) reported opposite results regarding the effect of
age on length.

Strength and durability in fleece are expressed as
grams of the weight that the hairs that make up the fleece
can withstand until they break. Durability is one of the
important quality indicators of fleece. Raw materials
with high strength are preferred in the textile industry
(Kaymake1, 2016). In the study, the average strength
value of Anatolian Merino sheep was 19.153+1.252
cN/tex. This value is lower than 20.69 cN/tex reported
by Pesmen and Yardimci (2012) for Menemen sheep.
However, it is higher than the strength value reported by
Dellal et al. (2000a) and Arik et al. (2003) for Anatolian
Merino sheep. The fleece strength value was reported as
7.5,8.2,5.2,10,7.6,15.2, 18.3, 4.05 and 5.53 g, respec-
tively, by Yalg¢in (1972) for Konya Merino female year-
ling lambs and dams, by Sahan et al. (1995) for Merino
female and male yearling lambs, by Koyuncu et al.
(1996) for Merino, Kivircik and Tiirkgeldi sheep, and by
Uzun (2008) for Karacabey Merino and Menemen
sheep.

In this study, it was determined that the effects of the
factors (gender, age and live weight group) whose ef-
fects on strength were examined were insignificant.
Pesmen and Yardimei (2012) found the effect of age on
strength to be significant in Menemen sheep. Yalgin et
al. (1972) reported that fluctuations in strength were not
related to age.
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Table 1
Least squares means (LSM) and standard errors (SE) of fleece yield and characteristics in Anatolian Merino sheep
Elree:csz _Fiber Fiber Breaking Elasticity Clean Fleece
vield Diameter Length Strength Percentage
(kg) (nm) (cm) (cN/tex) (%) (%)
N LSM+SE LSM+SE LSM+SE LSM+SE LSM+SE LSM+SE
Overall 60 2.9740.199 24.42+0.495 7.92+0.362 19.15£1.252  25.38+1.833  48.16+£2.175
Gender NS NS * NS NS NS
Female 50 3.4540.130 25.12+0.324  9.43+0.239%  17.93+0.818  22.82+1.198  52.58+1.418
Male 10 2.49+0.471 23.73£1.174  6.42+0.847° 20.3742.969 27.95+4.342 43.75£5.139
Age NS NS NS NS NS NS
1 10 3.47+0.298 24.00+0.723 8.45+0.567 19.02+1.845 23.72+2.714  49.27+3.239
2 11 2.91+0.252  24.79+0.629 8.45+0.485 17.94+1.582 22.95+2.324  51.49+2.781
3 12 3.13£0.269 24.73+0.661  8.05+£0.499  18.52+1.663 26.71£2.408  50.56+2.923
4 15 2.55+0.277 24.07+0.716  7.53+£0.528  20.03+1.811 26.95+£2.645 44.58+3.078
5+ 12 2.79+0.307 24.5240.767  7.14+0.540  20.25+1.916 26.60+2.814 44.924+3.289
Live Weight Group NS * NS NS NS NS
1. (35.00-55.50) 19 3.09+0.242 25.75+0.580%  8.83+0.462 15.83+£1.445 24.48+2.197 52.87+2.611
2. (55.51-64.00) 21 3.04+0.280 24.69+0.691°  7.63+0.505 19.47£1.732  24.85£2.551 47.16+£3.010
3.(64.01-103.00) 20 2.7940.363 22.84+0.854° 7.31+£0.664  22.15+2.208 26.82+3.314 44.46+3.889

*a,b,c: The differences between the averages shown with different letters in the same column are significant. *P<0.05; NS: Insignificant.

The fleece hairs can be extended a little by holding
from both ends and stretching, and can regain their orig-
inal form when released. However, if more tension is ap-
plied, the cortex layer is well stretched and the cells are
separated from each other and the hair is broken
(Sonmez, 1963). This property is called elasticity. When
the extension ability of the hairs that make up the fleece
shirt is bad, the fleece diminishes while being processed
in the factory and thus the fleece yield decreases (Dellal
et al, 2000a). The elasticity value was calculated as
25.384+1.833% for the research herd. This value is
lower than the values 30.2% - 36.1% reported by Sahan
et al. (1995) for meat sheep x Merino crossbred (F1)
sheep, 32.5%, 39.3%, 41.5% reported by Koyuncu et al.
(1996) for Merino, Kivircik and Tiirkgeldi sheep,
31.48%, 27.35 % reported by Dellal et al. (2000a) and
Arik et al. (2003) for Anatolian Merino. On the other
hand, it is higher than elasticity value of 21.1% and
23.3% reported by Yalcin (1972) for Konya Merino
yearling lamb and dams, 23.69% reported by Arik et al.
(2003) for Anatolian Merino x lle de France crossbred,
and than 24.45% reported by Uzun for Karacabey Me-
rino.

The effects of gender, age and live weight group fac-
tors on elasticity were found to be statistically insignifi-
cant. Uzun (2008) found the effect of age on the elastic-
ity of Karacabey and Menemen sheep to be statistically
insignificant. On the other hand, Pesmen and Yardimci
(2012) reported the effect of age on elasticity in Mene-
men sheep to be significant.

The physical property that has the greatest effect on
price is Clean Fleece Percentage. The Clean Fleece Per-
centage value calculated in this study is 48.165+2.175%.
This result supports the knowledge that Anatolian Me-
rino sheep are classified as fine wool sheep. This per-

centage value is lower than 53.72%, 51.91%, 59.13% re-
ported by Dellal et al. (2000a), Arik et al. (2003), Tuncer
and Cengiz (2018) for Anatolian Merino sheep, 60.92%,
51.3% reported by Tellioglu (1975), Koyuncu et al.
(1996) for Merino sheep, and 54-58%, 51.13% reported
by Yal¢mn (1972) and Arik et al. (2003) for Konya Me-
rino, lle de France x Anatolian Merino. On the other
hand, it is close to 47.9% and higher than 43.1%, calcu-
lated by Sahan et al. (1995) for Merino female yearling
lambs and male yearling lambs, respectively. Wool
grease is found more in fine wool sheep breeds than
coarse wool sheep breeds, and because the grease of fab-
ric type fleeces is higher, the yield is lower than carpet
type fleeces.

It was determined that the effect of the environmen-
tal factors (gender, age, body weight group) examined
on the Clean Fleece Percentage was insignificant. The
effect of age on yield was found to be statistically sig-
nificant in Menemen sheep (Pesmen and Yardimel,
2012). Bagkesen and Kogak (2018), on the other hand,
stated that the effect of age on the yield in Dagli¢ sheep
was significant, while it was insignificant in Ramli¢
sheep. Uzun (2008) reported that when the values of dif-
ferent genders were examined in his study, the differ-
ence between gender groups was not statistically signif-
icant.

In this study, fleece yield and properties were inves-
tigated on a small sample of Anatolian Merino sheep
raised by the public, and according to the results ob-
tained, it was determined that Anatolian Merino wool
had significant superior characteristics compared to the
wool of domestic sheep. For this reason, it can be said
that Anatolian Merino sheep can be an important source
in the domestic supply of the fleece that the textile in-
dustry needs. To further improve the fleece yield and
quality of Anatolian Merino sheep and to produce wool
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suitable for the needs of the fabric industry, there is a
need for increasing the current numbers and serious and
planned selection to be applied in this direction.
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The purpose of this study was to analyze the R&D approaches of business man-
agers and the factors that affect R&D activities in the central districts of the
province of Konya in Turkey. The main data of the study were collected by ques-
tionnaires that were applied with managers of 67 businesses in the food industry
who were determined by the method of quota sampling. Ac-cording to the re-
sults, the effects of the educational status of the business owner, the personnel
structure of the business, the date when the business was established, having a
plan for R&D activities for the next 5 years, whether or not they had knowledge
on the institutions that provide support for R&D projects and the level of collab-
oration with universities on the R&D activities of businesses were significantly
effective on the level of 5%. The variables that were related to the R&D percep-
tions of the business managers were determined by factor analysis, and it was
found that there were 5 factors regarding the R&D perceptions of the managers.
Regression analysis was used to determine whether or not the factors related to
R&D perceptions were effective on conducting R&D activities. As a result of
the regression analysis, it was determined that R&D had contribution in the op-
erations of the business (Factor 1), and the two factors related to universi-ty-
industry collaboration (Factor V) had significant effects on businesses’ R&D
activities on the level of 5%.

1. Introduction

In today’s conditions, in order for countries to take a
prominent position in the international arena in the sec-
toral sense, they need to pay importance to innovation
activities in their production processes. To achieve this
power, they must conduct R&D activities (Dahlman
2007). With the help of R&D and innovation, businesses
operate more effectively and efficiently, and consumers
are more satisfied (Rajapathirana & Hui 2018). The ad-
vanced technology practices of a country contribute to
the increase in the prosperity in the country, and there-
fore, higher living standards (Samimi & Jenatabadi
2014).

R&D activities have an important place in the agri-
culture and food industry and in increasing the compet-
itive power of countries like Turkey, which have a high
potential for agriculture. By applying R&D activities on
the production models in the food industry, it will be
possible to achieve an economic model where the conti-
nuity of employment and efficiency are increased, reve-
nue is raised bilaterally between the producers and in-
dustrialists and the state, and social prosperity is
achieved (Tan et al. 2017). Businesses may operate
transformation activities by conducting R&D activities

* Corresponding author email: gurhan@selcuk.edu.tr

(Barro 1990). The information which is accessed by the
R&D activities in economic sectors allows higher levels
of production without additional costs (Silva & de Car-
valho 2015). The importance that is paid to R&D is
higher in new economic systems (Bozkurt 2015). This is
why investments on R&D are considered to be an indi-
cator of the effort of the economy to bring innovation
(Pandit et al. 2009).

The food sector, which has developed a lot in recent
years, is among the most important economic sectors in
Turkey (Ozden & Senkayas 2012; Gursakal et al. 2015).
The food sector is a branch of the manufacturing sector
which converts plant- and animal-based raw materials
that are obtained as a result of agricultural activities into
products with long shelf life that are ready for consump-
tion by using multiple different processes (Bulu et al.
2007). In the food sector, Turkey is mostly involved in
production that is dependent on imported technology.
Additionally, there are significant shortcomings in
adapting the imported technology to the conditions in
the country (Kugat 2012). Several practices were carried
out in Turkey after 2010 within the scope of the National
Science, Technology and Innovation Strategy for the Pe-
riod of 2011-2016 to determine the priorities of various
sectors in science, technology and innovation. The ne-
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cessity of need-based R&D was emphasized in six sec-
tors that require accelerated development as the defense,
space, health, energy, water and food sectors. Addition-
ally, in these fields, strategies were adopted to improve
human resources for innovation in science technologies,
convert research outcomes into goods and services,
spread the culture of multidisciplinary R&D collabora-
tion, increase the role of SMEs in the national system of
innovation, raise the contribution of the R&D infrastruc-
ture in the field of Turkish research and make the inno-
vation in international science technologies effective.

In order to improve R&D and innovation policies
and strategies in both the food industry and other indus-
tries, it is needed to determine the approaches of busi-
nesses in the nationwide sectors on this field. Therefore,
it is important in this study to determine the R&D ap-
proaches, attitudes and behaviors of business managers
of food industry businesses in the province of Konya in
Turkey which has a high potential for agriculture and
thus a developed food industry, in terms of revealing the
existing situation regarding the R&D activities in the
food industry.

2. Materials and Methods

The main material of the study consisted of the pri-
mary data that were collected with questionnaires used
in 67 businesses in the food industry in the central dis-
tricts of the province of Konya (Karatay, Meram,
Selguklu). Additionally, studies carried out by various
organizations and institutions on the topic and statistics
were utilized.

The quota sampling method was used to determine
the number of the businesses to be included in the study
(Acharya et al. 2013). Accordingly, this number was de-
termined as 67. This number represents 24% of all food
industry businesses in the region.

The attitudes, behaviors and perceptions of the busi-
ness managers of the businesses in the food industry in
the central districts of Konya were analyzed using a 5-
point Likert-type scale. A Likert-type scale is the most
practical method for measuring attitudes. This is why
this method is used prevalently for attitude scales (Hoyle
et al. 2002; Yilmaz et al. 2019; Tirker 2007)

A factor analysis was carried out to categorize the
factors that affect the R&D perceptions of the business
managers of the food industry. Kaiser-Meyer-Olkin
(KMO) test was used to determine whether or not the
data were suitable for factor analysis (Keles 2019). High
rates of variance as a result of factor analysis show that
the factorial structure of the scale is strong (Yong &
Pearce 2013).

A logistic regression analysis was conducted to de-
termine the factors that affect R&D activities. The logit
model is a statistical model that allows a categorization
that is appropriate for the rules of probability by proba-
bilistically calculating the estimated values of the de-
pendent variable and analyzes tabulated or raw datasets
(Gujarati 2009). Based on studies in the literature, it was

determined that the logistic regression model was suita-
ble for this study, and it is frequently used to analyze
similar data (Powers & Xie 2008; Unliier & Giines 2013;
Gengdal et al. 2015; Christoforou et al. 2018; Oz &
Saner 2021)

The general functional representation of the Logit
models is as follows (Gujarati 2009);

e (Bot+B1B1)

P(Y) = (1 + eBotBiXD)

Dependent variable is whether or not to do R&D.
P(Y) = Probability of being dependent variable

e= The natural logarithm of 10 base and approxi-
mately 2.30

X_i = Number of explanatory variables

\beta_O\ and\ \beta_1 =Typically estimated by the
maximum likelihood (ML) method (Berenson et al.
2012).

The odds rate (OR) used to interpret the logistic re-
gression model is the value obtained by dividing the
probability of observing the event by the probability of
not observing the event. It is calculated as;

_P(Y)
R=1"Pm)

Mann Whitney U test was used to determine the fac-
tors that affected R&D activities among the businesses
in the food industry in the central districts of Konya that
carried out R&D activities and those that did not conduct
R&D activities. Mann Whitney U test is used to deter-
mine the differences between two independent variables
that are measured continuously. It is the non-parametric
equivalent of t-test, which is a parametric test used to
determine whether or not the difference between two in-
dependent variables such as an X and a Y is significant
(it compares the median values of the variables)
(MacFarland & Yates 2016).

3. Findings and Discussion

3.1. Some Socioeconomic Characteristics of the Busi-
nesses in the Food Industry

As some of the socioeconomic characteristics of the
food industry businesses that were examined, the study
collected data on the business managers’ educational
status, personnel status, the date of establishing the busi-
ness, annual revenue, library situation and whether they
advertised or not. It was found that most food industry
business managers in the region (59.70%) had under-
graduate degrees. The educational levels of the business
managers in the region were higher than those of the ag-
riculture-based industry business managers in the prov-
ince of Samsun (Mazgal 2005). 46.27% of the studied
businesses had 10-49 employees, 19.40% had 1-9 em-
ployees, 17.91% had 50-99 employees, and 16.42% had
100 or more employees. The personnel status of the
businesses in the studied region was similar to those in
the food industry in the province of Tokat and the indus-
try sector in (Yal¢in & Esengiin 2008; Ucler & Karagor
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2014). The studied businesses had different dates of es-
tablishment. The highest rate of the businesses (29.85%)
were established in the period of 1971-1990. 25.37% of
the businesses were established in 1991-2000, 20.90%
were established in 2001-2010, 11.94% were estab-
lished in 1950-1970, and another 11.94% were estab-
lished in 2011 or later. It was determined that the food
industry businesses in the studied region were usually
established after 1998 in similarity to the dates of estab-
lishment among the agriculture-based industry busi-
nesses in the province of Van (Ulas & Cakir 2006).
58.21% of the studied businesses had annual revenues
of higher than 1,000,000 TL, 16.42% had annual reve-
nues in the range of 751,000-1,000,000 TL, 8.96% had
annual revenues in the range of 101,000-250,000 TL,
7.46% had annual revenues in the range of 251,000-
500,000 TL, 4.48% had annual revenues of 501,000-
750,000 TL, and another 4.48% had annual revenues of
lower than 100,000 TL. It was reported that the annual
revenues of the studied businesses were similar to those
of the food industry businesses nationwide, and their an-
nual revenues usually exceeded 1,000,000 TL (Bakka-
loglu & Giines 2018).

3.2. The State of R&D in the Studied Food Industry
Businesses

While 56.72% of the food industry businesses that
were studied conducted R&D activities, 43.28% did not.
It was determined that the rate of conducting R&D ac-
tivities among the studied food industry businesses was
higher than those of the agriculture-based industry busi-
nesses in the provinces of Canakkale and Samsun and
the food industry businesses nationwide (Mazgal 2005;
Tan et al. 2017; Bakkaloglu & Giines 2018). It was ob-
served that the vast majority (61.19%) of the studied

Table 1

food industry businesses planned to conduct R&D activ-
ities in the next 5 years. Among the studied businesses,
61.19% had knowledge about the institutions that pro-
vide support for the R&D projects and activities of the
food industry businesses in the studied region. In terms
of the sources of financial R&D support that were uti-
lized in the food industry businesses, it was determined
that 19.40% used support by KOSGEB (the Small and
Medium Enterprises Development Organization of Tur-
key), and 11.94% used support by TUBITAK (the Sci-
entific and Technological Research Council of Turkey).

Mann Whitney U test was conducted to determine
whether or not some of the socioeconomic characteris-
tics of the businesses were effective on their usage of
R&D activities (Table 1). The findings that were ob-
tained as a result of the analysis are described below.

In terms of conducting and not conducting R&D ac-
tivities, the effects of the educational status of the busi-
ness owner, the personnel structure of the business, the
date when the business was established, having a plan
for R&D activities for the next 5 years, whether or not
they had knowledge on the institutions that provide sup-
port for R&D projects and the level of collaboration with
universities on the R&D activities of businesses were
significantly effective on the level of 5%.

No significant relationship could be found between
whether or not the studied businesses conducted R&D
activities and their annual revenues, library situations,
levels of advertising, state of following the R&D activi-
ties of competitor firms and needs for receiving counsel-
ling support within the scope of university-industry col-
laboration.

Determination of properties of businesses conducted R&D activities and non-R&D activities by Mann Withney U test

R&D Situations N Mean Rank Sum of Ranks Asymp. Sig. (p)
The effects of the educational status R&D 38 38,09 144750 030
of the business owner Non-R&D 29 28,64 830,50 '
. R&D 38 38,53 1464,00
Personnel structure of the businesses Non-R&D 29 28.07 814,00 ,029
The date when the business was es- R&D 38 29,68 1128,00 034
tablished Non-R&D 29 39,66 1150,00 '
Annual revenues R&D 38 31,53 1198,00 183
Non-R&D 29 37,24 1080,00 '
. N R&D 38 35,88 1363,50
Library situations Non-R&D 29 3153 914,50 /225
. R&D 38 36,42 1384,00
Level of advertising Non-R&D 29 3083 894,00 ,168
Having a plan for R&D activities for R&D 38 38,18 1451,00 017
the next 5 years Non-R&D 29 28,52 827,00 '
State of following the R&D activities R&D 38 36,18 1375,00 197
of competitor firms Non-R&D 29 31,14 903,00 '
Whether or not they had knowledge R&D 38 39,95 1518,00
on the institutions that provide sup- ,001
port for R&D projects Non-R&D 29 26,21 760,00
The needs for receiving counselling R&D 38 35,08 1333,00
support within the scope of univer- ) ,506
sity-industry collaboration Non-R&D 29 32559 945,00
The level of collaboration with uni- R&D 38 37,08 1409,00
versities on the R&D activities of Non-R&D 29 2097 869,00 ,040

businesses




Ozaydm and Celik / Selcuk J Agr Food Sci, (2022) 36 (1):13-19

The perceptions, attitudes and behaviors of the busi-
ness managers on R&D were investigated, and the re-
sults are presented in Table 2.

Table 2
R&D perceptions, attitudes and behaviors of the food industry enterprises examined

16

Standard

Opinions about R&D management Mean* - Variance
Deviation
In general, Turkey has done enough in R&D. 1,99 0,913 0,833
Public institutions in Turkey are allocating sufficient resources to R&D activities. 2,21 0,897 0,804
Private sector in Turkey are allocating sufficient resources for R&D activities 2,33 0,975 0,951
In Turkey, R&D activities are in the development stage. 2,88 0,930 0,864
In Turkey, the share allocated to R & D is sufficient. 2,28 0,831 0,691
In Turkey, not given required importance to R&D 3,63 0,935 0,874
The knowledge of the country is not sufficient for R&D. 3,75 0,766 0,586
Technology development activities in the country are in good condition. 2,66 0,880 0,774
Konya has an R&D potential that you work. 2,85 0,973 0,947
Original products are only possible with R&D. 3,88 0,808 0,652
R&D activities are important for businesses. 3,84 0,828 0,685
There is a need to collaborate with universities in Food Industry. 3,09 1,125 1,265
Businesses should allocate at least 10% of their budgets for R&D activities. 3,66 0,930 0,865
R&D is the primary precaution for product development. 3,88 0,789 0,622
There is a direct correlation between companies' R&D investments and their competitiveness. 4,01 0,663 0,439
Technology developed with R&D studies will increase the competitive power of the company. 4,00 0,674 0,455
The activities of competitors must also be considered in R&D studies. 3,97 0,717 0,514
ilg;}/gf/taotzzrt])elleve that the success and development of the company will be more successful with 3,85 0,875 0,765
Businesses have knowledge about technological developments with R & D. 3,97 0,521 0,272
Businesses have information about businesses in the sector with R & D. 3,94 0,600 0,360
Businesses have information about new equipment with R & D. 3,93 0,635 0,403
Businesses have knowledge about R & D, Cost and sales strategies. 3,73 0,709 0,502
Businesses Have information about the market with R & D. 3,69 0,783 0,612
:fefﬁtr organization is systematically monitoring technology and markets to maximize develop- 3,22 1,012 1,025
R & D expenses in your company are considered as investment rather than cost. 3,06 1,099 1,209
If cooperation with the university is requested, our business will participate 3,16 1,298 1,685
Our business does benefit from public / private R & D support. 2,66 1,136 1,289
The importance of R & D activities in business is given. 3,31 1,117 1,249
Technological developments and innovations are constantly monitored in our business. 3,40 1,102 1,214
Our business is updating its strategy according to R & D activities. 3,34 1,038 1,077
R&D gi(_:tlvmes/ investments / expenditures carried out in our business are contributing as a 3,37 1,139 1,298
competitive advantage
R&D _agtlvmes/ investments / expenditures carried out in our business contribute to growth 3,36 1151 1,324
and efficiency output.
(I?uﬁ;llth activities / investments / expenditures carried out in our business contribute to production 3,37 1,153 1,328
R & D activities / investments / expenditures carried out in our business contribute as a product 3,33 1,160 1,345
variety output.
R&D _actlv!tles/ |n_vestments / expenditures carried out in our business contribute to the origi- 3,30 1,168 1,364
nal design / innovation output.
;{ufc D activities / investments / expenditures carried out in our business contribute to patent out- 313 1,192 1421
*Strongly agree:5, agree:4, neutral:3, disagree:2, strongly disagree:1
The Kaiser-Meyer-Olkin (KMO) test statistic of the that the data had a multivariable normal distribution. As
attitudes and behaviors of the business managers on a result of the analysis, it was determined that the related
R&D was 0.808. This result showed that the distribution variables were gathered under 5 factors. 70.04% of the
of the data was suitable for factor analysis. The signifi- total variance was explained cumulatively by these 5

cant Bartlett’s test result of 2762.022 (p<0.001) showed factors (Table 3).
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Table 3

R&D perceptions, attitudes and behaviors of the foodindustry enterprises examined

Initial Eigenvalues

Total Factor Loads

Turned Totals of Factor Loads

Factor Total Var‘:/zmce Cum(l)J/(I)atlve Total Var(:/z;mce Cum;l)atlve Total vVariance % Cum(l)J/rI)atlve
1 15,080 41,890 41,890 15,080 41,890 41,890 10,510 29,195 29,195
2 4,005 11,125 53,015 4,005 11,125 53,015 4,524 12,567 41,762
3 3,040 8,443 61,458 3,040 8,443 61,458 3,997 11,102 52,864
4 1,792 4,977 66,435 1,792 4,977 66,435 3,261 9,059 61,923
5 1,297 3,601 70,036 1,297 3,601 70,036 1,873 5,203 67,127
36 0,002 0,006 100,000
Kaiser-Meyer-Olkin Sampling Competence 0,808
Khi Square Value 2762,022

Bartlett's Test of Sphericity Degree of Freedom 630

p 0,000

While conducting the factor analysis with the pur-
pose of categorizing the factors that affected the R&D
perceptions of the business managers, principal compo-
nents analysis was conducted with the varimax rotation
technique to gather information on the construct validity

of the scale. As seen in Figure 1, when the initial eigen-
value was taken as 1.26 and as a result of the repeated
factor analysis, 5 factors were determined. The high val-
ues of variance as a result of the factor analysis showed
that the factorial structure of the scale was strong (Yong
& Pearce 2013).

Scree Plot

Eigenvalue
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Figure 1
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Component Number

Aggregation graph for the items in the survey

As a result of the factor analysis on the 36 items that
were examined to measure the perceptions, attitudes and
behaviors of the business managers on R&D (Table 2),
the related issues were gathered under 5 factors (Table
4). The factors where related variables gathered were de-
scribed as; the contribution of R&D on the operations of
the business (Factor I), the contribution of R&D on the

competitive power of operations (Factor 1), the contri-
bution of R&D on technological development (Factor
I11), the contribution of the national R&D structure on
businesses in the food industry (Factor IV) and the con-
tribution of university-industry collaboration on the
R&D activities of businesses in the food industry (Fac-
tor V).

Table 4

Factor Analysis of Perception, Attitude and Behaviors of Food Industry Management Managers Related to R&D

Factor Groups

Scale Items and Factor Loads Number of items

the contribution of R&D on the operations of
the business

the contribution of R&D on the competitive
power of operations

the contribution of R&D on technological de-
velopment

the contribution of the national R&D structure
on businesses in the food industry

the contribution of university-industry collab-
oration on the R&D activities of businesses in
the food industry

item 35 (0,935), item 33 (0,928), item 34
(0,912), item 32 (0,907), item 31 (0,900), Item
28 (0,840), item 36 (0,837), item 29 (0,828),
item 30 (0,825), item 25 (0,795), item 27
(0,633), item 24 (0,629), item 9 (0,416)
item 15 (0,869), item 16 (0,854), item
17(0,711), Item 14 (0,645), item 18 (0,599), 7
item 10 (0,577), item 11 (0,457)
item 21 (0,789), item 20 (0,775), item 19
(0,756), item 22 (0,756), item 23(0,702)
item 1 (0,887), item 2 (0,800), item 3 (0,774),
item 8 (0,615), item 7 (-0,605), item 5 (0,585), 8
item 6 (-0,473), item (0,458)

item 12 (0,667), item 13 (0,590), item 26
(0,491)

13
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Logistic regression analysis was used to test the ef-
fects of the factors related to the perceptions, attitudes
and behaviors of the business managers on whether or
not they conducted R&D activities (Table 5). 2 of the 5
factors that were investigated in the model had signifi-
cant effects. The dimensions that had significant effects
were Factor 1 and Factor 5. The results showed that,
when all the other conditions are kept constant, R&D
contributed to the operations of businesses in the food
industry, and the business managers that had a tendency
to stated that university-industry collaboration contrib-
utes to improvement of R&D by businesses also had a
higher tendency to conduct R&D activities.

Table 5
Logistic regression model

Name of .

Variable B S.E.  Wald df Sig. Exp(B)
Factor . 1720 0408 17.994 1 0000 5633
Factor Il. 0467 0382 1495 1 0221 1595
IFI"i‘Ctor 0121 0366 0109 1 0741 1,129
IF\"thor 0254 0339 0563 1 0453 1,289

Factor V. 0,681 0,353 3,726 1 0044 1976
Invariant 0,337 0,330 1,047 1 0306 1401

4. Conclusions and Recommendations

This study investigated the R&D approaches of busi-
ness managers of businesses in the food industry in the
central districts of Konya in Turkey and the factors that
affect the status of conducting R&D activities.

The personnel status of the businesses was signifi-
cantly effective on the level of 5% on whether or not
they conducted R&D activities. Accordingly, the num-
ber of employees and the experiences of the personnel
regarding R&D should be increased at businesses that
do not conduct R&D activities. Businesses should start
systematic plans that would improve R&D activities and
employ qualified personnel.

There was a significant relationship on the level of
5% between the businesses’ dates of establishment and
whether or not they conducted R&D activities. How-
ever, considering the effect of R&D on business success,
without regard to their establishment dates, awareness
about R&D should be raised in businesses for their con-
tinuity and sustainable competitive power.

Whether or not the business manager had knowledge
on institutions that provide support for R&D projects
was significantly effective on the level of 5% on whether
or not they conducted R&D activities. It was seen that,
although the majority of the business managers
(61.19%) had knowledge about the institutions that fund
R&D projects and provide assistance, they did not suffi-
ciently utilize the available assistance. Regarding this is-
sue, institutions that provide R&D projects and assis-
tance should inform food industry businesses and estab-
lish collaboration with them.

There was a significant relationship on the level of
5% between the businesses’ levels of collaboration with

universities and whether or not they conducted R&D ac-
tivities. Industry-university collaboration should be
more prevalent for increasing the R&D activities of
businesses in the food industry.

Considering the factors that are related to the percep-
tions, attitudes and behaviors of the business managers
on R&D, it was found that the managers who had posi-
tive attitudes towards the idea that R&D contributes to
the operation of the business in the food industry and the
idea that university-industry collaboration contributes to
improvement of R&D by businesses in the food industry
had higher rates of conducting R&D activities in com-
parison to the other managers. In the light of these re-
sults, seminars and introduction activities should be
planned for managers of businesses in the food industry
regarding the importance and advantages of conducting
R&D activities. It is needed to fill the gaps in the
knowledge of business owners and personnel on R&D
with workshops and similar meetings that involve ex-
perts from universities and different sectors.

Consequently, state-industry-university collabora-
tion has great importance for businesses in the food in-
dustry. These organizations and institutions should per-
form the responsibility that falls upon them and work in
coordination.
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Seedling stage reactions of thirty-eight 2-rowed barley landraces representing
different areas of Turkey obtained from Osman Tosun Gene Bank to two Pyre-
nophora teres f. teres isolates were evaluated. In addition, barley cultivars Biilbiil
89 and Avci 2002 were included. Landraces exhibited different reactions to the
disease and their reactions ranged from resistant- moderately resistant to suscep-
tible. Landrace number 33 obtained from Diyarbakir was found the most re-
sistant to the disease compared to all other landraces whereas landrace number
10 obtained from Bilecik-S6giit, and cultivar Biilbiil 89 were the most suscepti-
ble. The majority of the landraces were classified between the Moderately Re-
sistant-Moderately Susceptible to Moderately Susceptible-Susceptible. Land-
race number 33 exhibited Resistant-Moderately Resistant reactions to both iso-
lates. This landrace from Diyarbakir could be used as the seed source and in the
breeding studies for obtaining barley cultivars resistant to the net form of net
blotch disease.

1. Introduction

Barley is one of the oldest domesticated crops and an
important cereal (FAO, 2015). It is ranked as the second
most important cereal in Turkey (Gegit, 2016; TUIK,
2016). Today barley is used commercially as the main
source of food in livestock production, healthful diets,
and in the malt industry (Kiin, 1996). In Turkey, the av-
erage production of barley is estimated at 8.300.000
tonnes per year (TUIK, 2020).

Landraces are recognized for their importance as a
germplasm source for barley breeding programs and for
improving the genetic diversity of barley and they are
adapted to stress factors (Brush, 1995; Attene et al.,
1996). Also, barley landraces are used as the main seed
source in many of the traditional barley fields by the
farmers (Ceccarelli and Grando, 2000).

Landraces are well adapted to the different agrocli-
matic conditions, and they have emerged as a result of
many years of selection. However, with the emergence
of genetically uniform, high-yielding, and high-quality
commercial varieties, farmers preferred to use commer-
cial varieties. Over time, the replacement of the land-
races with a high degree of variation by commercial va-
rieties has resulted in a loss of genetic diversity (Cecca-
relli et al., 2000; Ceccarelli and Grando, 2000). Genetic
stock studies were started in Turkey in 1938 by Osman

* Corresponding author email: karakaya@agri.ankara.edu.tr

Tosun. Barley landraces have been collected by Osman
Tosun and his colleagues from different parts of Turkey.
Barley germplasm from several countries is also main-
tained in Osman Tosun Gene Bank, Ankara, Turkey
(Celik Oguz et al., 2019).

Pyrenophora teres (anamorphic stage: Drechslera
teres) is an important pathogen of barley. Two forms of
the disease, spot, and net forms exist. Drechslera teres
f. teres incites the net form of the disease (Liu et al.,
2011). The disease affects badly the quantity and quality
of barley crops worldwide. In places where very suscep-
tible varieties are cultivated, destruction of the crops is
expected (Mathre, 1982).

Both forms of the pathogen is common in Turkey
(Karakaya et al.,2014; Damgaci, 2014; Celik and Kara-
kaya 2015; flgen et al., 2017; Ozdemir et al., 2017;
Ertiirk et al., 2018; Sarag et al., 2019; Sivrikaya et al.,
2020). Both forms of the pathogen cause numerous races
and this may complicate the control efforts. In a study
conducted in Turkey, 24 Pyrenophora teres f. teres pat-
hotypes and 26 Pyrenophora teres f. maculata pathoty-
pes were found (Celik Oguz and Karakaya 2017). Morp-
hological, pathological, and genetic variation was obser-
ved among the Turkish isolates of P. teres (Celik Oguz
et al., 2014; Celik Oguz et al 2019a). Both mating types
of fungus were found in Turkey (Celik Oguz et al.,
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2018). In Ankara, Turkey, on the leaves, left on the gro-
und, and buried, conidia, conidiophores, and pseudothe-
cia of the pathogen were observed. These propagules
were more common on the leaves left on the ground. In
cooled incubator studies, pycnidia were observed. Coo-
led incubator studies revealed that fungus in diseased le-
aves and fungal cultures survived -10°C. Apparently, the
fungus can survive during the winter months under An-
kara, Turkey conditions (Karakaya et al., 2004).

If much focus is not taken on controlling this disease,
great economic losses are expectable in areas where it
forms a real threat to barley production. Various
measures such as stubble destruction and the application
of fungicides can control the disease. However, since
plant residues are still capable of producing numerous
infectious spores, a complete elimination of stubble ino-
culum to prevent significant infection for the next sea-
son crop is a quite difficult task (Jordan and Allen,
1984). Cultural practices alone seem ineffective for the
management of the disease. Chemical fungicides are
highly expensive and they are unaffordable for most far-
mers, reduced sensitivity of the pathogen is expectable,
and a fungal population can develop resistant biotypes
(Olvang, 1988). Therefore, the application of other
methods such as crop rotation and using of disease-re-
sistant barley genotypes has become necessary for the
control of the pathogen (Mathre, 1982; McLean et al.,
2012). The use of disease-resistant barley genotypes is
the most profitable and eco-friendly means of control-
ling the disease.

The growth of resistant cultivars is the preferred con-
trol method (Mathre, 1982; Yazici et al., 2015). Landra-
ces are genetic variation sources in plant breeding prog-
rams (Yitbarek et al., 1998). Elucidation of the re-
sistance status of barley landraces will be useful in
breeding programs. Also, some high-yielding landraces
could be used by farmers. Barley landraces can be
planted either directly in the field or utilized in breeding
programs for developing new resistant varieties. In Tur-
key, limited work exists on the net type resistance status
of barley genotypes (Yazici et al., 2015; Celik Oguz et
al., 2016; 2017, 2019b).

In this work, under greenhouse conditions, 38 Tur-
kish barley landraces obtained from Osman Tosun Gene
Bank to two Pyrenophora teres f. teres isolates have
been evaluated at the seedling stage. In addition, two
barley cultivars Biilbiil 89 and Avci 2002 were included
in this study.

2. Materials and Methods

This study was accomplished in the laboratory and
the greenhouse of the Ankara University, Faculty of Ag-
riculture, Department of Plant Protection, Turkey. All
trials in the greenhouse were executed as three replica-
tions. A total of 38 barley landraces were used in the
study. The landraces used in this study were obtained
from Osman Tosun Gene Bank, Ankara, Turkey. In ad-
dition, barley cultivars Biilbiil 89 and Avct 2002 were
included in this study. The locations of the barley land-
races were presented in Figure 2.

Figure 1

Single spore culture of Ankara isolate in Potato Dex-
trose Agar medium (PDA) (left), single spore culture of
Sivas isolate in PDA medium (right).

Inoculation was accomplished using 2 Pyrenophora
teres f. teres isolates obtained from the Ankara and Si-
vas provinces of Turkey (Figure 1). Isolates were ob-
tained from Aziz Karakaya and Arzu Celik Oguz, An-
kara University, Turkey.

The Gene Bank Registration numbers of the thirty-
eight landraces used in the study, the locations from
which they were obtained, and the color of their kernels
are shown in Table 1

Figure 2
Provinces that barley landraces are obtained.
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Table 1
Some characteristics of the landraces used in this study
No Osman Tosun Gene Bank Type Location Kernel color
Registration No

1 667 2-rowed Eskisehir-Cifteler Black
2 885 2-rowed Diyarbakir-Bismil White
3 930 2-rowed Diyarbakir-Karabag White
4 900 2-rowed Diyarbakir-Nusaybin Black
5 933 2-rowed Erzincan-Refahiye White
6 715 2-rowed Kayseri-Pinarbasi White
7 884 2-rowed Urfa White
8 684 2-rowed Agri-Tutak White
9 692 2-rowed Ankara White
10 659 2-rowed Bilecik-Sogiit White
11 638 2-rowed Rize-Pazar White
12 868 2-rowed Konya-Zivarak White
13 671 2-rowed Corum-Mecitozii White
14 709 2-rowed Sivas-Zara White
15 707 2-rowed Nigde-Aksaray White
16 702 2-rowed Kirsehir-Kaman White
17 799 2-rowed Adana-Kadirli White
18 854 2-rowed Nevsehir White
19 931 2-rowed Malatya-Potiirge White
20 914 2-rowed Erzurum-H.Kale White
21 825 2-rowed Kayseri-Pinarbagt White
22 707 2-rowed Malazgirt White
23 660 2-rowed Sinop-Gerze White
24 685 2-rowed Hatay-Kirikhan White
25 644 2-rowed Gaziantep-Nur. White
26 664 2-rowed Isparta White
27 844 2-rowed Yozgat-Akdagmadeni Black
28 771 2-rowed Konya Black
29 926 2-rowed Urfa-Siverek White
30 915 2-rowed Sivas-Divrigi Black
31 640 2-rowed Amasya-Tagova White
32 673 2-rowed Isparta-Gelendost White
33 941 2-rowed Diyarbakir White
34 786 2-rowed Hatay-Korkuteli White
35 906 2-rowed Konya-Eregli White
36 888 2-rowed Eskisehir-Agapinar White
37 752 2-rowed Nigde-Bor White
38 689 2-rowed Erzurum White

The inoculation procedure was similar as described
by several other investigators (Celik Oguz et al., 2019b;
Yazici et al., 2015; Douiyssi et al., 1998). Fifteen seeds
from each landrace were seeded in 7 cm diameter plastic
pots containing soil. Plants were watered as necessary.
The temperature of the greenhouse was 18-23+2 °C for
night and day with a 14h/10h light/dark regime. For ino-
culum production, mycelia were scraped from Petri pla-
tes using a paintbrush. Inoculum concentration was

adjusted using a hemocytometer to 15-20x10* myce-
lial parts per ml. One drop of Tween 20 was added for
every 100 ml of the inoculum (Aktag, 1995). After ino-
culation, plants were placed in metal boxes and a plastic
cover was placed on top of each box. In addition, boxes
and plastic covers were wrapped with nylon sheets.
Plants were inoculated at growth stages 12-13 (Zadoks
et al., 1974). After four days nylon sheets and plastic co-
vers were removed. Seven days after inoculation, plants
were evaluated with a 1-10 scale developed for D. teres

f. teres by Tekauz (1985). The description of the scale is
as follows:

1: R (Resistant),

2: R-MR (Resistant-Moderately Resistant),

3: MR (Moderately Resistant),

4:MR-MS: (Moderately Resistant-Moderately Sus-
ceptible),

5:MR-MS (Moderately Resistant-Moderately Sus-
ceptible),

6:MR-MS (Moderately Resistant-Moderately Sus-
ceptible),

7: MS (Moderately Susceptible),

8: MS-S (Moderately Susceptible-Susceptible),

9: S (Susceptible),

10: VS (Very Susceptible).

A visual scale is presented in Figure 3.
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3. Results and Discussion

Ankara and Sivas isolates differed in the nature of
their growth on the PDA medium. The single spore cul-
ture of Sivas isolate appeared smooth whereas Ankara
isolate had fluffy growth (Figure 1).

The first symptoms of the disease were observed on
leaves of some landraces three days after inoculation.
Leaf symptoms characteristic of the net form of the di-
sease appeared first as narrow chlorotic lesions which
gradually increased in size and length. Eventually, seve-
rely infected leaves showed dark brown longitudinal and
transverse striations (Figure 4).

3 4 5 8

1 2 6 7 9 10
R R-MR MR MR-MS MR-MS MR-MS MS MS-S S 'S
Figure 3

Visual scales used in the experiment according to Tekauz (1985) (Photographs: Aziz Karakaya).

Figure 4

Leaves of barley landraces showing different levels of resistance to Pyrenophora teres f. teres Ankara isolate. a) Sanliurfa

landrace, scale value: 6 (MR-MS), b) Corum-Mecit6zii landrace, scale value: 7 (MS), c)Kayseri-Pinarbasi landrace,

scale value: 6 (MR-MS), d) Diyarbakir landrace, scale value: 2 (R-MR) (Photographs: Hatice Sevde Yiiceler)
Evaluations were performed 7 days following inocu- each landrace are the mean scale values of the three rep-

lation. Results are presented in Table 2 in addition to licates.

some information concerning the 2- rowed barley land-

races used in this study. Data on disease severity for
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Some characteristics of the barley landraces used in this study and the response of these landraces to 2 P. teres f. teres

isolates at the seedling stage

Osman Tosun Gene

Sivas isolate
scale value and reac-

Ankara isolate
scale value and reac-

No Bank Registration No Location tion type (Tekauz tion type
1985) (Tekauz 1985)

1 667 Eskisehir-Cifteler 5 MR-MS 5 MR-MS
2 885 Diyarbakir-Bismil 8 MS-S 8 MS-S
3 930 Diyarbakir-Karabag 6 MR-MS 6 MR-MS
4 900 Diyarbakir-Nusaybin 6 MR-MS 5 MR-MS
5 933 Erzincan-Refahiye 7MS 6 MR-MS
6 715 Kayseri-Pmarbasi 7 MS 6 MR-MS
7 884 Sanliurfa 7MS 6 MR-MS
8 684 Agn-Tutak 6 MR-MS 6 MR-MS
9 692 Ankara 6 MR-MS 5 MR-MS
10 659 Bilecik-Sogiit 9S 8 MS-S
11 638 Rize-Pazar 7MS 6 MR-MS
12 868 Konya-Zivarak 7MS 7MS
13 671 Corum-Mecitozi 7 MS 7 MS
14 709 Sivas-Zara 8 MS-S 7MS
15 707 Nigde-Aksaray 5 MR-MS 6 MR-MS
16 702 Kirsehir-Kaman 7MS 6 MR-MS
17 799 Adana-Kadirli 7MS 7MS
18 854 Nevsehir 8 MS-S 7 MS
19 931 Malatya-Patiirge 7 MS 7 MS
20 914 Erzurum-H.Kale 6 MR-MS 6 MR-MS
21 825 Kayseri-Pmarbasi 6 MR-MS 6 MR-MS
22 707 Mus-Malazgirt 5 MR-MS 5 MR-MS
23 660 Sinop-Gerze 5 MR-MS 5 MR-MS
24 685 Hatay-Kirikhan 5 MR-MS 6 MR-MS
25 644 Gaziantep-Nur 7 MS 7 MS
26 664 Isparta 7 MS 7 MS
27 844 Yozgat-Akdagmadeni 7 MS 7MS
28 771 Konya 7 MS 7MS
29 926 Urfa-Siverek 7MS 6 MR-MS
30 915 Sivas-Divrigi 7 MS 7 MS
31 640 Amasya-Tasova 5 MR-MS 5 MR-MS
32 673 Isparta-Gelendost 7 MS 6 MR-MS
33 941 Diyarbakir 2R-MR 2 R-MR
34 786 Hatay-Korkuteli 8 MS-S 7 MS
35 906 Konya-Eregli 6 MR-MS 6 MR-MS
36 888 Eskisehir-Agapinar 6 MR-MS 6 MR-MS
37 752 Nigde-Bor 7 MS 6 MR-MS
38 689 Erzurum 8 MS-S 8 MS-S
39 89 Biilbiil 89 9S 8 MS-S
40 Avci 2002 4 MR-MS 5 MR-MS
Isolate means 6.525 6.225

Landrace reactions to Sivas isolate ranged between
Resistant-Moderately Resistant and Susceptible. Land-
race number 33 obtained from Diyarbakir had a 2 scale
value and this landrace was rated Resistant-Moderately
Resistant to the disease. Fourteen other landraces exhib-
ited Moderately Resistant-Moderately Susceptible dis-
ease reaction. These include landraces with the numbers
1,3,4,8,9,15,20,21,22,23,24,31,35, and 36. The rest of
the landraces showed moderately susceptible (MS) to
moderately susceptible-susceptible (MS-S) disease re-
sponses except for the landrace obtained from Bilecik-
Sogiit. This landrace showed a susceptible (S) reaction

(scale value 9). Cultivar Biilbiil 89 showed a scale value
of 9 and cultivar Avci 2002 showed a scale value of 4.
Responses of the landraces to Ankara isolate ranged be-
tween Resistant-Moderately Resistant and Moderately
Susceptible-Susceptible. Again the landrace number 33
from Diyarbakir was found Resistant-Moderately Re-
sistant (R-MR). Landraces 1, 3, 4,5, 6, 7, 8, 9, 11, 15,
16, 20, 21, 22, 23, 24, 29, 31, 32, 35, 36, 37 exhibited
Moderately Resistant-Moderately Susceptible (MR-
MS) reaction to Ankara isolate. Other landraces showed
Moderately Susceptible (MS) to Moderately Suscepti-
ble-Susceptible (MS-S) reactions. Cultivar Biilbiil 89
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showed a scale value of 8 and cultivar Aver 2002
showed a scale value of 5. Sivas isolate appeared to be
slightly more virulent (Isolate means: Sivas isolate
6.525, Ankara isolate 6.225).

4, Discussion And Conclusion

Results of the present study indicated that reactions
of the landraces tested against two P. teres f. teres iso-
late ranged between R-MR to S. Among the thirty-eight
landraces screened in this study, only one landrace from
Diyarbakir exhibited R-MR response to the isolates
(scale value: 2). Fourteen and 22 landraces exhibited
MR-MS responses to Sivas and Ankara isolates, respec-
tively. The other landraces exhibited susceptible group
reactions to the isolates.

Celik Oguz et al. (2017), using three P. teres f. teres
isolates, tested 198 landraces of barley. The researchers
reported that among the total number of landraces, seven
landraces were resistant.

In another study conducted in 2019 by Celik Oguz et
al., responses of seedlings of 25 barley landraces obtai-
ned from Iran against 3 isolates of P. teres f. teres under
a controlled environment were determined. Different de-
grees of virulence were found among the isolates. Two
landraces exhibited MR reactions to one of the Ptt iso-
lates.

Legge et al., (1996) evaluated the disease reactions
of 176 Turkish barley accessions to barley pathogens
prevalent in Canada. A small number of accessions with
resistance to P. teres f. teres were identified.

Barley landraces represent a wide genetic variation
for desirable agronomic characteristics (Ergiin et al.,
2017), and successful transfer of desired agronomical
traits with specific genes to new varieties of crops is pos-
sible (Newton et al., 2010). In addition, emphasis on the
collection of those genetic resources from their natural
range or habitat and also their conservation should be
undertaken (Frankel and Hawkes, 1975).

In addition to the barley landraces, wild barley
(Hordeum spontaneum) is also a valuable resistance
source. Celik Oguz et al., (2019c) screened 104 H. spon-
taneum genotypes using virulent Pyrenophora teres f.
teres isolates. Eight H. spontaneum genotypes showed
resistant group reactions to 3 virulent isolates of P. teres
f. teres.

Mutation breeding is also used to obtain disease-re-
sistant lines. In a study conducted by Celik Oguz et al.,
(2016), barley cultivar Tokak 157/37 was subjected to
gamma irradiation and mutant lines were obtained.
Twenty-five mutant barley lines obtained by gamma ir-
radiation were These lines were tested for their seedling
resistance status under greenhouse conditions using
Drechslera teres f. teres isolates. Isolate differences
were evident. The reactions of the mutant lines to the
most virulent isolate differed between moderately resis-
tant-moderately susceptible and susceptible.

This current study showed the variation in barley
landraces obtained from Osman Tosun Gene Bank in

Turkey to P. teres f. teres. Landraces with good re-
sistance such as the one obtained from Diyarbakir (Os-
man Tosun Gene Bank Registration Number 941) could
be employed as a source of resistance genes in barley
breeding programs.
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This study was conducted to determine the levels of melatonin in the day and
night milk of Holstein and Jersey cows. In the study, samples of daytime milk
produced from 27 head of Holstein and 27 head of Jersey cows in the first lacta-
tion, which were raised in a private dairy cattle enterprise in the Kasmhani ne-
ighborhood of Meram district of Konya city Turkey, and night milk samples
taken from the same cows that were blackened for one (1) week were used. Me-
latonin levels in milk samples taken from day and night milk were determined
separately for Holstein and Jersey cows with the help of Bovine Melatonin
(MLT) Elisa Kit.

In the study, it was determined that the ratio of melatonin in day and night milk
in Holstein cows was 2.912 pg/ml and 11.314 pg/ml, respectively, and the ratio
of melatonin in Jersey cows was 2.924 pg/ml and 6.954 pg/ml in the same order.
The difference between the melatonin levels of the day and night milk of Hols-
tein and Jersey cows was found to be statistically significant (p<0.01).

At the end of the study, it can be stated that night milk can be used for medical
purposes and a new production source may arise for producers since there is a
significant difference in melatonin between day and night milk.

1. Introduction

The presence of a higher amount of melatonin in
milk produced in the dark than in day milk and its rela-
tionship with human health has recently attracted the at-
tention of researchers and has led to a remarkable incre-
ase in the number of publications on the subject.

Ozgelik et al. (2013) reported from studies conduc-
ted in humans that while the blood concentration of me-
latonin is around 0-20 pg/dl during the daytime, it rises
to 50-200 pg/dl at night. An average of 30 mg of mela-
tonin is synthesized overnight. There are many factors
that affect melatonin synthesis. Light is one of these fac-
tors. This hormone, which is secreted during sleep, is
secreted intensively, especially at night (between 23:00
and 05:00). For this intense secretion to occur, the envi-
ronment must be dark. This mechanism is similar in ot-
her mammals (Jainudeen et al. 2000; Balch 2010).

Romanini et al. (2019) determined the highest con-
centration of melatonin in individual cow's milk as 41.94
pa/ml. They reported that there are seasonal changes and

* Corresponding author email: shoztepe@selcuk.edu.tr

that the highest concentration of melatonin is reached at
night in winter. There are also studies revealing the re-
lationship between health and melatonin secretion in
night milk (Valtonen et al. 2005). Related to melatonin
helping to improve symptoms of jetlag (a problem more
commonly experienced by people who travel a lot and
flight crews in general, with interrupted sleep, early
waking, excessive sleepiness, difficulty falling asleep,
and reduced sleep quality being the most prominent ef-
fects of jetlag) are reports (Liu and Borjigin 2006; Srini-
vasan et al. 2008). At the same time, melatonin is a very
powerful antioxidant, stronger than vitamin C, E or beta
carotene, preventing harmful oxidation. In this way, it
can reduce the risk of hypertension, heart attack and
some types of cancer. In addition, it has been stated that
it can be useful in the treatment of Alzheimer's and can-
cer, preventing the regulation of the immune system,
memory loss, vascular occlusion and stroke. Also, there
is no toxic level of melatonin consumption (Balch
2010). Romanini et al. (2019) reported that melatonin-
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rich night milk produced and marketed has benefits for
public health and business people.

Photoperiod, which is defined as the duration of day-
light that the animal is exposed to for 24 hours, also sig-
nificantly affects milk yield. Photoperiod is applied in
two ways as long day photoperiod (16-18 hours of con-
tinuous daylight exposure and 6-8 hours of dark expo-
sure) and short day photoperiod (8 hours of day-light
and 16 hours of dark exposure). Changes in the exposure
time in the photoperiod significantly affect the physio-
logy of many species. Photoperiod has more gained im-
portance in recent years to increase animal health and
productivity level in dairy cattle herd management. Con-
sidering the climate changes, this management factor
will be more important in the future.

This study was carried out to reveal the differences
between the melatonin levels in the daytime (10 hours
of light) and nightly (14 hours of darkness) synthesized
milk of Holstein and Jersey dairy cows and in addition
to determining whether the production possibilities of
night milk rich in melatonin were and whether there is a
difference between these.

2. Materials and Methods

Material

The research was carried out in January and the pho-
toperiod is 10 hours of light and 14 hours of darkness in
Konya, where the research was conducted during this
period. The average daily milk yield and days in milk of
the cows in the first lactation, which constitutes the re-
search material, were determined as 30.63+0.72 kg-
75.91+4.21 day and 17.16+1.44 kg-73.25+4.01 day for
Holsteins and Jerseys, respectively. Milk samples to be
analyzed were obtained by milking the milk produced
by 27 Holstein and 27 Jersey cows lighted 150 lux at eye
level in night time in the first lactation in the afternoon
(at 15:00-17:00 milking time) during the day. Then,
Holstein and Jersey cows were kept in the barn, which
was completely dark at night, for a week, and the nightly
synthesized milk was obtained by milking before sunrise
(at 3:00-5:00 milking time). Samples of both day and
night milk for both breeds were taken into 50 ml tubes
homogeneously to represent the total milk with the help
of the milk sampling apparatus that can be mounted on
the milking system.

Method

The milk samples taken were brought to the labora-
tory in the cold chain (+ 4 °C). Milk samples were ho-
mogenized at +4 °C, taken into 8 ml polypropylene tubes
and transferred to the laboratory in a cold chain and dark
environment.

After all samples were obtained, the analysis phase
was started. Centrifugation was performed twice at 4500

rpm for 15 minutes at +4 °C in the laboratory. After each
centrifugation, the fat layer accumulated in the upper
part was separated, and the milk samples, which were
completely separated from the fat, were kept at -80 deg-
rees until the working day. On the working day, the
samples were thawed first at -20 °C, then at +4 °C and
finally at room temperature. After dissolution, homoge-
nization was achieved by vortexing. Homogenized
samples were analyzed using IBL brand Melatonin di-
rect Saliva ELISA (Non-Extraction) and in accordance
with the kit procedure, Rayto RT-2600 Microplate Was-
her (India) and BMG LABTECH (German) Enzyme-
Linked Immuno Sorbent Assay in Selcuk University Fa-
culty of Medicine Biochemistry Laboratory. (ELISA)
Melatonin levels were determined in pg/ml via ELISA
reader. The quantitation limits of the melatonin kit used
are between 0.5 - 50 pg/ml and the samples were not di-
luted.

Statistical analysis

Analysis of the differences between melatonin levels
in day and night milk in Holstein and Jersey cows was
performed according to the repeated measurements
experiment design (Two Factors Experiments with Re-
peated Measurements On One Factor Levels) in order to
prevent dependence since the samples were taken from
the same animals before and after darkening (Giirbiiz et
al. 2003). Statistical analyzes were made with the help
of the RStudio statistical package program.

3. Results and Discussion

At the end of the study, it was determined that the
level of melatonin in Holstein cows was 2.912 pg/ml in
milk synthesized during the day and 11.314 pg/ml in
milk synthesized at night.

In the samples examined in Holstein cows, it was ob-
served that the lowest melatonin value in day milk was
1.168, the highest melatonin value was 5.887, and the
melatonin ratio in night milk was between 3.520 and
21.510 (Table 1). In Jersey cows, on the other hand, me-
latonin level was determined as 2.924 pg/ml in milk
synthesized during the day and as 6.954 pg/ml in night
milk. The melatonin ratios in day milk of Jersey cows
ranged from 1.085-4.577, and in night milk from 3.422
to 15.722 (Table 1). The melatonin level in night milk
of Holstein cows was approximately 3.9 times the milk
synthesized during the day and this difference was sta-
tistically significant (p<0.01). In Jersey cows, the mela-
tonin level in night milk was approximately 2.4 times
the milk synthesized during the day, and this difference
was statistically significant (p<0.01). While the diffe-
rence between the melatonin levels of milk synthesized
during the day in Holstein and Jersey cows was statisti-
cally insignificant (p>0.05), the difference in milk synt-
hesized at night was statistically significant (p<0.01).
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Table 1
Melatonin levels and standard errors in day and night milk
Breed Samples n X + S Min-Max
S Daytime milk (pg/ml) 27 2.912+0.266 1.168-5.887
Holstein Friesian (HF)  —Gohttime milk (pg/mi) 27 11314£1.100 3.520-21510
Jersey (J) Daytime milk (pg/ml) 27 2.924+0.216 1.085-4.577
y Nighttime milk (pg/ml) 27 6.954+0.567 3.422-15.722
12 11,314
10
=8 6,954
S
ey
26
£
c
2 4
o 2,912 2,924
(]
§ . .
2
0
normal day-time milk normal day-time milk  night-time milk (HF) night-time milk (J)
(HF) ()
Figure 1

Melatonin levels in day and night milk in Holstein Friesian (HF) and Jersey (J) cows

The differences between melatonin levels in night
and day milk of Holstein and Jersey cows can also be
seen in Figure 1. According to Holzmann et al. (2019),
the ration supplemented with vitamins (C) did not affect
the concentration of melatonin in total milk. However,
in the night milk, the melatonin level was 6.57 pg/ml in
the cows fed the unsupplemented ration, while it was
11.06 pg/ml in the fortified ration group. Milk expressed
at night showed melatonin concentrations 1.43 to 2.38
times higher than total milk per day. According to Ro-
manini et al. (2019), in their study investigating melato-
nin levels and sources in cow's milk, reported differen-
ces in levels of melatonin in night milk and total milk
according to winter and summer months. In the low yi-
eld group, the level of melatonin was found to be around
22 pg/ml in night milk in winter and around 10 pg/ml in
summer, while it was around 8 pg/ml in winter and 6
pg/ml in summer in total milk. In the high yield group,
it was found as 16 pg/ml in night milk in winter and 11
pg/ml in summer, while it was determined as 9 pg/ml in
winter and 4 pg/ml in total milk. The values found in the
current study were similar to those reported by Roma-
nini et al. (2019). While Asher et al. (2015) found lower
levels of melatonin levels in milk under dark and limited
lighting conditions at night, researchers reported values
between 15-20 pg/ml in the group with limited lighting,
while melatonin level was around 30 pg/ml in night

milk. Sahin et al. (2021), it was determined that the me-
latonin level in day milk of first lactation cows of Hols-
tein breed was 103.70+£6.61 pg/ml and 163.13+£8.96
pg/ml in night milk. The difference between melatonin
levels of day and night milk was statistically significant
(P<0.01). The probable reason for this difference is that
the Kits used to determine the melatonin level are diffe-
rent (In some Kits, the reading range for melatonin level
varies between 0 and 1000 (MYBIOSOURCE brand
Bovine Melatonin (MLT) ELISA Kit (Competitive
ELISA)), in some Kits this reading is between 0.5 and
50. (IBL, Melatonin direct Saliva ELISA (Non-Extrac-
tion) varies) It may also be that the season and yield le-
vel of milk samples are different (high or low yield) (As-
her et al. 2015).

4. Conclusion

Melatonin has a vital role for humans and is neces-
sary for a healthy life. Sources rich in melatonin, espe-
cially milk, should be evaluated for a healthy and happy
life. In Finland and Germany, melatonin-rich milk pro-
duced at night from cattle under the name of "night
milk" has begun to be produced commercially (Valtonen
et al. 2005; Mullins 2010). Valtonen et al. (2005) repor-
ted that even the lowest melatonin dose of 0.1 mg was
10 times higher than the total melatonin secreted at
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night. In other words, it is not possible to meet this amo-
unt by consuming milk rich in melatonin. Accordingly,
"night milk" produced from cows should be consumed
at least half a liter based on the reports of Valtonen et al.
(2005) in adults, especially children and the elderly, as
a supplement to the melatonin secretion of patients. Re-
garding this issue, Valtonen et al. (2005) reported that
melatonin secretion decreases with age and that they use
night milk as a material for the elimination of sleep di-
sorders in elderly people, and that they obtain positive
results when the patients are given about 0.61 liters/day.
Bae et al. (2016) compared the effects of consuming re-
gular milk containing 100 pg melatonin and 47.5 mg
tryptophan amino acids and a glass of overnight milk
containing 1000 pg melatonin and 58.24 mg tryptophan
amino acids. As a result, it has been reported that a glass
of night milk containing 1000 pg melatonin provides an
increase in sleep comfort and a decrease in insomnia
throughout the day.

In some countries, milk rich in melatonin is marke-
ted as “night time milk” separately from normal milk. In
Turkey, it is necessary to make legal regulations in this
regard and to produce and market this milk rich in me-
latonin. In this way, milk producers will be able to pro-
vide an additional income.
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Pepper is an important variety of vegetable that has economic value in human
nutrition in Turkey and in the world. Continuous changes in producer and con-
sumer demands also create a competitive environment in pepper breeding. Green
pepper cultivation is generally carried out in greenhouse cultivation, and its cul-
tivation has become widespread in open field conditions. In the study, 8 F1 (G12,
G11, K42, B25, L9, Z22, G14 and L10) pepper varieties with superior charac-
teristics were used as plant material. Some plant, leaf and fruit characteristics as
well as yield and quality parameters were examined. As a result of the principal
components analysis (PCA) made using theese measurements and observations,
the study was explained variations in 6 components at a high rate of 97.94%.
G11 and G12 cultivar candidates are located in the positive region of both com-
ponents in the Score plot graph drawn from the first two components which
means that these two candidates showed the highest performance among those
evaluated ones. These cultivar candidates showed superior characteristics in
terms of yield, fruit weight, fruit width, TTS, pH, L and b parameters. It is
thought that these cultivar candidates can be grown in open land conditions hav-
ing semi-arid climates such as Konya and will contribute to the country's agri-
culture production.

1. Introduction

Pepper belongs to the Solanaceae family and is a va-
riety of vegetable that is widely consumed in the world
and has high economic value. It has been reported that
the homeland of pepper, which has been cultivated since
the 15th century, is Central and South America (Pick-
ersgill, 1997). According to 2019 data, 38.027.167 tons
of pepper was produced in an area of 1.990.926 hectares
in the world. In the world pepper production amount,
China ranks first with 18.978.027 tons, Mexico ranks
second with 3.238.245 tons, and Turkey ranks third with
2.625.669 tons (FAO, 2019). Considering 2020 data of
Turkey, 1.291.091 tons of capia (oil-salt paste), 389.957
tons of bell peppers, 838.890 tons of green peppers,
116.967 tons of charliston peppers are produced, and it
constitutes 8.4% of our country's vegetable production
(TUIK, 2020).

Pepper is used in human nutrition, fresh, cooked,
pickled, canned, dried, etc. It is a type of vegetable that
is widely consumed in the form of a vegetable, and it has

* Corresponding author email: mseymen@selcuk.edu.tr

been reported that 100 grams of pepper contains 22 cal-
ories, 1 g protein, 0.1 g fat, 4.4 g carbohydrates, 1 g cal-
cium, 1 g phosphorus and 2 g iron. Red, fresh and green
peppers are among the vegetables with the highest
amount of vitamin C (Sevgican, 1999; Dobon-Suarez et
al., 2021).

Biologically, it is known that the flower structure of
pepper is hermaphrodite. Although pepper is a self-pol-
linated species, it is found in foreign pollination at var-
ying rates (3-30%). For this reason, pepper populations
with very different characteristics have spread to differ-
ent parts of Turkey and created rich genetic variation.
Within this rich genetic diversity, Bozokalfa et al.
(2009) revealed that fruit types and plant characteristics
are the main determinants of a genotype that can be in-
tegrated into breeding studies.

In addition to the traditional breeding characteristics
in the cultivation and consumption of pepper worldwide,
market demands and the competition created by this
have led producers to use higher yielding and quality va-
rieties (Kartal, 2021). This had a positive effect on the
development of pepper breeding. Purpose of pepper
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breeding; is to develop hybrid varieties suitable for open
and greenhouse conditions, productive, high quality, re-
sistant to diseases and pests, and able to set fruit in cold
conditions. In addition, one of the features that breeders
and producers emphasize most in pepper breeding is
uniformity (Giilcan, 2020).

The aim of agricultural production is to obtain the
highest yield by providing the necessary inputs for the
plant to reach its yield potential. For this purpose, the
use of hybrid varieties in peppers has increased in recent
years. In hybrid varieties, significant success has been
achieved in the development of demanded varieties and
seed production in terms of yield, quality, durability, ad-
aptation, resistance to diseases and pests (Kaloo, 1988;
Etienne et al., 2018). The degree of kinship of the par-
ents plays an important role in the F1 generation being
superior to the parents in the pepper hybrid cultivar
breeding program. While the heterosis effect is low in
hybrids of genetically very close or very distant lines,
heterosis is higher in hybrids of lines with medium level
of genetic relatedness (Geleta et al., 2004). Heterosis
breeding has an important effect on the development of
high yielding varieties in pepper.

Hybrid cultivar breeding in pepper is one of the is-
sues of economic and strategic importance both at na-
tional and international level. Pepper breeding studies in
Turkey started in the 1980s and many standard varieties
have emerged in the light of these studies (Stirmeli and
Erdogan, 1985; Inan, 1988; Siirmeli and Simsek, 1991;
Ekiz and Kemer, 1995). Although the usage rate of hy-
brid pepper varieties has increased in our country in re-
cent years, the use of varieties developed through selec-
tion is still available. Some of the hybrid pepper varie-
ties developed in Turkey are the varieties developed by
companies operating in our country but of foreign
origin.

Thanks to its high production both in the world and
in our country, pepper has an important place in eco-
nomic terms and also for human nutrition; There is a ten-
dency towards the use of hybrid varieties on the basis of
parameters such as yield, quality, environmental com-
patibility, color and aroma. Although F1 cultivars have
been developed in pepper cultivation, there is still a need
for new F; cultivars with high adaptability in different
ecological conditions. In this study, it was aimed to de-
termine some yield, quality and plant characteristics of
8 F1 pepper cultivars under Konya ecological condi-
tions.

2. Materials and Methods

The research was carried out between May-August
2021 in Selcuk University Faculty of Agriculture, in the
research field. Climatic data of the trial year belonging
2021 were taken from the climate station located in the
trial area, and some climate data were recorded during
the trial season. When Table 1 is examined, the highest
temperature was 40.3 °C in June. The lowest
temperature was 4.9 °C in September, and the average
temperature was between 17.3-23.8 °C. The highest
precipitation occurred in August and September. As a

result of the soil analysis, it has a pH 7.8 organic matter
1.2% and a clay-loam structure without salinity
problem.

Table 1

Variations of meteorological parameters of region dur-
ing experimental years

Mean

Max. Min.  Mean wind Precipita-
Mon. Temp Temp Temp speed tion

O (O €O gy (mm)
May 35.9 6.7 18.4 24 25
June 40.3 11.2 21.6 0.8 1.4
July 36.2 13.1 23.8 2.8 5.8
Aug. 35.2 12.8 23.7 2.4 134
Sep. 30.2 4.9 17.3 2.3 14.4

In the experiment, eight hybrid cultivar candidates
with having heterosis characteristics, defined by the
codes G12, G11, K42, B25, L9, Z22, G14 and L10,
developed by the Selko-Agriculture company, which
carries out Ar-Ge studies on different vegetable species
in Antalya, were used as plant material.

After the drip irrigation pipes were laid on the land
cultivated in early spring, seedlings were planted on the
row on May 5, 2021. Seedlings were planted in 20 plots
of each genotype, with 80 cm row spacing and 50 cm
row spacing. Irrigation was done with drip irrigation
system at intervals of 5-7 days according to the needs of
the plant. When the plants reach a certain height, throat
filling process was done and hoeing was done 3 times
according to weed growth. 15 days after planting the
seedlings, 3.5 kg da' of MAP (monoammonium
phosphate) and 400 ml of humic acid per decare were
given by drip irrigation system. The second fertilization
was applied on June 11 with the same amount of humic
acid and 200 g potasiyum+magnesium (Potasmag).
Approximately ten days after the seedling planting, the
increase in soil temperature and the "Luna Tranquility"
application, which is effective against root rot, was
applied with drip irrigation based on the soil temperature
rate. Fruits at harvest size in cultivar candidates were
harvested separately from each plot. The first harvest
was made on July 18, and the trial was terminated at the
end of a total of 6 harvests. In order to make
measurements and observations on the fruit, 10 fruits
representing the genotype were sampled and necessary
measurements and observations were made.

In the experiment, the characteristics taken from the
plant, leaf and fruit were determined according to the
International Union for Conservation of New Plant
Varieties (UPOV) feature document. In plants; plant
height (cm), internode length (cm), anthocyanin
coloration at level of nodes, color intensity at the nodes,
hairiness at the nodes, in the leaves; leaf length and
width, leaf color values (L, a*, b*) and fruits; yield per
plant (g), number of fruits (plant), fruit weight (g), fruit
length (cm), fruit width (mm), fruit flesh thickness
(mm), fruit stalk length (mm), fruit stalk thickness
(mm), TTS, pH, fruit anthocyanin coloration, fruit
texture of surface measurements and observations were
taken.
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In the experiment, the standard deviations of the
numerical measurements observed taken from different
cultivar candidates were taken and interpreted.
Observational parameters were tried to be interpreted as
percentages. Yield, quality and plant characteristics
were subjected to PCA in the JMP-14 computer package
program, and the parameters revealing the important
differences between F1 cultivar candidates were
determined. With the Loading Plot and Score Plot plots
drawn from the PC1 and PC2 components from the
analysis, the relationships between the parameters and
the distinctions between the genotypes were revealed.

3. Results and Discussion

In the study, it was observed that the leaf
characteristics of eight different F1 pepper cultivar
candidates were different from each other (Table 2).
When the table was examined, the average leaf length
was found to be 77.2 mm. The longest leaf was found to
be 86.82 mm from the K42 cultivar candidate. When the
leaf width is examined, the average leaf width of the
cultivars is 37.29 mm. The highest leaf width was
determined as 49.87 mm from the K42 cultivar
candidate. The average leaf color L value was found to
be 40.24, and the varietal candidate with the brightest
value was determined as G12 with 42.59 and and the
lowest brightness value was determined as B25 with
38.61 with the lowest brightness. The average leaf color
a* value is -13.98, the cultivar candidate with the highest
value is G12 with -15.01, and the cultivar candidate with
the lowest value is B25 with -12.90. Leaf color b* value
average was 21.27, the highest value was determined to
belong to the G12 variety candidate with 24.53 and the
lowest value was determined to belong to the L10
variety candidate with 18.43. A high value of “L”
indicates a high brightness, a negative value of “a*”
indicates an excess of green color, a positive increase
indicates an increase in redness, a negative increase of
“b*” indicates an increase in yellow color, and a positive
value of blue indicates an increase in intensity (Bosland,
1993). Basak (2019) determined the averages of leaf
length and width (cm) as 6.20-3.63 c¢cm, respectively, in
his study. In another study, leaf widths of 8 types and
129 pepper cultivars were determined as narrow in most
of the cultivars (47.3%), wide cultivars were mostly
block and stuffed types (14%), and very narrow cultivars
were hairy/ornamental types (10.9%). has been
observed. In another study, 67 pepper genotypes; They
Table 2

found that the leaf width was 2.5 cm and the leaf length
was 4.8 cm (Kanal and Balkaya, 2021). The fact that the
genotypes in the gene pools have different
characteristics indicates the richness of the gene pool.
Although the leaf characteristics of the cultivar
candidates differ, similar results were obtained in the
studies.

When Table 3 was examined, differences were
observed between plant heights. The average plant
height is 69.08 cm, and it was stated that the cultivar
candidate with the longest plant height was K42. When
the internode length is examined, the average length is
5.23 cm and the F1 cultivar candidate with the longest
internode length was K42 with 6.7 cm. In a study
conducted in Samsun with 67 pepper genotypes of C.
baccatum; The highest plant height values were
measured in CB-68 (47.1 cm), CB-85 (47.0 cm), CB-21
(46.7 cm), CB-49 (46.6 cm) and CB-28 (46.6 cm)
respectively (Kanal and Balkaya, 2021). Capsicum
species show significant differences in terms of plant
heights. Padilha et al. (2016) The plant heights of pepper
genotypes of C. annuum were 23.12- 48.72 cm and
Sreenivas et al. (2019) stated that it varies between 37.6-
110.6 cm. Basak (2019) determined in his study that the
average plant height and internode length were 60.24
and 5.63 cm, respectively. Although the results of the
research vary according to the genotypes, they generally
support the mentioned literature. Considering the
anthocyanin coloration at level of nodes, it was observed
that there was coloration in all cultivar candidates. It was
determined that the color intensity at the nodes was
medium in five cultivar candidates, weak in two, and
very low in one. No hairiness at the nodes was observed
when looking at all cultivar candidates. Basak (2019)
and Mutlu et al. (2009) found the hairiness rates of the
nodes to be 98% and 85% weak in their study. The
results of the research showed that the hairiness at the
nodes produced similar results. Kanal and Balkaya
(2021), in their examination in terms of stem
anthocyanin coloration; determined that 16.5% of
genotypes did not have anthocyanin coloration. It was
determined that 34.3% of C. baccatum pepper genotypes
had low intensity, 32.8% very intense and 16.4%
medium intensity anthocyanin coloration. Mutlu et al.
(2009) used 185 pepper materials and determined
anthocyanin as 1.08% green, 20% light purple, 52.43%
purple and 26.49% dark purple at the nodes of the
cultivars.

Some leaf measurements and observations of different F1 pepper cultivar candidates in Konya ecological conditions

F, Variety Leaf Length (mm) Leaf Width (mm) Leaf Color L Value Leaf Color a* Value Leaf Color b* Value
G12 84.25+10.20 39.42+4.07 42.59+2.64 -15.01£1.29 24.53+3.78
G11 82.04+8.67 38.45+8.35 41.46+1.29 -14.58+2.52 23.70+0.52
K42 86.82+11.51 49.87+6.46 40.30+1.98 -14.03£1.16 21.47+£2.76
B25 78.72+10.83 35.59+5.11 38.61+4.36 -12.90+3.24 19.04+7.56

L9 74.06+£14.54 36.27+6.99 39.3743.17 -13.4242.43 19.41+4.71

722 68.15+£7.58 32.72+43.57 40.28+3.53 -14.10+2.21 22.23+4.89
Gl4 58.61+8.53 27.77£5.73 40.26£1.57 -14.29+1.34 21.29+2.12

L10 85.02+12.39 38.24+2.30 38.99+1.92 -13.50+1.28 18.43+4.02
Average 77.21 37.29 40.24 -13.98 21.27
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Table 3

Some plant measurements and observations of different F1 pepper cultivar candidates in Konya ecological conditions.

Internode Lenght

Anthocyanin Coloration

Color Intensity at Hairiness at the

F1 Variety Plant Height (cm) (cm) at Level of Nodes the Nodes Nodes
G12 66.4+4.97 4.7+0.97 current medium absent
Gl1 73+9.08 5.3+0.83 current weak absent
K42 79.4+6.58 6.7+0.97 current very low absent
B25 62.8+£5.38 5+0.93 current medium absent
L9 71.8+£3.03 5.2+1.15 current medium absent
Z22 62.8+£2.58 54+0.61 current medium absent
Gl14 64.4+6.10 5.3+0.90 current weak absent
L10 71+2.64 4.7+0.75 current medium absent
Average 69.08 5.23 - - -

When Table 4 is examined, the average yield per
plant is 905.86 g, the highest with 1103.40 g and G11
variety candidate and the lowest with 526.85 g G14 va-
riety candidate. The average number of fruits per plant
was determined as 64.22, the highest number of fruits
was determined as 86.29 with K42 and the least number
of fruits with 42.69 as G14 variety candidate. Average
fruit weight was observed as 16.60 g, and it was deter-
mined that the cultivar candidate with the heaviest fruit
was G11 with 22.52 g. Cherian and Indira (2003), in
their study of 25 different C. chinense Jacq species, de-
termined the number of fruits per plant as 4.0-63.5 and
yield per plant as 12.0-185.0 g. In a study conducted in
another Capsicum species, the average fruit width val-
ues in C. baccatum pepper genotypes were measured be-
tween 6.3-26.3 mm (Kanal and Balkaya, 2021). Capsi-
cum species show significant differences in terms of
fruit number and yield per plant. In the study conducted
with domestic, hybrid and standard pepper varieties;
Yield averages per plant varied between 541.4 g/plant
(Bozdogan population) and 203.3 g/plant (Yenipazar
population). It has been stated that the hybrid variety
gives an average value of 344.4 g/plant (Giilcan, 2020).
Padilha et al. (2016) in their studies; the highest fruit
number per plant was P138 genotype with an average of
890, and P143 genotype with an average yield per plant
of 510. They reported that the genotype with the highest

Table 4

fruit weight emerged as P202 with 17.33 g per fruit. It is
seen that there are differences between yield and yield
components among the various studies. These differ-
ences are thought to be caused by cultivars, ecological
factors and growing conditions. When the fruit lengths
are examined, the average is 17.17 cm, the variety can-
didate with the longest fruit length is G14 with 18.3 cm,
and the variety candidate with the shortest fruit length is
G12 with 16.1 cm. The average fruit width is 16.55 mm,
the largest fruit width is L10 with 18.07 mm, and the
lowest fruit width is B25 with 15.45 mm. The average
fruit flesh thickness was 2.34 mm, and the cultivar can-
didate with the thickest flesh was determined as Z22
with 2.89 mm. Basak (2019) determined the average
fruit length, fruit diameter, and fruit flesh thickness to be
15.97 cm, 15.98 mm, and 1.89 mm, respectively. In the
study conducted on 45 chilli pepper genotypes, they
found fruit length of 13.92-95.26 mm and fruit diameter
of 5.26-15.92 mm (Sreenivas et al., 2019). In his study,
Giilcan (2020) determined fruit length of 10.6-13.3 cm,
fruit diameter of 18.8-25.1 mm and fruit flesh thickness
in the range of 2.2-2.8 mm. Binbir (2010), in their study
on 26 different pepper populations and three different
standard pepper varieties, found the average fruit length
of 12.34 c¢cm, width of 3.5 cm and weight of 42.20 g.
Fruit lengths and widths in pepper are directly related to
harvest time and genetic structure.

Yield and some fruit measurements of different F1 pepper cultivar candidates in Konya ecological conditions

F1 Variety Yield per Plant Number of Fruits Fruit Weight Fruit Length Fruit Width Fruit Flesh

(9) (plant) (9) (cm) (mm) Thickness (mm)
G12 1073.20 74.00 17.68 16.1£0.916 17.096+1.52 2.34+0.47
Gl1 1103.40 61.40 22.52 16.8+1.12 17.14+1.38 2.04+0.44
K42 1006.14 86.29 13.82 16.3£1.98 15.6743.32 2.13+0.22
B25 816.47 57.53 15.18 18.2+0.67 15.45+0.81 2.05+0.31
L9 902.93 67.07 15.77 16.5+1.37 16.91£3.08 2.47+0.11
Z22 842.07 55.60 16.47 17.3+0.44 16.64+1.102 2.89+0.38
Gl4 526.85 42.69 14.60 18.3+£1.432 15.5£1.75 2.76+0.49
L10 975.85 69.15 16.78 17.9+2.45 18.07+2.00 2.06+0.18
Average 905.86 64.22 16.60 17.17 16.55 2.34
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Table 5

Some fruit measurements and observations of different F1 pepper cultivar candidates in Konya ecological conditions

Fruit Stalk Length ~ Fruit Stalk Thickness

F1 Variety TTS pH Fruit Anthocyanin Coloration  Fruit Texture of Surface
(mm) (mm)
G12 32.17+4.13 4.51+1.08 4.9 5.96 absent wrinkled
Gl1 30.54+1.48 3.69+0.43 5 5.52 absent straight
K42 30.28+2.45 3.59+0.31 4.6 5.68 absent straight
B25 29.47+5.11 3.70+0.47 4.1 5.62 absent wrinkled
L9 32.44+1.45 4.46+0.79 5.1 5.79 absent S. wrinkled
722 43.07+11.64 3.80+0.32 4.8 5.92 absent straight
G14 31.66+4.44 4.33+0.40 4.5 5.42 absent S. wrinkled
L10 35.23+3.15 3.65+0.43 5.1 5.91 absent wrinkled
Average 33.11 3.97 4.76 5.73 - -

When Table 5 is examined, it has been observed that
the average fruit stalk length is 33.11 mm, the highest
stalk length is Z22 with 43.07 mm and the lowest stalk
length is 29.47 mm with B25 variety candidate. The av-
erage fruit stalk thickness was 3.97 mm, the highest stalk
thickness was obtained from the G12 variety candidate
with 4.51 mm and the lowest fruit stalk thickness was
obtained from the K42 variety candidate with 3.59 mm.
It has been determined that fruit stalk lengths vary be-
tween 18.5-71.1 mm in pepper genotypes of C. bacca-
tum (Kanal and Balkaya, 2021). Tas (2020) reported that
fruit stalk lengths in pepper genotypes of the C. chinense
species ranged between 19.9-61.9 mm. Basak (2019)
found the fruit stalk length as 4.15 cm and stalk thick-
ness as 4.14 mm in their study. In another study, it was
reported that the length of the fruit stalk varied between
25.5-32.7 mm (Giilcan, 2020). Ermis et al. (2019) meas-
ured the fruit stalk thickness between 2.4-10 mm. Con-
sidering the studies, fruit stalk length and fruit stalk
thickness are approximately similar. The mean TTS

Table 6

value was 4.76, the highest TTS value was determined
as 5.1 in L9 and L10 cultivar candidates, and the lowest
TTS value was determined in B25 cultivar candidates
with 4.1. Average pH value was 5.73, G12 variety can-
didate with the highest pH value of 5.96 and G14 variety
candidate with the lowest pH value of 5.42. Although
the high amount of TTS is a desirable feature especially
in the tomato paste industry, this is also true for sharp
peppers used for drying and industrial purposes. Basak
(2019) found the amount of TTS in the range of 2.7-
6.3% in her study. Similarly, Karaaga¢ and Balkaya
(2010) reported that the amounts of TTS varied between
5.0-7.6%. Ontiirk (2018) found in his study that the pH
values of pepper populations varied between 4.83 and
5.59. Fruit anthocyanin coloration was not observed in
any F1 cultivar candidate. Fruit surface structure was ob-
served as 3 straight, 3 wrinkled and 2 slightly wrinkled
in 8 cultivar candidates. Mutlu et al. (2009) reported that
most peppers did not have anthocyanin coloration in
their study.

Principal component analysis of yield, quality and morphological characteristics of different F1 pepper cultivar candidates

under Konya ecological conditions

Items PC1 PC2 PC3 PC4 PC5 PC6
Eigenvalue 6.41 4.26 3.42 1.81 1.63 1.03
Percentage of variance 33.77 22.46 18.04 9.57 8.62 5.46
Cumulative variance 33.77 56.24 74.28 83.85 92.48 97.94
Eigenvectors

YL 0.355 0.114 0.142 -0.068 -0.089 -0.139

NF 0.341 -0.079 0.145 0.124 0.264 -0.086

FW 0.153 0.248 -0.049 -0.303 -0.476 0.072

FL -0.320 -0.115 0.110 -0.097 -0.280 -0.026

FWi 0.149 0.331 0.256 0.027 -0.179 0.276
FFT -0.221 0.180 -0.265 0.382 0.141 0.059

FSL -0.092 0.258 0.023 0.556 -0.186 -0.180
FST -0.094 0.237 -0.139 -0.151 0.538 0.305
TTS 0.183 0.305 0.087 0.155 -0.074 0.541

pH 0.104 0.278 0.267 0.320 0.226 -0.273

FTS -0.156 0.077 0.290 -0.362 0.383 0.044

PH 0.317 -0.175 0.003 0.108 0.002 0.436

IL 0.167 -0.360 -0.216 0.219 0.067 0.093

CIN -0.163 0.312 0.309 -0.043 0.066 -0.160

LL 0.327 -0.048 0.252 -0.135 0.007 -0.215

LW 0.347 -0.182 0.079 0.083 0.123 -0.138

L 0.191 0.248 -0.338 -0.172 0.094 -0.156

a -0.157 -0.243 0.378 0.096 -0.033 0.044

b 0.164 0.215 -0.391 -0.119 -0.016 -0.272

*YL (Yeld per plant), NF (Number of Fruits), FW (Fruit Weight), FL

(Fruit Length), FWi (Fruit Width), (FFT) Fruit Flesh Thickness, (FSL)
Fruit Stalk Length, (FST) Fruit Stalk Thickness, FTS (Fruit Texture of Surface), (PH) Plant Height, (IL) Internode Lenght, (CIN) Color Intensity at the
Nodes, (LL) Leaf Length, (LW) Leaf Width, (L) Leaf Color L Value, (a) Leaf Color a* Value, (b) Leaf Color b* Value
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Leaf, plant and fruit characteristics measurements
obtained from eight different F; pepper cultivar candi-
dates were subjected to PCA in the study (Table 6). As
a result of the analysis, 6 independent principal compo-
nent axes were obtained regarding the 19 identification
features examined. These axes represented 97.94% of
the total variation. The eigen values of the first 6 com-
ponents were found to be between 1.03 and 6.41. The
fact that the Eigen values are greater than 1 indicates that
the weight values of the component are reliable (Mo-
hammadi and Prasanna, 2003; Seymen et al., 2019; Sey-
men, 2020; Yavuz et al., 2020; Yavuz et al., 2021). In
studies, it is reported that it is reported that when more
than 25% of total variation explains in the first two com-
ponents, it could be used for PCA (Mohammadi and
Prasanna, 2003; Seymen et al., 2019; Yavuz et al.,
2021). It is obvious that the strong explanation of PCA
will give important results about the usability of this
analysis and the parameters looked at.

As a result of PCA, the first component (PC1) ex-
plained 33.77% of the study, while yield per plant, num-
ber of fruits, pH, leaf length and leaf width explained
positively, in this component, whereas fruit length was
the parameters described in the negative direction in this
component. The second component (PC2) explained
22.46% of the study; fruit width, TTS and color intensity
at the nodes explained positively in this component,
whereas internode length explained negatively in this
component. The third component (PC3) explained
18.04% of the study; color intensity at the nodes and leaf
color a* value was the parameters that explained it pos-
itively inthis componentwhereas leaf color L value and
leaf color b* value was places in the negative direction
of component. The fourth component (PC4) explained
9.57% of the study; fruit flesh thickness, fruit stalk
length and pH were positively described in this compo-
nent whereas fruit weight and fruit texture of surface
were negatively described parameters in this compo-
nent. Fifth component (PC5) explained 8.62% of the
study; fruit stalk thickness and fruit texture of surface
explained positively in this component, fruit weight neg-
atively explained variable inthis component. The sixth
component explained 5.46% of the study; fruit stalk
thickness, TTS and plant height were the parameters that
explained positively inthis component. In studies on
pepper characterization, Zewdie and Zeven (1997) re-
ported that the first six PC factors represented 58% of
the total variation, Rivera Martinez et al. (2004) reported
that the first three basic components accounted for 72%
of'the total variation. Keles (2009) performed PCA anal-
ysis in terms of 25 traits that he addressed in his study
on the characterization of pepper genotypes, and as a re-
sult of the analysis, Keles (2009) determined that the
first three PC axes covered 50% of the cumulative vari-
ation. In another study, as a result of PCA, which in-
cluded 34 morphological features of pepper samples, it
was determined that PC with 9 factors explained 85.35%
of the total variation (Binbir, 2010). PCA is used as an
important and descriptive analysis method for compar-
ing multiple data and defining genetic pools.
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Figure 1
Loading Plot drawn from PC1 and PC2 as a result of the
principal component analysis made from the yield, qual-
ity and morphological characteristics of different F1 pep-
per cultivar candidates in Konya ecological conditions
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Figure 2

Score Plot plot drawn from PC1 and PC2 as a result of
the principal components analysis of yield, quality and
morphological characteristics of different F1 pepper cul-
tivar candidates under Konya ecological conditions

Using PC1 and PC2 components, a loading plot was
created to examine the interrelationship between plant,
leaf and fruit characteristics (Figure 1). It has been re-
ported that if the angle between the vectors in the figure
is <90°, there is a positive relationship, if it is >90°, there
is a negative relationship, and if the angle between the
vectors is 90°, there is no significant relationship (Yan
and Kang, 2002; Yavuz et al., 2020; Seymen, 2021).
When the figure is examined, a strong positive correla-
tion was found between the parameters FW, FWi, TTS,
pH, L and b*. In addition, there was a strong positive
correlation between FST, FSL, CIN, FFT, and FTS,
while these parameters were negatively correlated with
IL.

A score plot was created for the evaluation of eight
different F1 pepper cultivar candidates using PC1 and
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PC2 components (Figure 2). Considering the positive re-
gion of both components, G11, G12 and L10 cultivar
candidates showed significant results in terms of yield
and quality. G11 and G12 cultivar candidates YL, FWi,
FW, pH, L, and b* parameters were the parameters that
obtained high values and differentiated G11 and G12
cultivar candidates from the other groups.

4. Conclusion

The differences in yield, fruit, leaf and plant charac-
teristics of eight different F1 pepper cultivar candidates
were evaluated in Konya ecological conditions. As a re-
sult of PCA, the study was explained at a high rate of
97.94% in 6 components. G11 and G12 cultivar candi-
dates located in the positive region of both components
in the Score plot graph drawn from the first two compo-
nents that explained the study the most were determined
as superior cultivar candidates. These F1 cultivar candi-
dates showed superior characteristics in terms of yield,
fruit weight, fruit width, TTS, pH, L and b* parameters.
It is thought that these F1 cultivar candidates can be
grown in open land conditions in regions such as Konya
with semi-arid climates and will contribute to the coun-
try's agriculture production.
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Aim of the present research was evaluation of growing some legume
forage crops as second crop following to cereal harvest under irrigated
conditions. Field trial was realized under Seydisehir Town — Konya City
/ Turkey ecological conditions for 2 years during the both vegetation
periods of 2019-2020 years by 4 replications according to randomized
blocks design. As material; forage pea (Pisum sativum L.), soybean (Gly-
cine max. L.), hairy vetch (Vicia villosa Roth.), common vetch (Vicia
sativum L.), and fenugreek (Trigonella foenum-graecum L.) were used.
According to the results of the research, statistically significant differ-
ences were found for plant height and green herbage yield as mean of
the years. The obtained data also showed that the highest plant height
and green herbage yield were taken from forage pea and common vetch.
Additionally, plant height was between 126.76-117.94 cm values for pea
and common vetch, while green herbage yield was 3085.50 and
2788.63 kg da* for pea and common vetch, respectively. Consequently,
legume forage crops as second crop following to the harvest of cereals

may be successfully grown under irrigated conditions.

1. Introduction

Legume forage crop growing is essential to decrease
the feeding costs that approximately 70% in livestock
enterprises (Parlak and Sevimay 2007; Algicek et al
2010; Sabanci et al 2010, Ozkan and Demirbag 2016).
In some cases, roughage is indispensable for livestock
enterprises which is provided from pastures that has low
yield, the hay of main crops, straw, and stem (Ag¢ikgoz
et al 2005; Ozkan and Demirbag 2016). According to
various reports, the productivity potential of livestock
consuming these kind of forage crops is low (Algigek et
al 2010; Gé¢men and Parlak 2017) and excessive usage
of concentrated feed is increased the feeding costs
(Acikgoz et al 2005). In recent years, there is a need for
farmers to produce their feed in closed system livestock
(Sabanci et al 2010).

Previous studies that forage crops can be success-
fully grown as the main crop and second crop as well
under several ecological conditions (A¢ikgoz et al 2005;
Acar et al 2007). Nevertheless, non-competitive forage
crops comparing to other crops are more grown as a by-
product, second crop or intercropping (Ag¢ikgéz et al

*Corresponding author email: aliozel42@gmail.com

2005; Algicek et al 2010). Deep root system and leg-
umes performing high biomass that is quite important by
view of agriculture welded by their benefits like protect-
ing and improving the soil and increasing organic matter
of the soil, in addition to production of forage (Anony-
mous 2000; Cecen et al 2005; Zai et al 2008; Ozyazici
et al 2009; Ceyhan et al 2014; Kahraman 2017). There-
fore, the ratio of forage crops should be increased to pro-
vide the need of desired quality roughage and also pro-
tect the health of soil. These crops should be concen-
trated on their cultivation opportunities as a by-product,
second crop, or intercropping to increase the cultivation
area of non-competitive forage crops compared to other
crops (Acikgoz et al 2005). In particular, agricultural
lands that have the opportunity to irrigate remains fal-
lowing lands for 3-4 months after the barley harvest in
Konya (Ozer 1992; Acar 1995; Acar et al 2007; Parlak
and Sevimay 2007; Kahraman and Onder 2018). In this
period, pastures are the inefficient period in similar ecol-
ogies (Ozer 1992; Acar 1995), when it is hard to find out
green fodder (Sabanci et al 2010).

Growing legume forage crops as the second crop af-
ter harvesting of cereals have been extensively exam-
ined b by many researchers as Ozer (1992), Acar (1995),
Kerimbek and Miilayim (2003), Asic1 (2006), Tagpinar
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et al (2009), Dereli (2015), ileri et al (2020). For in-
stance, Ozer (1992) suggested that legumes can be suc-
cessfully grown by direct sowing in the July-October pe-
riod after wheat harvest in Konya ecological conditions.
Another similar study by Acar (1995) recommended
fenugreek, common vetch, and mixtures of field pea+oat
in irrigable fields in the July-October period after barley
harvest under conditions of Konya and similar ecologies
in an attempt to produce high-quality roughage. Report
by Kerimbek and Miilayim (2003) implicated that maize
alone or a mixture of maize, common vetch and peas can
be grown after grain harvest in Konya conditions to ob-
tain green herbage yield and silage. Additionally, Asici
(2006) implied that growing of pea can be arranged after
wheat harvest in Seydisehir Town — Konya City ecolog-
ical conditions in an attempt to produce high-quality
roughage. The study of Tagpinar et al (2009) reported
400 kg da? green yield of common vetch after cereal
harvest under conditions of Eskisehir. In a recent study,
Dereli (2015) emphasized that annual forage legumes
can be grown in the July-October period after barley har-
vest in Eskisehir conditions. A recently study by Ileri et
al (2020) reported the possibility of the cultivation of an-
nual forage legumes after wheat harvest under condi-
tions of Eskisehir. In light of the mentioned studies, it is
possible to grow short-vegetation forage legumes under
irrigated conditions in this period (Acar 1995; Kerimbek
and Miilayim 2003; Cegen et al 2005; Acar et al 2007;
Parlak and Sevimay 2007).

For the mentioned reasons above, aim of the present
research is to determine the most suitable legume forage
crop that can be grown for roughage as a second product
in the period after the grain harvest in irrigated agricul-
tural lands in Konya - Turley ecological conditions.
Therefore, the results of the present research will con-
tribute to the scientific literature by providing the rough-
age demand for the livestock enterprises. Furthermore,
evaluation of legume forage crops as second crop will
add new knowledge to the literature and new insights to
the relative researchers.

2. Materials and Methods

Present research was conducted to determine the best
legume forage crops as the second crop after harvesting
of cereal (barley) under irrigated conditions, between
July and September for 2 years during both 2019 and
2020 vegetation periods. Field experiment was realized
in a farmer’s field under the ecological conditions of
Seydigehir Town of Konya City in Turkey. Field trial
was set up according to randomized blocks design with
4 replications, by each experimental plot covering 8 m?
(4m x 2m) total area. Each plot consisted from 10 rows
by 20 cm of spaces.

According to long-term (1964-2021) climate data
(data collected from: Konya Meteorology 8th Regional
Directorate), the average of total annual rainfall of Sey-
disehir is 742.9 mm, the average temperature is 10.8°C
and the average relative humidity is 62.1%. Similar with
the long term climatic period, 279.4 mm, 15.6°C, and

56.9 % were detected respectively during the period of
experiment in 2019 year. Total rainfall, relative temper-
ature, and relative humidity were 585.6 mm, 12.4°C, and
58.7 % respectively during the period of experiment in
2020 year. Experiment soil was characterized as fol-
lows: loamy structure, neutral reaction (pH 7.27), lower
level of organic matter (0.88 %), enough level of phos-
phorus (17.07 kg da?), higher content of potassium
(109.71 kg dal), and a higher level of lime (2.34%). The
aim of present research is the determination of the most
suitable legume forage crop that can be grown for de-
sired roughage qualifications as a second product in the
period after the grain harvest in irrigated agricultural
lands in Konya conditions.

As material of the study, Ozkaynak cultivar of forage
pea (Pisum sativum L.), Yemsoy cultivar of soybean
(Glycine max. L.), Munzur-98 cultivar of hairy vetch
(Vicia villosa Roth.), Kubilay-82 cultivar of common
vetch (Vicia sativum L.), and population of fenugreek
(Trigonella foenum-graecum L.) were used. Sowing of
the seeds were made by hand in the first week of July in
each experimental year (2019 and 2020). Seeding rates
were applied that 15 kg da* for forage pea (Turgut et al
2005), 8 kg da* for fenugreek (Acar 1995), 12 kg da™*
for common vetch (Ay and Mut 2017), 12 kg da* for
hairy vetch, 10 kg da* for soybean (Bilgili et al 2005).
Fertilizer was applied that before sowing at the rate of 4
kg da* N with 20.20.0 fertilizer (Ulger et al 1999; Polat
and Almaca 2006). Depending on soil and plants condi-
tions, irrigations were done 5 times in total for both of
the experiment years. Weed control was done by hand.
Legume forage crops were harvested by hand in mid-
September in each experimental year.

In the research, plant height (cm) was calculated by
measuring and get average the heights from the soil sur-
face to the plant top point of 10 plants in total (Dogan
and Terzioglu 2019). In experimental plots, 50 cm sides
from the two rows and the two ends of the rows were
taken as side factor and ignored for all the measure-
ments, observations and analysis. Harvesting was per-
formed on a remaining area of 1 m? and samples from
each plot were weighed to get green forage yields. Plot
yields were converted into yields per decare (Acar 1995;
Ceri and Acar 2019). Green forage samples (1 kg from
each plot) were dried at 70°C for 48 hours and weighed
to get hay yields. Then, yields were converted into hay
yields per decare (Anonymous 2019).

The investigated data were subjected to variance
analysis by computed based statistical program
“MSTAT-C” by randomized blocks design with 4
replications. According to the analysis of variance
results, statistically significant factor means were
compared by the LSD test (Ceri and Acar, 2019).
Grouping test was realized according to significance
level.

3. Results and Discussion

3.1. Plant Height (cm)
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Analysis of variance results related to plant height is
given in Table 2. As it is shown in Table 2, according to
legume plant species there were statistically significant

differences at 1% level for plant height. Statistically

Table 2

insignificant differences were found for year and year x
plant interactions.

Analysis Of Variance Regarding Plant Height Values In Legumes

Source of variation Degrees of freedom Sum of squares F value
Replication 3 75.089 1.2384
Year (A) 1 104.763 1.7277
Plant (B) 3 4246.772 70.0377 **
Year x Plant 3 77.994 1.2863
Error 21 60.636 -
General 31 -

CV %: 7.54, (**) shows that the difference between treatments is significant at the 1% level.

According to the year factor of present research, av-
erage values and LSD groups found for plant height are
given in Table 3. According to these results, the highest

value was obtained with 126.76 cm and 117.94 cm from
forage pea and common vetch respectively while the
lowest plant height was obtained with 90.90 cm and
77.34 cm from soybean and fenugreek respectively.

Table 3
Plant Height Values in Legumes (cm)
Years

Plants [ Year T Year Average
Common vetch 119.93 115.95 11794 a
Fenugreek 75.63 79.05 77.34c¢c
Field pea 127.88 125.65 126.76 a
Soybean 96.75 85.05 90.90 b
Average 105.04 101.43 103.23

LSDrianss: 11.02, Lettering was done according to the significance in the analysis of variance.

The plant height of common vetch was measured
115.95-119.93 cm respectively in 2019 and 2020 re-
search years. The average plant height of common vetch
also was measured 117.94 cm in our study (Table 3).
Ozer (1992), Acar (1995), and Kerimbek and Miilayim
(2003) reported the plant height of common vetch that
cultivated after cereal harvest, as 58.00 cm, 116.44 cm,
63.24 cm respectively under the conditions of Konya.
Dereli (2015) detected that the plant height of common
vetch cultivated after cereal harvest ranged between
72.21-83.00 cm under the conditions of Eskisehir. Ac-
cording to these results, the results of Acar (1995) are
similar to the findings in our investigation. On the other
hand, our research findings are higher than those of Ozer
(1992), Kerimbek and Miilayim (2003), Dereli (2015).

According to Table 3, the plant height of fenugreek
was measured as 75.63-79.05 cm in 2019 and 2020,
respectively. The average plant height of fenugreek also
was measured as 77.34 cm in our study (Table 3). Acar
(1995) reported the plant height of fenugreek that
cultivated after cereal harvest, as 75.55 cm under the
conditions of Konya. Boran (2011) detected that the
plant height of fenugreek was 36.58 cm under the
conditions of Ankara. Hosamath and Hedge (2018)
reported the plant height of fenugreek ranged between
72.21-83.00 cm under the conditions of India. In another
study conducted by Alp (2019), the plant height of
fenugreek was determined that range between 20.47-

38.63 cm conditions of Sanliurfa. Our results related to
a plant height of fenugreek were similar to values
reported by Acar (1995), Hosamath, and Hedge (2018).
But it is higher than those reported by Boran (2011), Alp
(2019).

Present research showed the plant height values of
forage pea as 127.88 cm in the first research year, as
125.65 cm in the second research year. The average
plant height of forage pea also was measured at 126.76
cm in our study (Table 3). Ozer (1992), Acar (1995), and
Kerimbek and Miilayim (2003) reported the plant height
of forage pea cultivated after cereal harvest, as 53.00 cm,
109.44 cm, 81.27 cm respectively under the conditions
of Konya. In the similar study conducted under condi-
tions of Seydisehir, Asici (2006) reported the plant
height of forage pea ranged between 72.21-83.00 cm.
Also, the plant height of forage pea cultivated as the sec-
ond crop in conditions of Konya was measured by
Ozdemir (2019) between 43.3-105.0 cm. On the other
hand, Dereli (2015) and {leri et al (2020) reported the
plant height of forage pea cultivated after cereal harvest,
as 119.8 cm and 114.78 cm, respectively under the con-
ditions of Eskisehir. According to these results, the re-
sults of Acar (1995), Asict (2006), Dereli (2015),
Ozdemir (2019), and ileri et al (2020) are similar to the
findings in our investigation. But it is higher than those
reported by Ozer (1992), Kerimbek, and Miilayim
(2003).
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Table 3 presents that, the plant height of soybean was
measured as 96.75-85.05 cm in 2019 and 2020,
respectively. The average plant height of fenugreek also
was detected as 90.90 cm in our study (Table 3). Ada et
al (2009) reported that the plant height of soybean was
76.8 cm in their study under the conditions of Konya. In
the study that carried out on soybean in conditions of
Bursa, plant height was measured as 98.3 cm by Sincik
et al (2009), while Senbek and Agikgoz (2019) reported
plant height as 81.2 cm under similar conditions. On the
other hand, Erdogdu et al (2013) determined 52 cm plant
height from soybean under the conditions of Ankara,
while Sahar (2017) reported that plant height soybean
that cultivated as a second crop under the conditions of
Adana, ranged from 110.5-158.0 cm. Plant height of
soybean was reported that ranged from 91.40-114.97 cm
by Boydak et al (2018) under the conditions of Bingdl.
According to the results obtained in these studies, our
research findings are higher than those of Ada et al
(2009) and Erdogdu et al (2013), while being lower than
those of Sahar (2017), and also Boydak et al (2018) as
well. On the other hand, the results of Sincik et al (2009),
Senbek and Ac¢ikgoz (2019) are similar to the findings
in our investigation. It was indicated that; in general,
plant height of forage type soybeans cultivars is much
higher than soybean genotypes (Senbek and Acikgdz
2019; Agikgoz et al 2020).

Data of the present research showed that higher
value of plant height from forage pea and common vetch
compared with other plants in our study. In general for
forage crops, due to the close relationship between green
herbage yield and plant height, high plant height is a
desirable characteristic (Ozkdse 2017).

As a comparison of present data, it can be seen that
different results have been obtained. It is thought that the
differences between our research findings and the
findings in the literature are due to the ecological
conditions in which the experiments were carried out,
the genetic structure of the varieties, agricultural
practices, and the purpose of cultivation.

3.2. Green Herbage Yield (kg da)

Variance analysis results related to green herbage
yields of legumes is given in Table 4. As it is appeared
in Table 4, according to legume plant species there were
statistically significant differences at 5 % level between
green herbage yields, while according to year x plant
interactions there were statistically significant
differences at 1 % level between green herbage yields.
Statistically significant differences were not observed
between green herbage yields of legumes, in terms of
years.

Table 4

Analysis Of Variance Regarding Green Yield Values In Legumes

Source of variation Degrees of freedom Sum of squares F value
Replication 3 529110.417 3.0429
Year (A) 1 499500.125 2.8726
Plant (B) 3 1356779.417 7.8027 **
Year x Plant 3 651517.042 3.7468 *
Error 21 173885.012

General 31

CV %: 16.04 (*) while showing that the difference between treatments is significant at the 1% probability limit. (**) shows that the difference between treatments

is significant at the 5% probability limit.

Data of the present research showed that, average
values of green herbage yields and LSD groups found
for green herbage yields are given in Table 5. According
to these results, the highest green herbage yield of the
legumes was obtained with 3085.50 kg da* from forage

pea and it was followed by common vetch by 2788.63
kg dal. The lowest green herbage yield was obtained
from soybean by 2199.38 kg da*, while the green herb-
age yield of fenugreek was observed at 2322.50 kg da*
(Table 5).

Table 5
Green Herbage Yields Of Legumes (kg dat)

Years
Plants [Year T Year Average
Common vetch 2762.00 ab 2815.25 ab 2788.63 ab
Fenugreek 2138.50 cd 2506.50 bc 232250 b
Field pea 3341.00 a 2830.00 ab 3085.50 a
Soybean 2654.25 bc 174450 d 2199.38 b
Average 2723.94 2474.06 2599.00

LSDpiants:11.02, LSDyn: 613.2, Lettering was done according to the significance in the analysis of variance.

As the first and second years of the present study, the
green herbage yield of common vetch was obtained that
2762.00 kg/ In our research in the first and second years,
the green herbage yield of common vetch was obtained

that 2762.00 kg da* and 2815.25 kg da respectively.
The average green herbage yield of common vetch also
was measured at 2788.63 kg da* in our study (Table 5).
Some researchers have determined different values for
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green herbage yield of common vetch that cultivated af-
ter cereal harvest. For example, Ozer (1992), Acar
(1995), Kerimbek and Miilayim (2003) reported that the
green herbage yields of common vetch that cultivated
after cereal harvest, as 2297.3 kg da, 2128.55 kg da’,
1204.0 kg da? respectively under the conditions of
Konya. Also, in the studies conducted after cereal har-
vest under the conditions of Eskisehir, green herbage
yield of common vetch was detected by Dereli (2015)
and Tagpnar et al (2009), between 352.8-552.3 kg da
and 400 kg dal, respectively. According to these results,
while the average green herbage yield of common vetch
was similar to the values found by Ozer (1992) and Acar
(1995) it was higher than the values reported by the re-
searchers of Kerimbek and Miilayim (2003), Dereli
(2015), Taspinar et al (2009).

As it seen on Table 5, green herbage yield of fenu-
greek were measured as 2138.50-2506.50 kg da? in
2019 and 2020, respectively. The average green herbage
yield of fenugreek also was detected as 2322.50 kg da™*
in our study (Table 5). Acar (1995) reported the green
forage yield of fenugreek that cultivated after cereal har-
vest, 2871.97 kg da! under the conditions of Konya.
Karadag and Biiyiikburg (1999) were determined the
herbage yield as 1006.77 kg da* from fenugreek that is
grown as a spring crop in Tokat. In other research, Alp
(2019) obtained ranging from 60.04-2156.50 kg da’
green herbage yield from fenugreek under the conditions
of Sanlurfa. In different studies that related to the herb-
age vield of fenugreek were obtained different results.
For example, in Western Canada, between 795.7-1644
kg da green herbage yield was obtained from fenugreek
(Basu et al 2009), while in Irag, 1483-2040 kg da™* green
herbage yield was obtained from fenugreek (Said et al
2019). it is seen that in the other studies, there was a sig-
nificant variation in the green herbage yield of fenu-
greek. According to these results, our findings that for
green herbage yield of fenugreek were higher than the
values reported by the researchers Basu et al (2009), Alp
(2019), Said et al (2019), while our findings were lower
than those of Acar (1995).

Present research showed that, the green herbage
yield of forage pea was determined as 3341.00 kg da* in
the first research year, as 2830.00 kg da* cm in the sec-
ond research year. The average green herbage yield of
forage pea also was measured at 3085.50 kg da™* in our
study (Table 5). Ozer (1992), Acar (1995), and
Kerimbek and Miilayim (2003) reported the green herb-
age vyield of forage pea that cultivated after cereal har-
vest, as 1503.50 kg da!, 2031.51 kg da?, 1416.50 kg da-
! respectively under the conditions of Konya. In the sim-
ilar study conducted under conditions of Seydisehir,
Asic1 (2006) reported the green herbage yield of forage
pea ranged between 2191.80-5191.20 kg da. On the
other hand, Dereli (2015) and fleri et al (2020) reported
the green herbage yield of forage pea cultivated after ce-

real harvest, as 1606.60 kg da™* and 850.14 kg da?, re-
spectively under the conditions of Eskisehir. Also, the
green herbage yield of forage pea cultivated as the sec-
ond crop in conditions of Antalya was measured by
Cecen et al (2005) as 1219 kg da. According to these
results, the results of Asici1 (2006) are similar to the find-
ings in our investigation, while our research findings are
higher than those of Ozer (1992), Acar (1995),
Kerimbek and Miilayim (2003), Cegen et al (2005), Der-
eli (2015) and Ileri et al (2020).

According to Table 5, the green herbage yield of
soybean was measured as 2654.25-1744.50 kg da? in
2019 and 2020, respectively. The average green herbage
yield of soybean also was detected as 2199.38 kg da-1
in our study (Table 5). Erdogdu et al (2013) was
determined the herbage yield as 2101 kg da?® from
soybean that grown on irrigable lands in Ankara. Kokten
et al (2014) obtained ranging from between 1204.7-
1652.7 kg da* green herbage yield from soybean under
the conditions of Bingdl. In different studies that related
to the herbage yield of soybean were obtained different
results. For example, in Bursa, ranged between 1204.7-
1652.7 kg da* green herbage yield was obtained from
soybean that grown as a second crop (Agikgoz et al
2015), while in Adana, ranged between 1904.2-4529.5
kg da* green herbage yield was obtained from soybean
that grown as a second crop (Sahar 2017). On the other
hand, Akinct (2019) was determined the herbage yield
of soybean between 826.39-1199.17 kg da! from
soybean under the conditions of Kayseri, while Senbek
ve Acikgdz (2019) was obtained as 4177.8 under the
conditions of Kayseri. According to these results, our
findings that for green herbage yield of soybean were
higher than the values reported by the researchers
Kokten et al (2014) Akinci (2019), while our findings
were lower than those of Ag¢ikgdz et al (2015), Senbek
and Agikgdz (2019). Also, the results of Erdogdu et al
(2013) with Sahar (2017) are similar to the findings in
our investigation.

By view of the green herbage yield of legume forage
crops, there are differences between the findings in our
investigation and the results of previous studies in the
literature. This can be attributed to the different cultivars
used in this study, the different ecological conditions in
which the experiments were carried out, and possibly to
the different agricultural, practices as compared with the
other studies.

3.3. Hay Yield (kg da®)

Variance analyze results related with hay yields of
legumes is given in Table 6. As it is appeared in Table
6, according to year x plant interactions there were
statistically significant differences at 1 % level between
hay yields. On the other hand, statistically significant
differences were not observed between the hay yield of
plants, in terms of year and legume plant species.



44

Ozel and Acar / Selcuk J Agr Food Sci, (2022) 36 (1): 39-47

Table 6

Analysis Of Variance Regarding Hay Yield Values In Legumes

Source of variation Degrees of freedom Sum of squares F value
Replication 3 22220.769 1.8304
Year (A) 1 10.465 0.0009
Plant (B) 3 5710.915 0.4704
Year x Plant 3 64380.551 5.3033 **
Error 21 12139.606

General 31

CV %: 17.01, (**)shows that the difference between treatments is significant at the 1% probability limit.

According to the two-year average results of our re-
search, although legume plant species hadn't a signifi-
cant statistically effect on hay yield production, while
the highest hay yield was obtained from common vetch

(678.68 kg dah), this was followed by field pea (660.74
kg dal), soybean (629.40 kg dat) and fenugreek (621.68
kg da?) respectively (Table 7).

Table 7
Hay Yield Values Of Legumes (kg da-1)
Years

Plants I.Year Il. Year Average
Common vetch 625.63 ab 731.73 a 678.68
Fenugreek 538.68 ab 704.68 ab 621.68
Field pea 680.55 ab 640.93 ab 660.74
Soybean 74793 a 510.88 b 629.40
Average 648.19 647.05 647.62

LSDi,: 220.6, Lettering was done according to the significance in the analysis of variance.

Common vetch produced hay 625.63-731.73 kg da-
1, respectively period of experiment in 2019 and 2020.
Also, according to the two-year results of our research,
Common vetch produced hay average of 678.68 kg da™*
(Table 7). In previous studies that were conducted on
irrigable lands after cereal harvest under the conditions
of Konya, the values hay yield of common vetch were
determined ranged between 291.6-494.8 kg da™ (Ozer
1992; Acar 1995; Kerimbek and Miilayim 2003). On the
other hand, the hay yield of common vetch that culti-
vated as the second crop in conditions of Antalya was
measured by Cecen et al (2005) 561 kg da?. Our
research findings are higher than those of this study. In
addition to these, A¢ikgoz and Celik (1986) reported as
803.2 kg da! the hay yield of common vetch that culti-
vated on drylands under the conditions of Bursa. While
Egritas (2014) determined ranged between 362.70-
667.13 kg da* the hay yield of common vetch under the
conditions of Ordu, Kavut (2016) reported that as 875
kg da* under the conditions of [zmir. According to these
results, our research findings are lower than those of
Acikgo6z and Celik (1986) with Kavut (2016), while be-
ing similar to the finding of Egritas (2014).

Common vetch produced hay 625.63-731.73 kg da’
1, respectively period of experiment in 2019 and 2020.
Also, according to the two-years results of our research,
Common vetch produced hay average of 678.68 kg da*
(Table 7). In previous studies that were conducted on
irrigable lands after cereal harvest under the conditions
of Konya, the values hay yield of common vetch were
determined ranged between 291.6-494.8 kg da™* (Ozer
1992; Acar 1995; Kerimbek and Miilayim 2003). On the

other hand, the hay yield of common vetch that
cultivated as the second crop in conditions of Antalya
was measured by Cegen et al (2005) 561 kg da. Our
research findings are higher than those of this study. In
addition to these, A¢ikg6z and Celik (1986) reported as
803.2 kg da? the hay yield of common vetch that
cultivated on drylands under the conditions of Bursa.
While Egritas (2014) determined ranged between
362.70-667.13 kg da* the hay yield of common vetch
under the conditions of Ordu, Kavut (2016) reported
that as 875 kg da’ under the conditions of Izmir.
According to these results, our research findings are
lower than those of Acikgdz and Celik (1986) with
Kavut (2016), while being similar to the finding of
Egritas (2014).

Previous research implied that, hay yield values of
forage pea were determined as 680.55 kg da™* in the first
research year, as 640.93 kg da® cm in the second re-
search year. The average hay yield of forage pea also
was measured as 660.74 kg da* in our study (Table 7).
In previous studies that were conducted on irrigable
lands after cereal harvest under the conditions of Konya,
the values hay yield of forage pea were determined
ranged between 297.2-321.08 kg da* (Ozer 1992; Acar
1995; Kerimbek and Miilayim 2003). On the other hand,
the hay yield of forage pea cultivated as the second crop
in conditions of Antalya was measured by Cegen et al
(2005) 317 kg da. Present research findings are higher
than those of this study. In addition to these, A¢ikgdz
and Celik (1986) reported as 764.0 kg da the hay yield
of forage pea that cultivated on drylands under the con-
ditions of Bursa. While Uzun et al (2011) determined
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ranged between 653.3-794.7 kg da™* the hay yield of for-
age pea under the conditions of Bursa, Koger (2011) re-
ported that as 642 kg da* under the conditions of Isparta.
Dogan (2013) reported as 944.93 kg da the hay yield
of forage pea under the conditions of Kirklareli. Accord-
ing to these results, while our findings were lower than
those of Agikgdz and Celik (1986), Dogan (2013), are
similar to the findings of Koger (2011).

In Table 7, the hay yield of soybean was measured
as 747.93-510.88 kg da* in 2019 and 2020, respectively.
The average hay yield of soybean also was detected as
629.40 kg dat in our study (Table 5). In different studies
that related to the herbage yield of soybean were
obtained different results. For example, in Giimiishane,
ranged between 356-555.60 kg da' hay yield was
obtained from soybean (Okcu 2015), while in Adana,
ranged between 442.9-1523.3 kg da® hay yield was
obtained from soybean that grown as a second crop
(Sahar 2017). Kokten et al (2014) obtained ranging from
between 524.6-703.1 kg da* hay yield from soybean
under the conditions of Bingdl. On the other hand,
Basaran et al (2019) was determined the herbage yield
of Yemsoy cultivar ranged between 255-284 kg da’
under the conditions of Yozgat, while Akinci (2019) was
obtained from soybean ranged between 247.71-357.90
kg da* under the conditions of Kayseri. According to
these results, our findings that for hay yield of soybean
were higher than the values reported by the researchers
Okcu (2015), Bagaran ve ark. (2017), Akinci (2019).
Also, the results of Kokten et al (2014) and Sahar (2017)
are similar to the findings in our investigation.

Green hay yield of legume forage crops, there are
differences between findings in our investigation and the
results of previous studies in the literature. This can be
attributed to the different cultivars used in this study, the
different ecological conditions in which the experiments
were carried out, and possibly to the different
agricultural, practices as compared with the other
studies.

4. Conclusion

Present research was realized to the aim of determi-
nation the possibilities of growing some legume forage
crops as second crop after harvesting of cereal harvest
under the conditions of Seydisehir Town of Konya City
in Turkey during both vegetation periods of 2019 and
2020 year.

According to the statistical analysis, significant dif-
ferences were found for green herbage yield and plant
height of legume forage crops. Additionally, the forage
pea and common vetch presented higher green herbage
yield and hay yield compared to soybean and fenugreek.
The highest green herbage yield was obtained from for-
age pea (3085.50 kg da), which was followed by com-
mon vetch by (2788.63 kg da?). Similarly, highest
plants height value was detected as 126.76 cm and
117.94 cm on the forage pea and common vetch, respec-
tively. Although statistically insignificant differences,
the highest hay yield was found in the common vetch by

678.68 kg da* value, while it was followed forage pea
by 660.74 kg da* value. Based on these results, the for-
age pea and common vetch can be recommended to
grow in similar ecological conditions due to their high
green herbage and hay yield.

In the light of present findings, it may be concluded
that the fodder pea and common vetch may be recom-
mended for purpose of producing roughage after cereal
(barley) harvest. Therefore, these crops can be consid-
ered to satisfy the forage demand in livestock farming.
Future studies should focus on investigation the possi-
bility of more productive legume forage crops after ce-
real harvest in different ecological conditions. Conse-
quently, researches about the other suitable forage crops
in the same or different regions during similar periods
will add new knowledge to present knowledge to pro-
vide the forage demand for livestock farming.

5. Acknowledgements

This study is a part of Ali OZEL's PhD thesis.
Also, Ali OZEL was supported by Scientific Rese-
arch Projects (BAP) Coordinatorship with their pro-
jects no 19201003.

6. References

Acar R (1995). Sulu sartlarda ikinci iriin olarak bazi
baklagil yembitkileri ve tahil karigimlarinin
yetistirilme imkanlar1. Yiiksek Lisans Tezi, Selguk
Universitesi, Fen Bilimleri Enstitiisii, Tarla Bitkileri
ABD. Konya. 45212.

Acar R, Miilayim M, Ozkése A (2007). Yem bitkilerinin
6nemi ve ikinci iiriin olarak yetistirilmesi. Konya 'da
Tarim ve Tarimsal Sanayi Sorunlarmin Tespiti
Sempozyumu, s. 359-367.

Acikgoz E, Celik N (1986). Bursa kira¢ kosullarinda
bazi 6nemli tek yillik baklagil yem bitkilerinin kuru
ot verimi ve kalitesi lizerinde On arastirmalar.
Uludag Universitesi Ziraat Fakiiltesi Dergisi. (5):
47-53.

Acikgoz E, Hatipoglu R, Altinok S, Sancak C, Tan A,
Uraz D (2005). Yem bitkileri tretimi ve sorunlar.
Tiirkiye Ziraat Miihendisligi VI. Teknik Kongresi, 3-
7 Ocak 2005, Ankara, s. 503-518.

Acikgoz E, Goksoy AT, Uzun A, Sincik M, Senbek G
(2015). Bursa kosullarinda yetistirilen birinci ve
ikinci iriine uygun yemlik soya hatlarinin ot
verimine iliskin baz1 6zellikleri. 11. Tarla Bitkileri
Kongresi, 7-10 Eyliil 2015, Canakkale, s. 176-179.

Agikgoz E, Goksoy AT, Wietgrefe G, Uzun A, Sincik
M (2020). Forage yield performance of soybean
genotypes for spring seeding and double cropping.
Turkish Journal Of Range And Forage Science
(TIRFS),1(1): 7 - 16.

Ada R, Oztirk O, Akmerdem F (2009). Konya
kosullarinda bazi soya gesitlerinin verim, verim

unsurlar1 ve bazi kalite ozelliklerinin belirlenmesi.
Tiirkiye VIII. Tarla Bitkileri Kongresi, 19-22 EKim



46

Ozel and Acar / Selcuk J Agr Food Sci, (2022) 36 (1): 39-47

2009, Hatay, s. 201-204.

Akine1 Y (2019). Farkli soya gesitlerinin ot verim ve
kalitesinin belirlenmesi. Yiiksek Lisans Tezi, Erciyes
Universitesi, Fen Bilimleri Enstitiisii. Tarla Bitkileri
ABD. Kayseri. 603648.

Algigek A, Kilig A, Ayhan V, Ozdogan M (2010).
Tiirkiye’de Kaba Yem Uretimi ve Sorunlart. Tiirkiye
Ziraat Miihendisligi VII. Teknik Kongresi. 11-15
Ocak 2010, Ankara, Cilt:2, s. 1071-1080.

Alp H (2019). Sanlwrfa ekolojik kosullarinda ¢emen
(Trigonella foenum-graecum L.) bitkisinde farkli
ekim zamanlarmin tarimsal karakterlere etkisinin
aragtirtlmasi.  Yiiksek  Lisans  Tezi,  Harran
Universitesi, Fen Bilimleri Enstitiisii, Tarla Bitkileri
ABD. Sanliurfa. 540560.

Anonim (2019). Baklagil yem bitkileri tarimsal
degerleri 6lgme denemeleri teknik talimati. T.C.
Tarim ve Orman Bakanligi, Bitkisel Uretim Genel
Midirligli, Tohumluk Tescil ve Sertifikasyon
Merkez Miidiirliigii. Ankara.

Anonymous (2000). Manual on integrated soil
management and conservation practices. Food &
Agriculture Org., p. 93-11.

Asict M (2006). Bazi bezelye hatlarinin ikinci iriin
olarak anmiza ekimi. Yiiksek Lisans Tezi, Selguk
Universitesi, Fen Bilimleri Enstitiisii, Tarla Bitkileri
ABD. Konya. 185734,

Ay 1, Mut H (2017). Yaygin fig ile yem bezelyesinin
arpa ve yulaf ile karisimlarinda uygun karigim
oraninin  belirlenmesi. COMU Ziraat Fakiiltesi
Dergisi, 5 (2): 55-62.

Basu S, Acharya S, Bandara M, Friebel D. Thomas J
(2009). Effects of genotype and environment on seed
and forage yield in fenugreek (‘Trigonella foenum-
graecum L.") grown in western canada. Australian
Journal of Crop Science, 3 (6): 305-314.

Bagaran U, Dogrus6z MC, Giilimser E, Mut H (2017).
Hay yield and quality of intercropped sorghum-
ssudangrass hybrid and legumes with different seed
ratio. Turkish Journal of Field Crops, 22 (1):47-53.

Bilgili U Sincik M, Goksoy AT, Turan ZM, Agikgéz E
(2005). Forage and grain yield performances of
soybean lines. Journal Of Central European
Agriculture, 6 (3): 397-402.

Boran Y (2011). Cemenin (Trigonella foenum graecum
L.) farkli bitki sikliklarinin tane ve ot verimi iizerine
etkisi. Yiiksek Lisans Tezi, Selguk Universitesi, Fen
Bilimleri Enstitiisii, Tarla Bitkileri ABD. Konya.
283482.

Boydak E, Kayantag B, Acar F, Firat R (2018). Baz1
soya fasulyesi (Glycine max. L.) gesitlerinin yiiksek
rakimlarda verim ve verim unsurlarinin belirlenmesi.
Harran Tarim ve Gida Bilimleri Dergisi, 22 (4):
544-550.

Ceyhan E, Harmankaya M, Kahraman A (2014).
Combining ability and heterosis for concentration of
mineral elements and protein in common bean

(Phaseolus wvulgaris L.). Turkish Journal of
Agriculture and  Forestry, 38: 581-590,
doi:10.3906/tar-1307-56.

Cegen S, Oten M, Erdurmus C (2005). Bati Akdeniz
sahil kusaginda bazi1 tek vyillik baklagil yem
bitkilerinin ikinci iriin olarak degerlendirilmesi.
Akdeniz Universitesi Ziraat Fakiiltesi Dergisi, 18
(3): 331-336.

Ceri S, Acar R (2019). Konya’da sulu sartlarda
yetistirilen yulaf hat ve gesitlerinin ot verimi ve bazi
yem kalite 6zelliklerinin arastirilmasi. Bahri Dagdas
Bitkisel Arastirma Dergisi, 8 (1): 26-33.

Dereli DN (2015). Eskisehir ekolojisinde baz1 baklagil
yem bitkilerinin ikinci {irlin olarak yetistirilebilirligi.
Yiiksek  Lisans  Tezi, Eskisehir ~Osmangazi
Universitesi, Fen Bilimleri Enstitiisii, Tarla Bitkileri
Ana Bilim Dali, Cayir Mera ve Yem Bitkileri Bilim
Dali. Eskisehir. 424028.

Dogan BI (2013). Yem bezelyesi (Pisum arvense L.)-
Bugday (Triticum aestivum L.) karigimlarinin verim
unsurlar1 ve yem degerlerinin belirlenmesi. Yiiksek
Lisans Tezi, Namik Kemal Universitesi, Fen
Bilimleri Enstitiisti, Tarla Bitkileri ABD. Tekirdag.
328256.

Dogan S, Terzioglu O (2019). Van kosullarinda yem
bezelyesi (Pisum arvense L.) ve arpa (Hordeum
vulgare L.) karigimlarin ot verimi ve silaj kalitesine
etkisi. Bahri Dagdas Bitkisel Aragtirma Dergisi, 8
(1): 106-114.

Egritag O (2014). Ordu ekolojik kosullarinda yetistirilen
yaygin fig + talil karigimlarimi ot verimi ve
kalitesinin belirlenmesi. Yiiksek Lisans Tezi, Ordu
Universitesi, Fen Bilimleri Enstitiisii. Ordu. 382903.

Erdogdu i, Altimok S, Geng A (2013). Farkli siralara
ekilen misir ve soya bitkisinde ekim oranlarinin bazi
bitkisel 6zellikler ve yem verimine etkileri. Biyoloji
Bilimleri Arastirma Dergisi, 6 (1):06-10.

Goemen N, Parlak A.O (2017). Yem bezelyesi ile arpa,

yulaf ve tritikale karigim oranlarimin belirlenmesi.
COMU Ziraat Fakiiltesi Dergisi,5 (1): 119-124.

Hosamath JV, Hedge R (2018). Performance of
fenugreek  (Trigonella  foenum-graecum  L.)
genotypes for growth and herbage yield. Journal of
Pharmacognosy and Phytochemistry, 7(3):1127-
1130.

Ileri O, Erkovan S, Erkovan Hi, Ko¢ A (2020). i¢
Anadolu’da ikinci lirtin ddneminde yem bezelyesi ve
bazi tahil karigimlarimin farkli ekim sikliginda yas ot

verimi ve bazi ozellikleri. Uluslararas: Tarim ve
Yaban Hayat: Bilimleri Dergisi, 6 (3):538-545.

Kahraman A (2017). Effect of humic acid doses on yield
and quality parameters of cowpea [Vigna
unguiculata (L.) Walp] cultivars. Legume Research,
40 (1): 155-159, DOI: 10.18805/Ir.v0iOF.3763.

Kahraman A, Onder M (2018). Accumulation of heavy
metals in dry beans sown on different dates. Journal
of Elementology, 23 (1): 201-216, DOI:


http://dx.doi.org/10.18805/lr.v0iOF.3763

47

Ozel and Acar / Selcuk J Agr Food Sci, (2022) 36 (1): 39-47

10.5601/jelem.2017.22.2.1308.

Karadag Y, Biiyiikbur¢ U (1999), Tokat Ekolojik
Sartlarinda Cemenin (Trigonella foenum graecum
L.) Ot Verimi ve Kalitesi Uzerinde Bir Arastirma.
Gaziosmanpasa Universitesi ~ Ziraat  Fakiiltesi
Dergisi, 1999 (1): 171-182.

Kavut YT (2016). Farkli hasat donemlerinde bigilen
italyan ¢imi ve bazi yillik baklagil yembitkisi
karigimlarinin ot verimi ve diger bazi 6zellikleri
lizerine bir arastirma. Tarla Bitkileri Merkez Arast.
Enst. Dergisi, 25 (Ozel Say1-2):253-258.

Kerimbek C, Miilayim M (2003). Baz1 baklagil yem
bitkilerin ve tahil karigimlarinin ikinci iiriin olarak
yetistirilmesi. 5. Tarla Bitkileri Kongresi, Bitki
Yetistirme Teknikleri, 13-17 Ekim Diyarbakir, II.
Cilt s.79-83.

Koger A (2011), Yem bezelyesi (Pisum sativum spp.
arvense L.)’nin yulaf ve arpa ile karigimlarinda ot
verim ve kalitelerinin belirlenmesi. Yiiksek Lisans
Tezi, Siileyman Demirel Universitesi, Fen Bilimleri
Enstittisii, Tarla Bitkileri ABD. Isparta. 283804.

Kokten K, Seydosoglu S, Kaplan M, Boydak E (2014).
Forage nutritive value of soybean varieties. Legume
Research-An International Journal, 37 (2):201-206.

Okcu M (2015). Giimiishane ekolojik kosullarinda farkli
ekim zamanlarmin bazi soya (Glycine max L.)
¢esitlerinde verim ve verim unsurlarina etkilerinin
belirlenmesi. 11. Tarla Bitkileri Kongresi, 7-10
Eylil 2015, Canakkale, s. 180-183.

Ozdemir B (2019). ikinci iiriin icin uygun olan yem
bezelyesi hatlarmin belirlenmesi. Yiiksek Lisans

Tezi, Selguk Universitesi, Fen Bilimleri Enstitiisii,
Tarla Bitkileri ABD. Konya. 577446.

Ozer 1 (1992). Konya ili amz alanlarinda dogrudan ekim
sureti ile baklagil yem bitkileri yetistirme imkanlart
tlizerine bir arastirma. Yiiksek Lisans Tezi, Selguk
Universitesi Fen Bilimleri Enstitiisti, Tarla Bitkileri
ABD. Konya. 24854.

Ozkan U, Demirbag SN (2016). Tiirkiyede kaliteli kaba
yem kaynaklarinin mevcut durumu. Tiirk Bilimsel
Derlemeler Dergisi, 9 (1): 23-27.

Ozkose A (2017). Farkli ekim derinliklerinin yem
bezelyesinin verim ve bazi verim 6zellikleri tizerine
etkileri, Sakarya University Journal of Science, 21
(6): 1188-1200.

Ozyazic1t MA, Ozyazici G, Ozdemir O (2009). Yesil
giibre uygulamalarinin misir-bugday
miinavebesinde bitkilerin verim ve bazi tarimsal
Ozellikleri tizerine etkileri. Anadolu Tarim Bilimleri
Dergisi, 2009,24(1):21-33.

Parlak A, Sevimay CS (2007). Arpa ve bugday
hasadindan sonra bazi yem bitkilerinin ikinci iiriin

olarak  yetistirilme  imkanlari, Journal  of
Agricultural Sciences, 13 (02), 101-107.

Polat H, Almaca ND (2006). Harran Ovasinda tesviye
yapilan arazilerde kompost ve yesil giibre
uygulamasinin pamuk verimine etkisi. Tiirkiye VII
Tarim Ekonomisi Kongresi, Antalya, 5.11431-1151.

Sabanc1 CO, Baytekin H, Balabanli C, Acar Z (2010).
Yem bitkileri iiretiminin artirilmast olanaklari.
http://www.zmo.org.tr/resimler/ekler/7e77c835af3d
2a8_ek.pdf.: [06.05.2020].

Said MS, AL-khafaji AHA, Farhan LD, Al-Wagaa, AH
(2019). Effect of soaking hours in different
concentrations of seaweed extract on green feed
yield, dry matter and quality for fenugreek
(Trigonella foenum—graecum L.), Plant Archives,
Vol. 19, Supplement 2, 2019 pp. 690-694.

Sincik M, Goksoy AT, Turan ZM (2009). Soya
fasulyesinin farkli kiiltiirel uygulamalar altindaki
gelisme performansi. Tiirkiye VIII. Tarla Bitkileri
Kongresi, 19-22 Ekim 2009, Hatay, s. 205-208.

Sahar AK (2017). Cukurova kosullarinda ikinci tiriin
olarak yetistirilen soya cesitlerinde farkli hasat
doénemlerinin hasil verime ve katki maddelerinin
silaj kalitesine etkileri. Doktora Tezi, Yiiziinct Yil
Universitesi, Fen Bilimleri Enstitiisii, Tarla Bitkileri
ABD. Adana. 463737.

Senbek G, Acikgoz E (2019). Derry x Yemsoy soya
(Glycine max.(L.) Merr.) melezlerinin bazi tarimsal
Ozellikleri tlizerinde arastirmalar. Bursa Uludag
Universitesi Ziraat Fakiiltesi Dergisi, 33 (1):93-100.

Tagpmar K, Polat H, Yal¢m G (2009). Eskisehir
kosullarinda bugday hasad1 sonrasi ekilen ve topraga
en fazla azot birakan baklagilin tesbiti. Tiirkiye VIII.
Tarla Bitkileri Kongresi, 19-22 Ekim 2009, Hatay, s.
670-673.

Turgut I, Bilgili U, Duman A, Acikgoz E (2005). Effect
of green manuring on the yield of sweet corn. Agron.
Sustain. Dev. 25 (2005):433-438.

Uzun A, Giin H, Acikgéz E (2011). Farkli gelisme
doénemlerinde bigilen bazi yem bezelyesi (Pisum
sativum L.) ¢esitlerinin verim ve kalite ozellikleri.
Tiirkiye 9. Tarla Bitkileri Kongresi. 2-15 Eylil 2011,
Bursa, 5.1704-1709.

Ulger AC, Anlarsal AE, Gok M, Cakir B, Yiicel C, Onag
I, Atic1 O (1999). Degisik azot dozlarinda yetistirilen
misir bitkisinde tane verimi ve bazi tarimsal
Ozelliklere bazi yesil giibre baklagil bitkilerinin
etkisi. Turkish Journal of Agriculture and Forestry,
23 (supp1):193-200.

Zai AE, Horiuchi T, Matsui T (2008). Effects of green
manure and compost of pea plant on wheat. Compost
Science & utilization, 16 (4): 275-284.



48

http://sjafs.selcuk.edu.tr/sjafs/index

Selcuk Journal of Agriculture and Food Sciences  SJAFS

(2022) 36 (1), 48-57

Research Article

e-ISSN: 2458-8377
DOI:10.15316/SJAFS.2022.008

Studies on Determination of Strawberry Cultivars Suitable for Eregli-Konya

Ecological Conditions**

Netice Fulden KARACA?, " Liitfi PIRLAK?",

! Selcuk University, Institute of Science, Department of Horticulture, Konya, Turkey
2 Selcuk University, Horticulture Department of Agriculture Faculty, Konya, Turkey

ARTICLE INFO!

ABSTRACT

Avrticle history:
Received date: 06.12.2021
Accepted date: 19.01.2022

Keywords:
Strawberry Cultivars,
Yield,

Quality,
Eregli-Konya

In order for strawberry varieties to be recommended in any region, the ecological
demands of the varieties must be determined by making adaptation studies. For
a successful strawberry production, variety adaptation plays an important role in
the growing region. In strawberry cultivation, one of the most important pur-
poses of breeding programs is to regulate yield and fruit quality. This study was
carried out in order to determine the yield and quality characteristics of four
strawberry cultivars (Albion, Monterey, San Andreas and Portola) using frigo
seedlings in the Eregli district of Konya province in 2019-2020. In the study, the
earliest flowering and the highest yield were observed in Portola variety in both
years. The highest fruit weight was obtained from Monterey (8.19 g) in the first
year and Portola (7.72 g) in the second year. The highest number of fruits per
plant was obtained from Portola (11.85-8.20 units/plant) in both years. The high-
est fruit firmness was determined in Monterey (1.47-1.49 kg/cm?) cultivar in
both years. The highest TSS content was determined in Albion (12.40-15.10%)
in both years. In the experiment, the highest L (brightness) values were found in
San Andreas (35.77-36.82) variety in both years. The highest C (color intensity)
value was determined in San Andreas (41.25-43.53) cultivar in both years. The
darkest red fruits were determined in Monterey (h°=30.33) and Portola
(h°=32.06) in the first year, and in Portola (h°=31.46) and Monterey (C°=32.15)
cultivars in the second year. Titratable acidity was found to vary between 1.09%
and 1.15% in the first year and between 1.23% and 1.69% in the second year.
As aresult, it was concluded that the cultivation of Portola variety is appropriate
in terms of yield and quality characteristics in Konya province Eregli conditions.

1. Introduction

which was brought to Europe from South America in the
1700s (Darrow, 1966).

Strawberry is a berry fruit belonging to the Fragaria
genus of the Rosaceae family. The fleshy fruit of the
strawberry is classified as a bulk fruit. Today, cultivated
cultivars are included in the Fragaria X ananassa spe-
cies and constitute a regular part of the diet of millions
of people (Martinelli, 1992; Hummer and Hancock,
2009). M.S. in Europe strawberry culture was started in
1300 BC. In the 13th century, the strawberry fruit was
used for medicinal purposes by Greek doctors. In the
14th century, strawberry cultivation became widespread
among the nobility and the flowers of the strawberry
were used more than the fruit. By the 1500s, strawberry
began to be studied and classified by botanists. They
formed the origin of the cultivated strawberries,
Fragaria virginia, which was brought to Europe from
North America in the 1600s, and Fragaria chiloensis,

* Corresponding author email: pirlak@selcuk.edu.tr
**This work is part of first author’s MSc thesis

Strawberry is an important member of the berry
group, which is grown in very different ecological con-
ditions due to its high adaptability. Strawberry has be-
come an increasingly important fruit in the world and in
our country in recent years. According to 2019 FAO
data, the world strawberry production area is 396,401
hectares and the amount of strawberries obtained from
this area is 8,885,028 tons. China, which is the most im-
portant and top producer country in strawberry produc-
tion, meets about 36% of the total production. Most of
the remaining production is carried out in the USA,
Mexico, Turkey, Egypt and Spain. Turkey, which
ranked fifth in world strawberry production in 2018 with
440,968 tons, increased its strawberry production by
45,737 tons in 2019 and ranked fourth with 486,705 tons
(FAO, 2021).
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Strawberry production in Turkey was 130,000 tons
on an area of 9,465 hectares in 2000, while it reached
486,075 tons on an area of 16,089 hectares in 2019.
Strawberry production in Turkey is mostly realized in
the Mediterranean, Aegean, Marmara and Central Ana-
tolia regions, respectively. The provinces where the pro-
duction is intense are Mersin, Aydin, Bursa, Antalya and
Konya, respectively (TUIK, 2021).

Many epidemiological studies have shown that a diet
rich in fruits and vegetables is often associated with a
lower incidence of various chronic pathologies, includ-
ing obesity, infections, neurological diseases and cancer.
Strawberry has an important role among fruits due to its
high phytochemical content (Halvorsen et al., 2006).
Strawberries are an important source of bioactive com-
pounds due to their high levels of vitamin C, folate and
phenolic compounds. Moreover, strawberries are eco-
nomically and commercially important and are com-
monly consumed fresh or in processed forms such as
jams, juices and jellies. Therefore, it is among the most
studied fruits in terms of agronomic, genomic and nutri-
tional aspects (Proteggente et al., 2002).

According to its nutrient profile, strawberries are an
extremely healthy food choice. First of all, dietary fiber
and fructose content contribute to the regulation of
blood sugar levels by slowing down digestion. The fiber
content also contributes to controlling calorie intake
with its satiating effect. Also, no other fat-soluble vita-
mins such as tocotrienols have been reported in straw-
berries. Strawberries have attracted great attention due
to their high vitamin C content and have become one of
the important sources of this vitamin in human nutrition
(Giampieri et al., 2012). Considering that folate, along
with vitamin C, is one of the richest natural sources of
this essential micronutrient among fruits, it plays a cru-
cial role in highlighting the micronutrient content of
strawberries. In addition, strawberries are a source of
many other vitamins, including, to a lesser extent, thia-
mine, riboflavin, niacin, vitamin B6, vitamin K, vitamin
A, and vitamin E (Tulipani et al., 2008).

Strawberry is one of the most studied fruit species.
For this reason, the number of varieties offered to breed-
ersisincreasing rapidly. Besides the use of modern tech-
niques; high-yielding, and disease resistant, large-
fruited varieties should be tested under different ecolog-
ical conditions (Paydas and Kagka, 1992). Thanks to the
breeding studies carried out in California and Florida in
the USA, varieties with superior characteristics in terms
of adaptation to various criteria and different ecologies
are obtained and offered to breeders. Since the first years
of strawberry production in Turkey, strawberry varie-
ties, mostly short-day varieties, were also tested in other
regions, especially in the Mediterranean Region. How-
ever, as a result of intensive breeding studies in straw-
berry, the number of varieties increases a lot and the va-
rieties change rapidly. Adaptation studies should be car-
ried out in order to recommend these varieties to produc-
ers in a region. It is known that variety adaptation plays
a key role for successful strawberry cultivation in any
region, and the necessity of growing different varieties

of different ecologies with different growing systems
(Ozbahgali, 2014).

It has been reported in literature studies that yield
and quality characteristics of fruits are affected by ge-
netic or environmental conditions. Many successful
studies have been carried out in the field of strawberry
adaptation in Turkey. As a result of literature research,
studies on the adaptation of strawberry cultivars in
Eregli district of Konya province were not found. For
this reason, the study was carried out to determine the
performance of different strawberry cultivars in Eregli-
Konya ecological conditions.

2. Materials and Methods

This research was carried out in the Alhan neighbor-
hood of the Eregli district of Konya in the years 2019-
2020. Frigo seedlings of Albion, Monterey, Portola and
San Andreas strawberry cultivars were used as plant ma-
terial. Frigo seedlings were obtained from Ciltar A.S.

Albion: It was obtained from crossing between Dia-
mante X Cal 94.16-1. It is a moderately neutral day va-
riety. It adapts well to cool and temperate regions. It has
good fruit quality and shows this performance all season
long. It is an early variety and maintains its fruit size all
season (Ates and Tiiremis, 2018).

Monterey: The variety is a medium day neutral vari-
ety. It is a hybrid of Albion x Cal 97.85-6. This variety,
which is very sweet due to its low acidity, has large and
soft fruits. It has a strong plant structure and is sensitive
to mildew (Ates and Tiiremis, 2018).

Portola: This variety Cal. 97.93-7 X Cal. it was ob-
tained as a result of hybridization of 97.209-1. In arid
and subtropical climates, it shows medium-strong neu-
tral day character under suitable conditions. Performs
well in spring and summer plantings. It is moderately
resistant to powdery mildew, Verticillium wilt and an-
thracnose (Demirsoy, 2016).

San Andreas: This variety Albion X Cal. it was ob-
tained by crossing 97.86-1. It is a moderately neutral day
variety. Its fruits have a good appearance and taste. This
variety, which has a nice aroma, is quite early and is re-
sistant to the road. It gives products uninterruptedly and
without disturbing the fruit size throughout the season
(Erdem and Cekig, 2017).

Konya province Eregli district has an area of 2,260
km?. It is located on the Eregli Plain, which is the east-
ward continuation of the Konya Plain, one of the widest
plains in Turkey. The district is surrounded by high
mountains. The middle part of the Taurus Mountain
range in the south, Hasandagi, Karacadag and Karadag
volcanic masses, which are volcanic mountains in the
north, are located. Between these mountain masses is the
wide plains of the Eregli Plain. The slope of the Eregli
Plain, which has a generally flat topography, varies be-
tween 0-10% (All1, 2019).

In Eregli, between 1990 and 2020, the hottest month
is July and the highest average temperature is 24.1 °C.
The annual average temperature of 2019, in which the
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research was conducted, was 13.1 °C, the highest aver-
age temperature was determined in August (24.3 °C) and
the lowest average temperature was determined in Janu-
ary (0.6 °C). In 2020, the annual average temperature is

13.5 °C, the highest average temperature is in July (25.7
°C) and the lowest average temperature is in January
(0.8 °C) (Table 1).

Table 1
Some meteorological data of Eregli (Anonymous, 2021)
Year/Month 1 2 3 4 5 6 7 8 9 10 11 12 Average
Minimum Temperature (°C)

1990-2020 -13.9 -13.2 -6.4 -1.3 4 8.2 11.8 11 55 0.1 -6.3 -11.5 -1.9
2019 -16.6 -3.7 -5.1 -0.3 43 12.9 11.7 12 4 3 -7 -4.1 0.9
2020 -8.4 -12.1 -4.8 -1 3 7.7 13.1 11.7 115 6.6 -5.7 -6.1 1.2

Maksimum Temperature (°C)

1990-2020 141 17.2 225 27.0 30.9 34.4 37.0 36.6 33.6 29.2 214 16.6 26.7
2019 14 15.2 19.9 24.3 35 36.3 374 37.1 329 29.4 24 18.5 27.0
2020 13.8 174 23.9 25 33.9 344 37.3 36.6 39.6 318 19.1 154 27.3

Average Temperature (°C)

1990-2020 0.1 1.9 6.9 11.8 16.5 20.8 24.1 23.7 19.3 13.6 6.7 21 12.2
2019 0.6 4.6 6.8 10.0 18.6 22.3 233 234 194 15.7 9.1 38 131
2020 0.8 3.2 7.8 115 174 213 25.7 23.9 22.8 17.9 5.9 4.8 135

Average Humidity (%)

1990-2020 77.0 715 62.2 58.2 57.2 52.0 454 47.3 52.1 61.1 70.1 77.1 60.9
2019 78.2 73.1 61.7 66.7 44.3 51.2 41.3 46.7 46.1 57.1 65.7 84.1 59.7
2020 82.3 74.2 66.8 60.6 48.6 435 37.1 335 42.7 33.9 73.7 73 55.8

Total Precipition (mm=kg+m?)

1990-2020 33.2 27.8 33.2 36.0 34.2 27.1 8.8 75 14.7 21.7 29.9 389 313
2019 66.8 36.0 20.0 47.8 34 23.2 0 6.4 4.6 15.0 154 51.6 290.2
2020 50.4 213 40.2 33.3 18.8 9.5 0.4 0 3.0 1.6 30.0 14.0 222.5

3. Results and Discussion

Between 1990 and 2020, the average humidity value
in Eregli is 60.9%. In the year 2019, when the research
was conducted, the average humidity is 59.7%, the low-
est humidity is July (41.3%) and May (44.3%), and the
highest is December (84.1%), January (78.2%) and Feb-
ruary (73.1%) were determined as months. In 2020, the
average humidity is 55.8%, the lowest humidity is Au-
gust (33.5%) and September (33.9%), and the highest is
January (82.3%), February (74.2%) and November
(73.7%) months (Table 1).

The total amount of precipitation in Eregli between
1990 and 2020 is 313 kg/m?2. The highest total precipita-
tion was seen in December (38.9 kg/m?) and April (36
kg/m?), the least in August (7.5 kg/m?) and July (8.8
kg/m?). The total amount of precipitation in 2019, when
the research was conducted, was 290.2 kg/m?. The least
total precipitation was in July (0 kg/m?) and May (3.4
kg/m?), and the highest total precipitation was in January
(66.8 kg/m?) and December (51.6 kg/m?). In 2020, the
total amount of precipitation is 222.5 kg/m?. The least
total precipitation was in August (0 kg/m?) and July (0.4
kg/m?), and the highest total precipitation was in January
(50.4 kg/m?) and March (40.2 kg/m?) (Table 1).

When the data of 2019, in which the research was
carried out, are examined, it is seen that the average tem-
perature value (13.1 °C) has increased compared to the
long-term average, the average humidity level (59.7%)
and the amount of precipitation per square meter (290.2
kg) decreased. Similarly, in 2020, it is seen that the av-
erage temperature value (13.5 °C) increased compared
to the long-term average, while the average humidity
level (55.8%) and the amount of precipitation per square
meter (222.5 kg) decreased. Compared to the long-term

average, 2019 and 2020 were hotter in Eregli and espe-
cially 2020 was drier in terms of precipitation.

The analysis of the soil sample taken from a depth of
0-30 cm to represent the trial area was carried out in the
Semsi Bayraktar Analysis Laboratory within the Kara-
man Chamber of Agriculture. Analysis results are given
in Table 2. Accordingly, the soil of the trial area is
clayey loam textured, slightly alkaline (pH 7.31), low
EC, very calcareous (30.84%), moderately organic mat-
ter (4%), rich in P and K. According to the results of the
analysis, burnt farm manure and base manure were ap-
plied to the trial area before planting the strawberry
seedlings.

Table 2

Soil analysis results of the research area
Analysis Name Unit Result Comment
Constituency % 53.10 Clay loam
pH (Saturation) 7.31 Slightly alkaline
EC (Saturation) puS/cm 961 Low
CaCOs (Loam) % 30.84 Too much
Organic matter % 4 Medium
Phosphorus (P) mg/kg 190 Very high
Potassium (K) mg/kg 827 Very high

Strawberry seedlings were planted on the prepared
bobbins 60 cm wide and 16 m long, with 30 cm row
spacing and 30 cm row spacing. The experiment was es-
tablished in 3 replications according to the randomized
blocks design and 20 seedlings were used in each repli-
cation. Before planting the seedlings, the tops of the
bobbins are covered with black plastic mulch. The water
required during the development period of the plants in
the plots was given by drip irrigation system. In the first
year of the research, refrigerated seedlings were planted
in open field on 14.04.2019. All of the inflorescences
and branches that occurred in 2019 were plucked. The
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first flowering of these plants in 2020 occurred on 8
May. Strawberries started to ripen on 29.05.2019. In the
second year of the research, refrigerated seedlings were
planted in open field on 10.03.2020. The first flowering
was seen on 01.05.2020. The date when the strawberries
start to ripen is 25.05.2020.

Flowering onset dates in cultivars were determined
by observation. The first flowering date was taken as the
date when 5% of the flower petals opened and 70% of
the flower petals were opened as the full bloom date.
During the growing period, the fruits harvested from
each plant were weighed on a scale with an accuracy of
0.1 to determine the yields and average fruit weights per
plant. The number of fruits per plant was determined by
counting the ripe fruits harvested from each plant (Ipek
et al., 2009). The hardness of ten randomly selected
fruits for pulp firmness (kg/cm?) was measured with a
penetrometer, and a 5 mm (0.2 cm2) probe was used for
the measurement (Agar et al., 1991). Fruit color of ten
fruits from each replication was determined by Minolta
Konica CR-400 cromometer (Pérez-Sanchez et al.,
2010). It was determined as % by refractometer from the
fruit juice of the fruits selected from each application
(Ipek et al., 2009). The titratable acid content of the fruit
juice (%) was determined by the titrimetric method. The
H+ concentration in the juice of the sampled fruits was
determined using a Hanna brand table-type pH meter
(Ipek et al., 2009). The ascorbic acid content in the sam-
ples was determined by the spectrophotometric dichlo-
rophenol indophenol method (mg/100 g) defined by
Pearson (Pearson, 1976).

The effects of the applications were examined with
three replications. The data obtained were evaluated
with the 5% Duncan test using the SPSS statistical pro-
gram.

3. Results and Discussion

Flowering dates

In the study, the first flowering showed changes ac-
cording to the cultivars. The earliest flowering in 2019
was observed on 8 May in Portola cultivar. This variety
was followed by Monterey (May 9), Albion (May 10)
and San Andreas (May 11). In 2020, the earliest flower-
ing started on May 1 in Portola variety, followed by Al-
bion and Monterey (May 3), and then San Andreas (May
4) (Table 3).

Table 3
Flowering dates of strawberry cultivars
Cultivars Flowering Dates
2019 2020
Albion 10 May 3 May
Monterey 9 May 3 May
Portola 8 May 1 May
San Andreas 11 May 4 May

Yield per plant (g/plant)

Yield values per plant (g/plant) and yield per decare
(kg/da) of strawberry cultivars for the years 2019 and

2020, in which the research was conducted, are given in
Table 4. In 2019, the highest yield per plant was ob-
tained from Portola (94.14 g/plant). This cultivar was
followed by San Andreas (55.01 g/plant), Albion (54.21
g/plant) and Monterey (54.03 g/plant), respectively, and
the difference between the cultivars was found to be sta-
tistically significant.

Yield per plant in 2020 showed a slight decrease
compared to the first year. The most productive variety
this year was Portola (63.27 g/plant), as in 2019, fol-
lowed by Monterey (51.35 g/plant), San Andreas (46.11
g/plant) and Albion (43.80 g/plant). When the varieties
were evaluated statistically, it was determined that the
difference between them was significant (Table 4).

Table 4
Yield per plant (g/plant) of strawberry cultivars
Yield per plant (g/bitki)

Cultivars

2019 2020
Albion 54.21 b* 43.80 ¢
Monterey 54.03 b 51.35b
Portola 94.14 a 63.27 a
San Andreas 55.01b 46.11¢c

*: There is no difference between the averages shown with the same
letter in the same column
Many studies have been carried out on strawberry
cultivation in different regions of our country. In a study
conducted in Kayseri, the highest yield values per plant
were found in Crystal cultivar in 2011 with 70.1 g, and
the highest in Fern cultivar in 2012 with 914.2 g (Alan,
2013). Cekic et al. (2003), the yield per plant in Tokat
was determined as 273.8 g in Maraline cultivar in 2002,
382.3 g in Tudla cultivar in 2003, 392.8 g in Muir and
405.6 g in Maraline cultivar. Again, in a study conducted
in Erzurum conditions, the highest yield was obtained
from Kabarla (296.2 g), and the lowest yield was ob-
tained from Rubygem (98.6 g) cultivar (Ozbahcali,
2014). In the study carried out in Merzifon district of
Amasya, the highest yield per plant was found in Mon-
terey (307.8 g), followed by Albion (283.7 g) and San
Andreas (243.7 g), respectively. Oguz (2019) obtained
the highest yield per plant from Kabarla (635.88 g) and
the lowest yield from Redlans Hope (362.71 g) in
Eskisehir. In another study conducted in Kayseri, the
highest yield was obtained from the Fern with 843.85 g,
followed by Kabarla (660.25 g), Albion (629.85 g) and
Sweet Ann (514.5 g), respectively (Colak et al., 2019).
It is seen that the yield values per plant obtained from
the strawberry cultivars used in the research in 2019 and
2020 differ from the previous studies. It is thought that
the differences in yield value per plant between the stud-
ies also differ according to the climate and soil charac-
teristics, ecological factors and cultural measures ap-
plied. In addition, very high lime-induced plant growth
problems in the research area also negatively affected
the yield.

Fruit weight

The highest average fruit weight in 2019 was Mon-
terey (8.19 g), followed by Portola (7.94 g), San Andreas
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(7.39 g) and Albion (5.84 g), respectively. It was deter-
mined that the difference between the cultivars was sta-
tistically significant. In the second year of the study,
while the average fruit weight of Albion and San An-
dreas cultivars increased slightly compared to the first
year, it was determined that it decreased slightly in Mon-
terey and Portola cultivars. When the average fruit
weights of the cultivars were examined in 2020, it was
determined that it varied between 6.33-7.72 g. Average
fruit weights were obtained from the lowest Albion and
highest Portola cultivars (Table 5).

Table 5
Average fruit weight of strawberry cultivars

Average fruit weight (g)

Cultivars 2019 2020
Albion 5.84d 6.33
Monterey 8.19a 6.43
Portola 7.94b 7.72
San Andreas 7.39¢c 7.56

N.S.

N.S.: Non-significant.

Although fruit weight is considered a genetic factor
due to the characteristic of the strawberry variety, it can
be affected by climatic conditions and growing tech-
niques. Among similar studies on fruit weights giving
different values in different climatic conditions, in a
study conducted in Adana, the largest fruit was 36.0 g
and belonged to the H-1 cultivar (Tiiremis, 2000), and in
a study in Hatay Yayladagi, the highest average fruit
weight was 16.0 g. It has been determined that they be-
long to Muir and Tudla with 15.7 g (Ozdemir et al.,
2003). In the study conducted under Tokat conditions, it
was observed that Rubygem produced the largest fruits
with 19.67 g in the first yield year, and Camarosa culti-
var 12.47 g in the second year (Saragoglu, 2013). In a
study conducted in Erzurum, fruit size was determined
as 9.0 g in Sweet Ann, 8.3 g in Rubygem, 7.8 g in Crys-
tal, 7.7 g in Kabarla, and 6.5 g in Redlans Hope cultivar
(Ozbahgali, 2014). Macit et al. (2011) obtained the larg-
est fruits from Redlans Hope (10.09 g) and Kabarla
(9.27 g) cultivars in their study in Samsun. In a study
conducted in Kayseri, the highest fruit weight was found
in the Fern cultivar (8.86 g) (Alan, 2013). In another
study conducted in Latvia, the highest fruit weight was
obtained from the San Andreas cultivar with 13.3 g
(Laugale et al., 2014). Oguz et al. (2017) reported that
the average fruit weight of strawberry cultivars ranged
from 5.31-7.67 g (Monterey—San Anderas) in their
study conducted in Nevsehir conditions. In the study
carried out in the Merzifon district of Amasya province,
it was observed that the largest fruits were in the Albion
(12.8 g) and the smallest fruits were in the Sweet Charlie
(7.39 g) cultivar (Geger et al., 2018). In a study con-
ducted in Eskisehir, it was determined that average fruit
weights ranged between 15.0-19.51 g (Kabarla-San An-
dreas) (Oguz, 2019). When the results obtained and the
results of the literature studies are compared, it is seen

that the fruit size of the strawberry cultivars grown in
Konya-Eregli conditions is at an average level.

Number of Fruits per Plant

The highest number of fruits per plant in 2019 was
Portola (11.85 units/plant), followed by Albion (9.28
units/plant), San Andreas (7.45 units/plant) and Monte-
rey (6.60 units/plant). It was determined that the statisti-
cal difference between the number of fruits per plant of
the cultivars used in the study was significant. When the
fruit numbers per plant obtained in the second-year re-
search were examined, the highest variety was Portola
(8.20 units/plant), followed by Monterey (7.98
units/plant), Albion (6.92 units/plant) and San Andreas
(6.10 units/plant). It has been determined that the num-
ber of fruits obtained from Monterey and Portola varie-
ties is higher than Albion and San Andreas cultivars and
they are in the same group statistically (Table 6).

Table 6
Number of fruits per plant of strawberry cultivars

Number of fruits per plant

Cultivars

2019 2020
Albion 9.28b 6.92b
Monterey 6.60d 7.98 a
Portola 11.85a 8.20a
San Andreas 745¢ 6.10c

It can be said that the number of fruits per plant in
strawberry depends on the eco-physiological character-
istics of the place of study and the characteristics of the
cultivated cultivar. Giileryiiz et al. (1991) in their study
conducted in Erzurum determined that the lowest num-
ber of fruits per plant was in Pocahontas (9.38
units/plant) and the highest in Aliso (28.61 units/plant).
Giilsoy (2003) found the number of fruits per plant in
open cultivation as 8.73 pieces/plant in Sweet Charlie in
Van. In the study conducted in Tekirdag, Giil (2011) re-
ported that the highest number of fruits per plant was
Fern with 9.19 units/plant and the lowest number of
fruits per plant was Camarosa with 4.46 units/plant. In
another study conducted in Van, Aromas (19.49
pieces/plant) and Sweet Charlie (20.10 pieces/plant) cul-
tivars had higher fruit numbers (Geger and Yilmaz,
2011).

Fruit Firmness

In 2019, it was determined that the fruit firmness val-
ues of the cultivars were statistically in 3 groups. It was
determined that the statistical differences of Portola and
San Andreas cultivars were not significant. The lowest
fruit firmness was obtained in Albion with 1.20 kg/cm?
and the highest fruit firmness in Monterey with 1.47
kg/cm?. In the second year of the study, fruit firmness
values were found to vary between 1.21-1.49 kg/cm?.
The lowest fruit firmness values were obtained from Al-
bion and the highest Monterey. Portola and San Andreas
were found to be in the same group statistically (Table
7).
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Table 7
Fruit firmness of strawberry cultivars

Fruit firmness (kg/cm?)

Cultivars 2019 2020
Albion 1.20c¢c 121c
Monterey 147a 149a
Portola 1.34b 1.35b
San Andreas 1.30b 1.32b

Fruit flesh firmness is one of the most important
quality criteria in strawberries. Due to its advantages in
harvest, transportation and post-harvest applications,
hard fruit varieties are preferred by producers. Fruit
firmness is affected by many factors such as ecological
factors, fertilization, genotype, growing conditions, fruit
size, fruit composition, storage and fruit temperature.
Fruits grown in very hot, humid and long-day conditions
are soft, while those grown in short-day conditions are
hard-fleshed (Misir, 2016). Giindiiz and Ozdemir
(2012), in their study in Hatay, determined that the hard-
est fleshy fruits were from Camarosa, Carmine and Ka-
barla, and the softest fleshy fruits were from the Otto-
man. Alan (2013), in Kayseri, the lowest fruit firmness
values are with Kabarla (0.50 kg/cm?) with Redlanshope
(0.76 kg/cm?) and the highest Fern (1.61 kg/cm?) with
Crystal (1.38 kg/cm?) were detected in cultivars. Aguero
et al. (2015), in their study in Argentina, the lowest fruit
firmness was obtained from Ventana (88.6 g/mm?) and
the highest from Candonga (99.6 g/mm?). Misir (2016)
determined that among the varieties used in Samsun,
Fortuna (0.54 kg/cm?) had the highest fruit firmness
value. Kandemir (2016) found that the hardest fruits
were obtained from the Amiga (0.61 kg/cm?), Fortuna
(0.41 kg/cm?), Monterey (0.43 kg/cm?), Benicia (0.43
kg/cm?), in the study he conducted using refrigerated
seedlings under plastic greenhouse conditions reported
that the San Andreas (0.44 kg/cm?) cultivars had the
lowest hardness value.

Fruit Color (L, C, h°)

The L value, which indicates the brightness of the
upper colors of the fruits, is given in Table 8. The differ-
ences between the cultivars were found to be statistically
significant. In 2019, the highest brightness (L) among
cultivars were determined in San Andreas (L=35.77).
This cultivar was followed by Portola (L=34.34), Albion
(L=33.21) and Monterey (L=31.51), respectively. In the
second year of the study, as in the first year, the highest
brightness (L) was determined in San Andreas
(L=36.82). This cultivar was followed by Portola
(L=34.91), Albion (L=33.54) and Monterey (L=31.46),
respectively (Table 8).

Table 8
Fruit color L (brightness) values of strawberry cultivars

Fruit color L (brightness)

Cultivars

2019 2020
Albion 33.21 bc 3354¢c
Monterey 3151c 31.46d
Portola 34.34 ab 3491b
San Andreas 35.77 a 36.82a

One of the most important quality factors in straw-
berries is fruit color. In addition to other quality features,
fruit appeal is also very important in the supply of fresh
strawberries to the market, increasing the demand for
fruit. The outer color of strawberry fruits is accepted as
an indicator of maturity and quality in the market. For
this reason, studies have been carried out on the subject.
In the study conducted in Kayseri, Alan (2013) deter-
mined the average fruit L value with the lowest 28.51 in
Crystal and the highest 33.90 in Fern cultivars. In a study
in Korea, the highest 'L' value was found in San Andreas
and Rubygem cultivars (Ruan et al., 2013). Misir (2016)
found the highest L value in Rubygem with 75.1 and the
lowest value in Sweet Ann with 52.7 in his study. Oguz
(2019) determined that Sweet Ann (33.44) and San An-
dreas (32.27) were the cultivars with the highest bright-
ness (L) values among the varieties in his study in
Eskigehir conditions.

Differences in fruit color C (color intensity) values
were determined between cultivars (Table 9). In 2019,
the cultivar with the highest fruit color 'C' was deter-
mined as San Andreas (C=41.25). This variety was fol-
lowed by Portola (C=36.98), Albion (C=35.64) and
Monterey (C=32.38), respectively. In the second year of
the study, the cultivar with the highest fruit color 'C' was
determined as San Andreas (C=43.53). This cultivar was
followed by Portola (C=37.89), Albion (C=37.15) and
Monterey (C=34.13), respectively (Table 9).

Table 9
Fruit color C (color intensity) values of strawberry cul-
tivars

Fruit color C (color intensity)

Cultivars

2019 2020
Albion 35.64 b 37.15Db
Monterey 32.38¢ 34.13c
Portola 36.98 b 37.89b
San Andreas 41.25a 4353 a

Musir (2016) found the highest C value in Sweet Ann
(31.8), Fortuna (31.1) and Amiga (30.0) cultivars. The
lowest C value was followed by Festival (17.0) and Ru-
bygem (18.6). The values of Albion (C=22.5), Monterey
(C=25.1) and San Andreas (C=27.9) cultivars used in
this study were found to be lower than our study. In an-
other study conducted in Samsun, the highest C value
was found in Amiga (38.6) and the lowest in Benicia
(29.8). In other cultivars used, C values were determined
as Fortuna (36.5), Monterey (34.9), Camarosa (34.0),
Rubygem (33.0), Albion (32.4), Festival (32.0), San An-
dreas (31.9) and Sweet Ann (31.0) respectively (Kan-
demir, 2016). Oguz (2019) determined the varieties with
the highest fruit color “C” in Eskisehir conditions as San
Andreas (35.80) and Sweet Ann (35.76).

The h° value, also known as the color angle value,
which indicates the lightness or darkness of the fruit col-
ors, is given in Table 10. It is known that the smaller the
color angle value (h°), the darker the fruit color, and the
larger it is, the lighter the fruit color.

In the first year of the study, the cultivar with the
darkest fruit among the varieties was Monterey, and the
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lightest colored cultivar was San Andreas. In other cul-
tivars, it was determined as Portola (h°=32.06) and Al-
bion (h°=32.92) from dark to light, respectively. In the
second year, the variety with the darkest fruit among the
varieties was determined as Portola, and the lightest col-
ored variety was determined as San Andreas, as in the
first year. Monterey (h°=32.15) and Albion (h°=32.98)
were determined in other cultivars from dark to light, re-
spectively (Table 10).

Table 10
Fruit color h® (color angle value) values of strawberry
cultivars

Fruit color h° (color angle value)

Cultivars 2019 2020

Albion 3292a 32.98 ab
Monterey 30.33b 32.15ab
Portola 32.06 ab 31.46¢c
San Andreas 33.57a 3476 a

Misir (2016), the darkest red fruits in Sweet Ann
(h°=55.4) and Amiga (h°65.5); the lightest red fruits
were determined in Festival (h°=127.7), Rubygem
(h°=119.9), Camarosa (h°=115.9) and Benicia
(h°=109.2) cultivars, respectively. Kandemirli (2016),
in his study, determined that Sweet Ann (h°=59.1) had
the lightest colored fruit, while Camarosa (h°=39.2) had
the darkest fruit. In addition to these cultivars, he deter-
mined other measurements as h°=40.3 in Monterey,
h°=49.7 in Albion and h°=56.9 in San Andreas. In the
study conducted by Oguz (2019), in Eskisehir condi-
tions, it was determined that the cultivars with the dark-
est fruit were Redlans (h°=23.30) and Albion
(h°=23.41), and the cultivar with the lightest fruit was
Sweet Ann (h°=32.22) has done.

Total soluble solids (TSS) (%)

In 2019, it was determined that the amount of TSS in
cultivars varied between 8.60-12.40%. The lowest
amount of water-soluble dry matter was found in Mon-
terey with a value of 8.60%, and the highest amount of
water-soluble dry matter was determined in Albion with
a value of 12.40%. It was determined that Monterey and
Portola cultivars were in the same group statistically
(Table 11). TSS value of cultivars in 2020 varied be-
tween 13.00-15.10%. The lowest amount of water-solu-
ble dry matter was found in Monterey with 13.00% and
the highest in Albion with 15.10%. It was determined
that the TSS values obtained in the second year of the
study were above the values obtained in the first year. It
was determined that the statistical differences in the
amount of soluble dry matter between the varieties in the
second year were significant (Table 11).

Table 11
TSS amounts of strawberry varieties (%)

TSS values (%)

Cultivars 2019 2020

Albion 1240a 15.10b
Monterey 8.60c 13.00 a
Portola 9.20c 13.10a
San Andreas 10.40b 14.80 b

TSS ratios are important in terms of affecting the
taste of fruits. Therefore, it has been studied in many
studies. Alan (2013), in his study in Kayseri, determined
the amounts of TSS in the range of 8.46% (Redlanshope)
and 10.13% (Fern). Ozbahgali (2014), in his study in Er-
zurum, reported that TSS values ranged between 7.3%
(Kabarla) and 9.5% (Rubygem). Misir (2016) deter-
mined the highest TSS content in Albion with 6.8% in
the study conducted in Samsun. In another study con-
ducted in Samsun conditions, the highest TSS content
among the cultivars was determined in Festival (6.8%),
Rubygem (6.7%), Monterey (6.5%) and Albion (6.5%)
(Kandemir, 2016). Oguz (2019), in his study in
Eskisehir, found the highest TSS content in Sweet Ann
(7.98%) and the lowest in San Andreas (6.26%). Zanin
et al. (2019) reported in a study conducted in Brazil that
the contents of TSS varied between 7.50 and 9.50%. In
this study, Albion was determined as 8.53%, Monterey
8.00% and Portola 7.63%. Ozok (2021), in his study
conducted in Bursa, determined that the amounts of TSS
varied between 6.4% and 9.9%. When the results we
have obtained are compared with the results of the stud-
ies on the subject, it can be said that the rates of TSS are
generally high.

Titratable Acidity (%)

In 2019, the titratable acidity values of the cultivars
were determined to vary between 1.09% and 1.15%. The
highest titratable acidity value of the cultivars was found
in San Andreas (1.15%), followed by Albion and Portola
(1.14%), and the lowest (1.09%) in Monterey. Accord-
ing to the statistical evaluation, only Monterey variety
was in a different group from other varieties. According
to 2020, the differences between the titratable acidity
values of the cultivars were found to be statistically sig-
nificant. In the second year, it was determined that the
titratable acidity of the cultivars varied between 1.23%
and 1.69%. The lowest titratable acidity value was de-
termined in Portola (1.23%) and the highest in Albion
(1.69%) (Table 12).

Table 12
Titratable acidity values of strawberry cultivars

Titretable acidity (%)

Cultivars 2019 2020
Albion 114 a 1.69a
Monterey 1.09b 147a
Portola 1.14a 1.23b
San Andreas 1.15a 1.36b

Titratable acidity values of strawberry juices are be-
tween 0.05% (Redlanshope) and 0.09% (Fern) in the
conditions of Alan (2013), Kayseri conditions, between
0.48% (Fortuna) and 0.75% (Albion) in Misir (2016),
Samsun, Oguz (2019) reported that it varies between
0.38% (Redlans Hope) and 0.43% (Sweet Ann) in
Eskisehir. In another study conducted in Samsun condi-
tions, they found the titratable acidity value to be 0.70%
in San Adreas and 0.69% in Albion and Monterey culti-
vars (Soysal et al., 2019). Ozok (2021), in his study un-
der Bursa conditions, determined the highest titratable
acidity value in Pineberry (0.91%), while the lowest
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value was found in Monterey (0.53%). The values ob-
tained in our study are generally compatible with the lit-
erature data.

pH

In 2019, the pH values of the cultivars changed be-
tween 3.75-3.83, the lowest pH was 3.75 in San Andreas
and the highest pH was 3.83 in Portola cultivars. When
the pH values of the cultivars were examined in 2020, it
was determined that they ranged between 3.81-3.85. The
lowest pH value was determined in Monterey (3.81) and
the highest in San Andreas (3.85) cultivars. The pH val-
ues between the cultivars were statistically found in the
same group (Table 13).

Table 13
pH values of strawberry varieties

. pH values
Cultivars 2019 2020
Albion 3.78 ab 3.83
Monterey 3.79ab 3.81
Portola 3.83a 3.83
San Andreas 3.75b 3.85

N.S.

N.S.: Non-significant

Gidemen (2003) found the highest pH content in
Sweet Charlie as 3.59 in the study conducted by the
summer planting method in the high tunnel in the Amik
Plain. Alan (2013) reported that the highest pH amount
in Kayseri conditions was in Redlans Hope (3.60).
Ozbahgali (2014) determined that pH values varied be-
tween 2.3 (Kabarla) and 2.9 (Rubygem) in Erzurum con-
ditions. Oguz et al. (2017) determined that the pH was
in the range of 3.61-3.85 (San Andreas—Monterey) un-
der Nevsehir conditions. Kili¢ and Yilmaz (2017) deter-
mined that pH values varied between 2.69 and 3.75 in
Kayseri ecological conditions. Colak et al. (2019) ob-
served that the highest pH value was found in Sweet Ann
(3.06) cultivar in Kayseri conditions.

Vitamin C

In 2019, the vitamin C values in the cultivars varied
between 54.42-68.22 mg/100 g, the lowest vitamin C
value was found in San Andreas with 54.42 mg/100 g
and the highest vitamin C value was found in Portola
cultivars with 68.22 mg/100 g. When the vitamin C val-
ues in varieties were examined in 2020, it was deter-
mined that they ranged between 43.06-54.28 mg/100 g.
The lowest vitamin C value was determined in San An-
dreas (43.06) and the highest in Monterey (54.28). Vita-
min C values between the varieties were found to be sta-
tistically significant (Table 14).

Table 14
Vitamin C values of strawberry varieties
Vitamin C (mg/100 g)

Cultivars 2019 2020

Albion 54.77 c 5091b
Monterey 58.26 b 54.28 a
Portola 68.22 a 50.91b
San Andreas 5442 c 43.06 ¢

Fresh fruits are an important source of vitamin C,
which is important for human health. Strawberry fruit is
known to contain high vitamin C in general. In the stud-
ies, Kaynas and Giinay (2003), 16.5-68.9 mg/100g;
Gidemen (2003), 45.6-48.9mg/100g; Ozbahgali (2014)
found it between 38.0-56.0 mg/100g. Kandemir (2016)
reported that in the study conducted in Samsun condi-
tions, the content of vitamin C varied between 12.4-33.6
mg/100g, the highest vitamin C value was obtained from
Rubygem with 33.6 mg/100g, followed by Benicia with
24.4 mg/100g. In the study conducted in Giresun prov-
ince, the highest value in terms of vitamin C was ob-
tained from Fortuna (101 mg/100g) (Islam et al., 2019).
Temacico et al. (2019) reported that they obtained the
highest vitamin C value from Garda (96.80 mg/100 g) in
Romanian conditions. Our findings on vitamin C con-
tent within the current literature are around the averages
given for strawberries.

4. Conclusions

Strawberry has an important share among berry
fruits in the world. Turkey is an important country in
world strawberry production. The interaction of envi-
ronment and genotype is particularly important in straw-
berry. In order for a cultivar to be recommended to a re-
gion, adaptation studies must be done. In this study, the
characteristics of some strawberry cultivars in Eregli
district of Konya province were investigated.

The highest yield was obtained from Portola in two
years in the cultivars included in the experiment. The
difference in the yields obtained in the experimental area
from the previous studies was due to the very high lime-
induced plant growth problems in the area. Chlorosis is
seen in calcareous soils because calcium prevents iron
intake. It was determined that although the plants were
given lIron (Fe) during the growing period, the deaths
continued and significantly affected the yield.

In the experiment, the highest fruit weight was ob-
tained from Monterey (8.19 g) in the first year and from
Portola (7.72 g) in the second year. The highest number
of fruits per plant was obtained from Portola (11.85-8.20
units/plant) in both years. The highest fruit firmness was
determined in Monterey (1.47-1.49 kg/cm?) in both
years. The highest SSCM content was determined in Al-
bion (12.40-15.10%) in both years.

Color is one of the important quality criteria in terms
of marketability in strawberries. In the experiment, the
highest L (brightness) values were observed in San An-
dreas (35.77-36.82) in both years. The highest C (color
intensity) value was determined in San Andreas (41.25-
43.53) in both years. The darkest red fruits were ob-
served in Monterey (h°=30.33) and Portola (h°=32.06)
in the first year, and in Portola (h°=31.46) and Monterey
(h°=32.15) in the second year.

When the data obtained in the study were evaluated
in general, it was concluded that Portola can be recom-
mended among the cultivars examined for strawberry
cultivation in the open under the conditions of Konya
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province Eregli. Considering that new strawberry culti-
vars are introduced to the market almost every year, we
can say that adaptation studies of varieties for the region
should be continued.
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In this study, pomegranate peels were dried using three different drying methods,
vacuum, microwave and convective. Dried peels were ground into powder and
replaced (0, 5 and 10%) with whole wheat flour in chips formulation to enhance
functional properties of chips. Some physical (diameter, thickness, spread ratio
and weight), chemical (total phenolic content and antioxidant activity), color and
texture properties of chips samples were determined. While the chips obtained
with addition of microwave dried peels were brighter, higher values of yellow-
ness were determined with vacuum dried peels. The increased ratio of pome-
granate peel powder caused a decrease in diameter and spread ratio values of
chips. The utilization of 10% pomegranate peel powder decreased the hardness
of the chips samples. The addition of pomegranate peel powder was increased
in total phenolic content and antioxidant activity of chips. As a result, pomegran-
ate peel powder can be used as a functional ingredient in snacks product formu-

lation.

1. Introduction

Health consciousness and a healthy lifestyle increase
consumers' demand for functional snacks to provide
more nutritional sources in the daily diet. Today, many
snack products such as chips, crackers, biscuits and
cakes are offered for consumption. Many attempts and
studies on the improvement of the functional and nutri-
tional properties of snack products have been found in
the food industry. For this purpose, there are studies car-
ried out using Moldavian dragonhead leaves in corn
snacks (Wojtowicz et al., 2017), tomato in functional
snacks (Wojtowicz et al., 2018) and Dracocephalum
moldavica L. seeds in snacks (Oniszczuk et al., 2021) in
the literature.

Pomegranate peel, which is an important waste prod-
uct, constitutes approximately 40% of the fruit. Pome-
granate peel has a high dietary fiber content (72.68% /
100g) (Gullon et al. 2015), and the majority of dietary
fiber (42.53% / 100g) is water-insoluble dietary fiber
(Viuda-Martos et al., 2013). Compared to the pulp part
of the pomegranate peel, the total phenolic content, total
flavonoid, proanthocyanidin and ascorbic acid amounts
are approximately 10-fold, 4-fold, 2-fold and 1.2-fold
higher, respectively (Negi et al., 2003). Various phe-

* Corresponding author email: dr.nilgunertas@gmail.com

nolic substances taken into the body with the consump-
tion of pomegranate peel can have a reducing effect on
cardiovascular diseases, cancer varieties, hypoglycemic,
apoptotic, anti-inflammatory, anti-parasitic (Sikora et
al., 2008; Anderson et al., 2009; Abdel-Rahim et al.,
2013). Pomegranate peel powder and extract are in-
cluded in many product formulations such as bread (Al-
tunkaya et al., 2013), biscuit (Ismail et al., 2014), sponge
cake (Zhang et al., 2017) and bio-yogurt (Ibrahim et al.,
2020).

Drying is one of the oldest methods of removing wa-
ter that causes product deterioration due to microbial
growth and chemical reactions. Convective hot air, mi-
crowave, infrared and vacuum are common in drying
techniques. Drying type and condition have an im-
portant effect on the quality of end-products (Siifer et
al., 2017).

Convective hot air drying is the most common
method used for drying food. This drying method has
high drying temperature, long drying time and negative
effects on nutritional and sensorial properties. Vacuum
and microwave drying has several advantages such as
lower drying temperature, higher drying rate, uniform
energy transmission on the material and suitable end-
product properties (Incedayi et al., 2016; Demiray et al.,
2017).
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Consequently, by-products that are obtained during
the processing of pomegranate cause environmental pol-
lution and economic losses. Evaluation of nutritionally
and functionally valuable these by-products are im-
portant in terms of both food enrichment and economic
gains. The objective of this study was to investigate the
effect of using pomegranate peel powder in the formu-
lation of chips.

2. Materials and Methods

2.1. Materials

The ingredients used in chips production, whole
wheat flour, red pepper powder, garlic powder, cumin
and salt were purchased from local markets. Pomegran-
ate was purchased from the local market and washed and
the peel was separated by manually removing the seeds.
Peels were sliced with the size of 2 mm.

2.2. Drying methods

Fresh pomegranate peels were dried until a constant
weight by various drying methods as follows. The peel
was dried using three different methods; hot-air drying,
microwave drying and the vacuum drying. i) convec-
tional hot-air drying; fresh pomegranate peels were kept
in the pre-heated hot air oven (model KD 200, Niive,
Turkey) at 60 °C for 12h; ii) a microwave drying was
performed at 360 W for 25 min; (LG SolarDOM, MP-
9485, Seul, South Korea) iii) vacuum drying was per-
formed at 60 °C for 7 h, (JSR, JSVO-60T, Gongju,
South Korea) respectively. The dried peels were ground
with a grinder (Alveo, AHE.OG.01, Konya, Turkey)
and sieved with a 500 um sieve to obtain pomegranate
peel powder. Pomegranate peel powders stored at room
temperature (25 °C) in polyethylene bags until further
analyses.

2.3. Chips production

The basic formulation of chips production was
formed 100 g whole wheat flour, 2.5 g salt, 2 g garlic
powder, 1 g red pepper powder, 1 g cumin, and water.
Other samples were produced by replacing 0, 5 and 10
% flour with pomegranate peel powder dried with dif-
ferent methods. All ingredients were mixed with a Ho-
bart mixer (Hobart UK, London). The water in the
dough formulation was gradually added to the mixture
and mixed. The obtained chips dough is wrapped in
cling film. The hydration was provided by wrapping it
and keeping it in the dark for 30 minutes. The obtained
chips dough was divided into 2.5 g pieces and the dough
pieces were compressed in between two Teflon plates

2.6. Statistical analysis

All measurements were performed in duplicate for
each sample. The results were expressed as mean =+
standard deviation. Statistical analyses were performed
using the Statistical software JMP 5.0.1 (SAS Institute).
The averages of the main variation sources were com-
pared at p < .05 level.

for 2.5 min at 300 °C. Chips samples were stored at
room temperature until used for further analysis.

2.4. Physical analysis

Color analysis of chips samples was carried out us-
ing Hunter Lab Chroma Meter (Minolta CR-400, Osaka,
Japan). Color values of the chips were recorded as L*
indicted the lightness, which varies from 0 to 100 (black
to white), a* varies from negative to positive (green to
red), and b* from negative to positive (blue to yellow).
a* and b* values were used to calculate the saturation
index (SI) ([a? + b?]*?) and hue angle (arctan [b*/a*]).
Firstly, the instrument was calibrated with a white ref-
erence tile. Then, the color measurement values were
determined three times and at five different points for
each sample

The diameter and thickness of the chips samples
were measured with a digital micrometer (0.001mm,
Mitutoyo, Minoto-Ku, Tokyo, Japan). Diameter and
thickness measurement values were determined at five
different points for each sample. The spread ratio was
found using the following equation:

Spread ratio = Diameter / Thickness

The hardness and fracturability values of the chips
samples were measured using a texture analyzer (TA-
XT plus, Stable Microsystems, England). The test con-
ditions in this study were as follows: Pretest speed: 1.0
mm/s, test speed: 3.0 mm/s, posttest speed: 10 mm/s,
distance: 5 mm.

2.5. Chemical analysis

Extracts of chips samples for total phenolic content
(TPC) and antioxidant activity analyses were carried out
by agitating 2 g sample with 10 ml solvent (metha-
nol:HCl:water, 8:1:1, v/v/v) in a shaking water bath at
room temperature (25 °C) and by centrifugation at 3.000
rpm for 10 min. TPC was determined using Folin-Cio-
calteu method. TPC content was measured with a Bio-
chrom spectrophotometer (Biochrom, Libra S22, Eng-
land) at 760 nm. Results were expressed as milligrams
of gallic acid equivalents (GAE) per 100 g of dry weight
(Gao et al., 2002; Beta et al., 2005).

Antioxidant activity was carried out using the DPPH
(2-2-Diphenyl-2-picrylhydrazyl) method (Gyamfi et al.,
1999; Beta et al., 2005). The DPPH scavenging capacity
was determined as spectrophotometric (Biochrom, Libra
S22, England) by measuring the decrease in absorbance
at 517 nm. Antioxidant activity value as inhibition per-
centage was calculated according to equation:

Inhibition%=[(Abscontrol-Abssample)/Abscontrol]x
100

3. Results and Discussion

Product color plays an important role in food selec-
tion by influencing taste thresholds, sweetness percep-
tion, acceptability, food preference, and pleasantness
(Clydesdale,1993). Color values of chips samples are
given in Table 1. According to pomegranate peel drying
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methods, the highest L* values, brightness of chips sam-
ples were obtained with microwave, followed by vac-
uum and convection dried samples (p<0.05). Pomegran-
ate peel drying methods found no significant (p>0.05)
on chips a* values. Similar to the brightness, the drying
method caused a significant change in b* value of the
chips samples. Among pomegranate peel drying meth-
ods, only vacuum drying had a significanly higher yel-
lowness values of the chips, but convection and micro-
wave drying methods were determined as similar ac-
cording to b* values.

When the results were compared in terms of substi-
tute ratio, high usage rates significantly caused a signif-
icant decrease from 61.16 to 55.54 in L* values, from
8.49 to 5.97 in a* values and from 24.62 to 18.83 in b*
values. This decrease in L* and b* values can be ex-
plained by decomposition of chlorophyll and other pig-
ments and the increase in enzymatic and non-enzymatic

browning reactions during baking with high utilization
ratio of pomegranate peel powder in the formulation
(Maskan, 2001; Bolek, 2020). A similar result was also
reported a decrease in L* and b* values of cookies with
the incorporation of pomegranate peel (Ismail et al.,
2014). According to the pomegranate peel drying meth-
ods, the highest saturation index values were determined
in chips samples containing vacuum drying powder. The
saturation index values of the chips samples in the pre-
sent study are given in Table 1, saturation index value
(23.72) and of chips produced by vacuum dried pomeg-
ranate peel was signifcantly higher than that of convec-
tion dried pomegranate peel (22.73) and microwave
dried pomegranate peel (22.31). It can be seen that the
higher the substitute ratio of pomegranate peel powder,
the greater the decrease (p < 0.05) in saturation index
(from 26.04 to 19.76). Differences in hue angle values
were found no significant in terms of pomegranate peel
drying methods and substitute ratio (p>0.05).

Table 1

Color properties of chips samples.
Factor L* a* b* Saturation Index Hue Angle
Pomegranate peel drying
methods
Vacuum 58.06+2.55° 7.54+0.892 22.48+2.162 23.72+2.308 71.47+1.092
Convection 55.62+4.74¢  7.22+1.312 21.55+£3.03° 22.73£327° 71.56£1.062
Microwave 60.68+0.49%  6.82+1.412 21.23+£2.78° 22.31£3.05° 72.31£1.602
Substitute ratio (%)
0 61.16+0.042 8.49+0.192 24.62+0.252 26.04+0.182 70.98+0.582
5 57.66+£2.40°  7.12+0.76° 21.81£1.08° 22.95+£1.21° 71.95£1.332
10 55.54+4.41°¢ 5.97+0.61° 18.83+1.11° 19.76+1.17°¢ 72.41+1.412

Means followed by the same letter within a column are not significantly different from each other (p> 0.05).

The effect of the pomegranate peel drying methods
and substitute ratio on the diameter, thickness and
spread ratio values of chips samples are shown in Table
2. In terms of the pomegranate peel drying methods, the
diameter, thickness and spread ratio values of chip sam-
ples dried vacuum, convection and microwave were
changed between 42.35 mm and 43.10 mm for diameter;
1.28 mm and 1.45 mm for thickness; and 30.03 and
33.85 for spread ratio values, respectively. However,
these value differences were found to be insignificant
(p>0.05).

Table 2

When diameter and thickness values were evaluated
in terms of substitute ratio, it was observed that as pom-
egranate peel powder substitute ratio increased, a signif-
icant decrease in the diameter values (p<0.05) and a
slight increase in the thickness values of chips samples
were determined (Table 2). The chips samples without
pomegranate peel powder had a higher spread ratio than
chips samples containing 5% and 10% pomegranate peel
powder. These results are consistent with Ranjitha et al.
(2018) reported that a decrease in the diameter in the
cookies samples containing a different ratio of pome-
granate peels and defatted soybean flour combination
(Ranjitha et al., 2018) and pomegranate peel (Jandal and
Naji, 2021).

Diameter, thickness and spread ratio properties of chips samples.

Factor Diameter (mm) Thickness (mm) Spread ratio
Pomegranate peel drying

methods

Vacuum 42.3542.792 1.28+0.19? 33.85+6.922
Convection 42.95+2.118 1.45+0.152 30.03+4.712
Microwave 43.10+2.372 1.35+0.152 32.29+4.192
Substitute ratio (%)

0 45.50+0.00? 1.23+0.14° 37.26+4.00?
5 42.68+0.87° 1.35+0.10% 31.78+2.65°
10 40.224+0.84° 1.50+0.172 27.12+3 420

Means followed by the same letter within a column are not significantly different from each other (p> 0.05).
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Weight, hardness and fractuability properties of
chips samples are presented in Table 3. Drying methods
used in pomegranate peel and substitute ratio demon-
strated no significant effect on weight values of chips
samples. When the results are examined in terms of
pomegranate peel drying methods, the hardness values
of chip samples were shown a difference between
1019.77 g and 1202.57 g. Moreover, according to the
substitute ratio, the lowest hardness value was found in
the chips samples containing pomegranate peel powder
at 10% ratio, while the hardness value of chips samples
without pomegranate peel powder and containing 5%
pomegranate peel powder were found a similar
(p>0.05). The hardness value associated with the gluten

Table 3

Weight, hardness and fractuability properties of chips samples.

network structure refers to the force necessary to break
the end-product. The hardness value associated with the
gluten network structure refers to the force necessary to
break the end-product (Urganci and Isik, 2021). The de-
crease in the gluten network leads to be weaker and frag-
ile structure of the product (Silva et al., 2013). There-
fore, the decreased gluten structure with the high substi-
tute ratio of pomegranate peel powder in the chips for-
mulation decreased the hardness values in this study. In
the chips, samples containing vacuum dried pomegran-
ate peel powder was lower fractuability values than that
of others. As seen in Table 3, the substitution ratio had
no significant effect on the fractuability values of the
chips samples.

Factor Weight (g) Hardness (g) Fractuability (mm)
Pomegranate peel drying methods

Vacuum 1.20+0.092 1019.77+250.54° 31.76+0.26°
Convection 1.20+0.112 1119.59+129.15% 31.96+0.13%
Microwave 1.18+0.102 1202.57+72.752 32.01+£0.042
Substitute ratio (%)

0 1.30+0.002 1245.96+33.78% 31.90+0.182

5 1.18+0.082 1143.76+115.782 31.86+0.282

10 1.10£0.002 952.21+192.18° 31.98+0.102

Means followed by the same letter within a column are not significantly different from each other (p> 0.05).

Total phenolic content and antioxidant activity val-
ues of chips samples are given in Table 4. When the re-
sults were compared in terms of pomegranate peel dry-
ing methods; it was seen that the TPC values of the chips
samples incorporation with different drying pomegran-
ate peel powder was found significantly similar
(p>0.05). TPC values of chips samples with vacuum,
convection and microwave drying pomegranate peel
powder were determined 36.98 mg GAE g, 35.67 mg
GAE g-! and 36.66 mg GAE g, respectively (p>0.05).
As shown in Table 4, an increase in the substitution ratio
of pomegranate powder used in the chips formulation
was significantly increased in TPC values (p <0.05). The
use of the highest substitution ratio provided a 1.33-fold
increase in TPC values in chips samples. Salem et al.
(2020) reported that pomegranate peel powder increased

Table 4

the TPC of biscuit samples in parallel with an increased
substitution ratio.

The antioxidant activity values of chips samples con-
taining vacuum, convection and microwave drying pom-
egranate peel powder were found as 80.59%, 79.47%
and 80.88%, respectively, but this difference was found
to be insignificant (p>0.05). When the antioxidant activ-
ity content is evaluated in terms of the pomegranate peel
powder substitute ratio, antioxidant activity values in-
creased from 71.91% to 86.55 with an increasing ratio
(from O to 10%). A similar trend was recorded by Ur-
ganci and Isik (2021) reporting a significant increase in
both TPC and antioxidant activity values of biscuits for-
tified with pomegranate peel powder.

Total phenolic content and antioxidant activity properties of chips samples.

Factor

TPC Antioxidant activity

(mg GAE g)

(%)

Pomegranate peel drying methods

Vacuum 36.98+13.332 80.59+6.85°
Convection 35.67+£12.528 79.47+£6.772
Microwave 36.66+12.902 80.88+7.222
Substitute ratio (%)

0 20.06+£0.91°¢ 71.91+£7.22°¢
5 42.41+1.60° 82.47+2.33P
10 46.85+1.932 86.55+1.632

Means followed by the same letter within a column are not significantly different from each other (p> 0.05). Chemical analysis

results are given on dry matter. TPC: Total Phenolic Content.
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4, Conclusion

This research was supported by the TUBITAK Pub-
licFoundationsResearch-Development ProjectsSuppor-
tingProgramme (1007) project, number 106G053. The
authors would like to acknowledge the financial support
of TUBITAK and to thank the Director of the Project,
Prof. Dr. Ismail CAKMAK.

In this study, the effect of pomegranate peel dried
with three different methods on chemical, physical,
color and texture properties of chips samples was stud-
ied. In terms of the pomegranate peel drying methods, a
protective effect was shown microwave drying on the
L* value and vacuum drying on the b* value. The in-
crease of pomegranate peel powder content showed a
decreasing effect on L*, a* and b* values. Pomegranate
peel powder caused a decrease in diameter and spread
ratio, and an increase in thickness values. Hardness val-
ues of chips samples decreased as the high used ratio of
pomegranate peel powder in the formulation increases.
Although the drying method did not have a significant
effect on the TPC and antioxidant activity values, the
high substitute ratio increased the TPC and antioxidant
activity values. In conclusion, a new functional chips
production was developed by pomegranate peel powder
instead of whole wheat flour.
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The World Bank estimates that about 689 million people live on less than $1.90
a day globally. Sub-Saharan Africa and South Asia collectively account for 85%
of this number. In Kenya, 36.1% of the total population live below poverty line,
40.1% in rural and 29.4% in urban areas. This study seeks to determine the con-
tributing factors to rural poverty in Kenya, identify the eradication strategies,
and reveal the gaps in the strategies. The study relies on secondary sources of
data, including government reports, research articles, theses, international organ-
izations’ reports etc. It applies correlation and regression methods of data anal-
ysis to test the hypotheses. The study established that the lack of, and inaccessi-
bility of water and food are aggravating factors of rural poverty, while poverty
levels do not drop with an increase in the household land size. It also revealed
that increasing the income levels of individuals in rural areas reduces poverty.
Finally, the study identifies inadequate community participation, political inter-
ference, embezzlement of funds, underfunding, resistance to devolution, less
transparency and accountability, and duplication of roles as gaps in the strate-
gies. The study proposes sealing the gaps to strengthen the strategies and inform

future policies formulation efforts for successful poverty eradication.

1. Introduction

Poverty reduction is a priority nationally, regionally,
and globally. However, the efforts have been impeded
due to the use of conflicting definitions and measure-
ment methods of poverty by different countries. Some
have adopted a multidimensional approach to poverty
measurement that addresses wider aspects of wellbeing
including access to health, housing, and other social as-
pects aspects (Haveman & Wolff, 2004; Kan et al.
2018). On the other hand, economists tend to define pov-
erty based on hardship, which reflects how much re-
sources a family or an individual can access or their eco-
nomic well-being and position. Studies have shown that
poverty is mainly a rural phenomenon. The World Bank
(2020) reported that 80% of the world poor live in rural
areas despite rural population accounting for just 48% of
the world population. The proportion grows to 83.5%
when multidimensional aspects of deprivation are con-
sidered (Suttie, 2019). This disparity between urban and
rural areas could be attributed to ‘urban bias’, which has
resulted in the insufficient allocation of development re-
sources to agriculture and rural economy (Bezemer &
Headey, 2008). Therefore, the probability of suffering
poverty and other deprivation in the rural areas where

* Corresponding author email: agayiagayi@gmail.com

the global poverty rate of 17.2% is three times that in
urban areas (5.3%) (Suttie, 2019).

The World Bank (2021) estimated that 9.2% of the
world population (689 million people) lived on less than
$1.90 a day by 2017. The numbers rise to 24.1% and
43.6% when the poverty line is $3.20 and $5.50 a day,
respectively. Sub-Saharan Africa and South Asia re-
gions collectively account for 85% of the total world
poor, with more than a half of poor living in just the five
most populous countries i.e., India, Nigeria, Democratic
Republic of Congo, Ethiopia, and Bangladesh (Roy &
Divyanshi, 2019). In South Asia the numbers declined
by half between 1993 and 2015, while Sub-Saharan Af-
rica saw an increase from 276 million in 1990 to 413
million in 2015 (De-La-O-Campos, Villani, Davis, &
Takagi, 2018). Many Sub-Saharan Countries have since
prioritized agriculture-oriented programs to eradicate
poverty, with the sector being the main economic life for
most of the rural population, employing about 80% of
the active population and contributing between 30% and
50% to their Gross Domestic Product (GDP)
(Akouegnonhou & Demirbas, 2021). Kenya emphasizes
the provision of basic social services, economic growth,
and the creation of employment in its development goals
(Radeny, van den Berg, & Schipper, 2012). The focus
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on economic growth has yielded significant results in
Kenyan. The economy grew at an average of 5.3% be-
tween 2005 and 2016, a figure higher than the average
of 4.9% observed for Sub-Saharan Africa in the same
period (World Bank, 2018). However, the entrenchment
of poverty in rural parts of Kenya proves that the growth
has been skewed towards urban areas; a pointer to ‘ur-
ban bias’. The Kenya Integrated Household Budget Sur-
vey (KIBHS) report of the year 2005/06 found that 47%
of the Kenya population lived in poverty, with a major-
ity (85%) in the rural areas (World Bank, 2009). A dec-
ade later, the number had dropped to 36.1%. Neverthe-
less, the rural poor were still more than the urban poor
at 40.1% and 29.4% respectively (KNBS, 2018). The
global Multidimensional Poverty Index (MPI) method
developed Alkire-Foster provides higher figures. Ac-
cording to Oxford Poverty & Human Development Ini-
tiative, OPHI (2021), the MPI, covers 100 developing
countries and measures acute multidimensional poverty
by going beyond the traditional method of poverty
measurement that relies on monetary value. It captures
an individual’s deprivation in health, education, and liv-
ing standards. The paper therefore seeks to determine
the contributing factors to rural poverty in Kenya, iden-
tify the eradication strategies, and reveal the gaps in the
strategies. Addressing the gaps in the strategies would
be important in strengthening the existing policies and
inform future policy formulations for successful poverty
eradication.

2. Measurement of Poverty

Development progress in the world increasingly is
measured based on the number of people living in ex-
treme poverty. High numbers are indicative of low de-
velopment progress. Countries have therefore adopted
different strategies to alleviate poverty, which continues
to be a pressing issue globally. Extreme poverty eradi-
cation has been listed as the first goal of the United Na-
tions in its Agenda 2030 programs. This would be real-
ised by ensuring access to basic services, promoting
equal rights to economic resources, ownership of lands,
and natural resources (UN, 2015). These efforts are not
new though. As Ferreira et al. (2016) indicate, the global
efforts have been implemented through a) the Millen-
nium Development Goals (MDGs), which intended to
reduce by half the number of people living in extreme
poverty between 1990 and 2015, b) the World bank, that
in 2013 set a goal of ending poverty by 2030 and c) the
goal to eradicate extreme poverty in all its forms by 2030
through the Sustainable Development Goals (SDGS).

The meaning and measurement of poverty continue
to evolve with time to encompass all life dimensions as
opposed to the traditional view that focused on eco-
nomic capability. Economists for instance based their
definition on income levels and would determine the
poor according to the total headcounts of those below a
globally defined poverty line/income level or consump-
tion levels. This is the income poverty which is based on
the international poverty lines of US$1.90, US$3.20,

and US$5.50 per day, using the 2011 purchasing power
parity prices (Sumner, Hoy, & Ortiz-Juarez, 2020). In its
definition of the poor, the European Union goes beyond
the income boundary to include any person, family, or a
group of people with limited access to resources i.e., cul-
tural, material, and social resources, and therefore not
able to afford the minimum acceptable way of life in
member states (Gordon, 2006). To delink poverty from
just income measurement, the United Nations in 1995
included lack of access to basic services like education,
food water, and health, inadequate housing, social ex-
clusion and discrimination, high morbidity and mortal-
ity, and the unsafe environment as important poverty en-
abling factors (UN, 1996). Additionally, a more compre-
hensive and inclusive measurement of poverty known as
global MPI has been used in 100 least developed coun-
tries and complements the monetary measurement by in-
cluding other deprivations like education, health and liv-
ing standards (Alkire & Foster, 2011). Anyone deprived
of at least one-third of the weighted MPI indicators
could therefore be classified as multidimensionally poor
(OPHI, 2018).

3. Comparison of Rural and Urban Areas Poverty
in Kenya

Kenya has two levels of government: the national
and the 47 county governments. The constitution of
Kenya provides that the two levels are distinct and inter-
dependent, and would, therefore, work based on consul-
tation and cooperation (GOK, 2010). Most of these
counties are predominantly rural based on the classifica-
tion of the Urban Areas and Cities Act, which uses pop-
ulation threshold to designate urban areas and cities. The
Act defines the minimum population thresholds for a
city, a municipality, a town, and a market centre as
250,000, 50,000, 10,000, and 2,000 respectively (ROK,
2019). Therefore, most Kenyan regions that do not meet
the threshold have been categorized as urban. The 2019
Kenya Population and Housing Census Report estab-
lished that majority of the Kenyan population i.e.,
32,732,596 (68.82%) lived in rural areas while
14,831,700 (31.18%) lived in urban areas (KNBS,
2019b). Similarly, poverty is more widespread in the
Kenyan rural than urban areas. The World Bank (2016)
revealed that 90% of those in the bottom 40% of the in-
come distribution in Kenya, live in rural areas. The rural
areas also have high levels of illiteracy, child mortality
and poverty rates, poor access to basic services like san-
itation and electricity, and have approximately 8.3 mil-
lion people who depend on farming as the main source
of livelihood (Kai & David, 2020). However, with in-
creased urbanization which results in urban sprawl, the
agricultural areas are quickly transformed into other ur-
ban uses, particularly the residential land-uses, which
might affect the overall agricultural yield in the urban
areas (Caner & Engindeniz, 2021). Insufficient agricul-
tural capacity in these areas could lead to high poverty
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rates. Kenya classifies the poor into food poor, ex-
tremely poor and overall poor for effective analysis and
understanding of the poverty situation.

First, the government uses the extreme poverty
measure to determine poverty rates in the country. The
World Bank, which is the main source of global infor-
mation on extreme poverty revised the ‘International
Poverty Line’ to $1.90 in 2015. Individuals living on
less than 1.90 international dollars a day are classified as
extremely poor (Cruz, Foster, Quillin, & Schellekens,
2015; Roser & Ortiz-Ospina, 2013). The line is calcu-
lated based on the monetary value of an individual’s
consumption. Likewise, the national poverty line in
Kenya is determined based on an individual’s or house-
hold’s consumption. There are different lines for rural
and urban areas due to differences in the prices of goods
which affect the cost of living. The monthly national ex-
treme poverty lines for urban and rural areas in Kenya
have been set at Kenyan shilling (KSh) 1,954 (equiva-
lent to US$ 0.6 per day) and KSh 2,551(US$ 0.8 per day)
respectively. If the monthly adult equivalent total con-
sumption expenditure per individual is less than the stip-
ulated amount, an individual or household is considered
to live in extreme poverty. The 2015/16 KIHBS deter-
mined 8.6%, (nationally), 11.2% (rural areas), 6% (peri-
urban) and 3.4% in core-urban live in extreme poverty
(KNBS, 2018). The global MPI shows that there are
13.3% (nationally), 4.3% (urban) and 18.0% (rural) who
are categorized as ‘severe poor’ (OPHI, 2020). Both
measurements indicate that more people in the rural ar-
eas are living in extreme poverty.

Food consumption is the second measurement of
poverty in Kenya. The Food and Agriculture Organiza-
tion (FAQ) estimates that over 820 million people are
undernourished due to lack of food, (FAO, IFAD,
UNICEF, WFP, & WHO, 2019). The United Nations
aims to eradicate poverty and achieve food security by
ensuring zero hunger. This could be realized by address-
ing key areas of food security i.e., availability, access,
stability, and utilization as identified in the World Food
Summit of 1996 (Caraher & Coveney, 2016). The FAO
recommended per capita food consumption per person
per day is 2800 kcal, subject to regional variations
(FAO, 2020). The 2015/16 KIHBS report revealed that
32% of Kenyans (35.8% in rural areas, 29.4% in peri-
urban and 23.8% in urban areas) are unable to consume
the minimum daily calorific requirement of 2,250 Kcal
determined by the government (KNBS, 2018). The food
poverty line in Kenya is thus the average expenditure
(excluding the non-food expenditures) needed to attain
the daily intake of 2,250 kilocalories, calculated as KSh
1,954 (US$ 0.6 per day) and KSh 2,551(US$ 0.8 per
day) for rural and urban areas, respectively (KNBS,
2018). Again, it has been determined that more people
in rural areas than urban areas live in food poverty.

Finally, ‘absolute’ or ‘overall’ poverty is a measure-
ment used to determine the proportion of the population
that cannot meet the minimum overall basic needs for
the consumption needs. The number of people living in
‘overall poverty’ may vary in a country depending on

the measurement used. Gentilini and Sumner (2012) ex-
plain that the national poverty lines (NPL) set by respec-
tive governments may yield different results from inter-
national poverty line (IPL) due to difference in method-
ologies and technical reasons. For instance, the overall
poverty rate in Kenya computed based on World Bank
revised 2011 PPPs of $1.90 per person per day was
37.08% in 2015 (Atamanov, Lakner, Mahler, Tetteh
Baah, & Yang, 2020). Developing countries prefer to
use the food-energy-intake (FEI) and the cost-of-basic
needs (CBN) methods when calculating their absolute
NPL (Ravallion, 2010). This may give a different result
from the IPL. The CBN method specifies a consumption
bundle that is thought to be adequate for basic consump-
tion needs and calculates its cost. The cost varies de-
pending on the targeted sub-groups like rural areas, ur-
ban areas, age, and gender. Individuals and households
whose monthly adult equivalent total consumption ex-
penditure per person is less than the determined poverty
lines are said to be ‘living in overall poverty’. The over-
all poverty line for the rural and urban areas have been
set at KSh 3,252 (equivalent to US$ 1.0 per day) and
KSh 5,995 (US$ 1.8 per day) respectively, therefore,
36.1% of Kenyan lived in overall poverty in 2015
(KNBS, 2018). The MPI gives a higher figure of 38.7%
(OPHI, 2020). Table 1 shows the overall poverty in ur-
ban and rural areas, as well as the national dimension in
Kenya using three different measurements compara-
tively.

Table 1
Overall poverty in Kenya
National Pov- Global International
Scale erty Line MPI Poverty Line
(KNBS) (OPHI) (IPL)
National 36.1% 38.7% 36.8%
Urban 29.4% 41.8% -
Rural 40.1% 48.3% -

Source: (KNBS, 2018), (OPHI, 2020) and (Atamanov et al., 2020)

The three measurements indicate that there are more
people living in poverty in the rural areas of Kenya than
the urban areas. Therefore, the probability of suffering
from poverty or deprivation in Kenya increases when
one lives in rural areas.

4. Materials and Methods

This study primarily relied on secondary data includ-
ing government reports, international organizations’ re-
search, academic articles, theses, conference papers,
among others. The bulk of quantitative data used in the
study analysis were derived from the different volumes
of Kenya Population and Housing Census Report of
2019, the Kenya Integrated Household Budget Survey
reports, the 2018 Basic Report on Well-being in Kenya,
and the 2019 Gross County Product report. The reports
have data on employment, income levels, economic ac-
tivities, housing, education, health and so forth, which
are crucial to understanding the wellbeing of the popu-
lation and cover the 47 counties. The 2019 Kenya Pop-
ulation and Housing Census Nairobi and Mombasa
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Counties classifies Nairobi as 100% urban, while major-
ity of the remaining 45 counties are predominantly rural
(KNBS, 2019c). As a result, data from Mombasa and
Nairobi Counties were excluded from this study whose
focus is rural poverty. The study sample size was 45,
representing the 45 counties with rural population.
These data in the reports are in government data sources
such as official reports, and were collected through pri-
mary data collection methods like survey, interviews,

Table 2
Study hypotheses

focus group discussions, administration of question-
naires etc. To understand the government strategies to
combat poverty in the rural areas, the study examined
government policies, legislations, and research articles.
These data were mainly qualitative that were analysed
using the content and interpretive analysis methods.
Seven hypotheses shown in table 2 were formulated to
examine the existence, the strength, and the direction of
the relationship between overall poverty and the contrib-
uting factors.

Variables

Hypotheses

Rural food poverty

Rural population L
overall poverty line in rural areas.
Rural agricultural

land ownership

Natural water

H1: Access to food in the rural areas could cause a significant drop in overall rural poverty.
Hz: A decline in rural population results in a fall in the number of people living below the

Ha: Rural households with bigger agricultural lands experience less overall rural poverty.

Ha: A reduction in the number of people in rural areas relying on natural water sources signi-

fies a drop in overall rural poverty in rural areas.

Rambling water
erty.

Commercial water

Rural income
poverty.

Hs: The higher number of rural populations using rambling water, the higher overall rural pov-

Hs: The higher use of commercial water sources, the lower overall rural poverty.
H~: The higher income levels among the rural population causes a decrease of overall rural

Source: Authors

The regression method of statistical data analysis
was relied upon to test the hypotheses and determine the
existence of a relationship between the independent var-
iables and overall rural poverty. Based on the outcome,
the hypotheses were either rejected or accepted. The
choice of multiple regression analysis technique for this
study was due to its ability to simultaneously predict and
explain the direct effects of multiple independent varia-
bles (not a single explanatory variable) on an outcome
variable while accounting for the direct effects of each
explanatory variables included in the model (Morrissey
& Ruxton, 2018).

Both quantitative and qualitative methods of data
analysis were employed in the study. The study focused
on two broad areas; the prevalence of rural poverty in
Kenya, and the eradication strategies employed by the
government. First, the study examined eight variables to
understand the rural poverty prevalence. They include a)
overall rural poverty, b) rural food poverty, c) rural pop-
ulation, d) rural household agricultural land ownership,
e) the use of natural sources of water, f) the use of ram-
bling water sources, g) the use commercial water
sources, and h) rural income. Parametric tests methods
i.e., correlation and regression analysis were employed
to test the hypotheses. Correlation analysis was used to
examine the direction and the strength of the relation-
ship between the variables. On the other hand, regres-
sion analysis helped in predicting the response of rural
poverty (dependent variable) from the seven contrib-
uting factors (predictors). Second, to understand the ef-

ficiency, and identify the gaps in rural poverty eradica-
tion strategies, a qualitative data analysis method was
applied. This involved the identification, interpretation,
and content analysis of the strategies adopted by the
government to realise rural development and achieve a
balanced regional growth.

5. Evaluation and Discussion

The forty-seven devolved units and the national gov-
ernment are distinct but interdependent, and have spe-
cific roles assigned to them in the constitution (GOK,
2010). Nairobi and Mombasa Counties are 100% urban,
while majority of the remaining counties are predomi-
nantly rural (KNBS, 2019c). The findings of regression
and correlation analysis, and the qualitative analysis of
strategies are deliberated in this section.

5.1. Correlation Analysis

The study sought to understand the strength of the
relationship between the rural poverty variables for the
determination of their statistical significance to the study
and their importance in aggravating or eradicating rural
poverty. The relationships were classified as strong,
moderate, and low at 10%, 5% and 1% significance lev-
els. The correlation table also helped in checking the ab-
sence of multicollinearity between the independent var-
iables and how strong the predictables correlated with
the outcome variable. The findings are summarized in
Table 3.
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To determine the absence of multicollinearity be-
tween independent variables, a correlation value more
than would confirm the existence of multicollinearity,
rendering such variables redundant. In the study, all the
independent variables’ correlation values were less than
0.7, confirming that none of the predictors are multicol-
linear and therefore valid to be used for the purpose of
multiple regression. Additionally, the corre-lation table

Table 3
Correlation analysis findings

was relied upon to test if the independent variables
showed at least some correlation with the outcome vari-
able. The correlation values greater than 0.3 or more sig-
nify a correlation. All the predictors in the study met
this assumption except agricultural land (-0.2), which
was subsequently eliminated in the multi-ple regression
analysis as shown in table 4.

. Overall rural Rural popula-  Agricultural Natural wa- Rambling wa- Commercial Rural in-

Pearson Correlation Rural food poverty .

poverty tion land ter ter water come
Overall rural poverty (%) 1.000. .922.000**
Rural food poverty (%) .922.000** 1.000.
Rural Population (%) .392.004** .465.001** 1.000.
Agricultural land (ha) .201.092* .080.301 -.053.366 1.000.
Natural water (%) .396.004** .430.002** .570.000** -177.122 1.000.
Rambling water (%) 411.003** .265.039** -.303.022** .246.051* -.167.137 1.000.
Commercial water (%) -.280.031** -.307.020** -.626.000** .164.141  -.395.004** .398.003** 1.000.
Rural income (KSh) -.635.000** -.543.000** -.264.040**  -221.072** -.343.011** -.328.014** .133.191 1.000.

N 45

Dependent Variable: Overall Rural Poverty

*, ** *** indicate that correlation is significant at the 0.10, 0.05 and 0.01level, respectively.

Source: Authors

5.1.1. Strong Relationships

At p 0.1, 0.05, and 0.01 levels of significance, the
following variables were statistically significant and re-
lated. Strong positive correlation between the overall ru-
ral poverty and rural food poverty, strong positive cor-
relation between the use of natural sources of water and
rural population, strong negative correlation between the
use of commercial water and rural population, strong
negative correlation between income and rural poverty,
and strong negative correlation between income and ru-
ral food poverty.

5.1.2. Moderate Relationships

The following variables statistically significant and
related at p 0.1, 0.05, and 0.01 levels of significance:
Moderate positive correlation between the rural popula-
tion and rural food poverty, moderate positive correla-
tion between the use of natural water and rural poverty,
moderate positive correlation between the use of natural
sources of water and rural food poverty, moderate posi-
tive correlation between the use of rambling water and
rural poverty, moderate negative correlation between the
use of rambling water and rural population, moderate
positive correlation between the use of commercial wa-
ter and the use of rambling water, moderate negative
correlation between rural income and the use of natural

Table 4
Regression analysis findings

water, and moderate negative correlation between rural
income and the use rambling water.

5.1.3. Low Relationships

At p 0.1, 0.05, and 0.01 levels of significance, the
following variables were determined as statistically sig-
nificant and related: Low positive correlation between
the size of rural household agricultural land ownership
and rural population, low positive correlation between
the use of rambling water and rural food poverty, low
positive correlation between the use of rambling water
and the rural household agricultural land, low negative
correlation between the use of commercial water and ru-
ral poverty, low negative correlation between the use of
commercial sources of water and rural food poverty, and
low negative correlation between rural income and size
of agricultural land owned by a rural household.

5.2. Regression Analysis

The study also examined the impact of the contrib-
uting factors to overall rural poverty (independent vari-
ables) on overall rural poverty (dependent variable).The
hypotheses stated in table 2 were tested in the regression
analysis. The findings in table 4 show that both the di-
rection of impact and what amount of its

Dependent Variable: Overall Unstandardized Coefficients

Standardized Coeffi-

Collinearity Statistics

Rural Poverty cients t Sig.

B Std. Error Beta Tolerance VIF
Constant: 8.138 7.334 1.110 274
Rural food poverty .896 .082 754 10.904 .000*** 497 2.012
Rural population -.029 .071 -.031 -.413 .682 423 2.363
Natural water .034 .043 .050 775 443 573 1.744
Rambling water .367 119 201 3.080 .004** .559 1.789
Commercial water -.267 .139 -.128 -1.914 .063* 533 1.877
Rural Income -7.382E-5 .000 -.113 -1.784 .083* 597 1.674

* p < 0.10, ** p < 0.05, ***p < 0.0]
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Source: Authors

First, the findings demonstrate the existence of a re-
lationship between rural food deprivation and the overall
poverty rates in rural areas. The B-value for the Rural
Food Poverty is 0.896, indicating that an average rise by
a single percentage of rural food poverty causes the
overall rural poverty to rise by 0.896%, with other fac-
tors held constant. This implies that addressing the food
access problem in the rural areas would reduce overall
rural poverty. The action also complements the United
Nation’s goal of ending hunger in the world by achiev-
ing food security and improving nutrition by the year
2030 (UN, 2015). It is estimated that 35.8% of the Ken-
yan rural population cannot meet the average daily min-
imum calorific requirement of 2250 Kcal (KNBS,
2018). Rural food poverty is worsened by harsh climatic
conditions affecting a large part of the country that is
considered arid and semi-arid (ASAL). The ASAL re-
gions are characterized by low and erratic rainfall which
affects agricultural production in the absence of good
technology for irrigation and water harvesting. Over
80% of Kenya’s landmass is ASAL and home to a third
of Kenya’s population as well as 70% of livestock in the
country (Fitzgibbon, 2012). However, agricultural pro-
duction in high potential areas of Kenya is also impeded
by a lack of assets among farmers, forcing them to cul-
tivate small pieces of land inadequate to sustain living
(GOK, 2009). Out of 6,354,211 farming households in
Kenya, 5,637,450 households (88.7%) still engage in

subsistence farming, while just 506,687 households
(8%) do commercial farming (KNBS, 2019a).

Land sub-division is also practice common in rural
areas affecting agricultural land productivity. A study by
the Catholic Church's Jesuit Hakimani Centre (JHC)
found the cultural practice of sub diving lands among
siblings to be a major threat to food security since small
land are not agriculturally productive (Jamah & Oduor,
2014). The practice is widespread due to land inher-
itance practices, individualization of titles, agricultural
land value, and high housing demand (Museleku, 2018).
Subdivision also reduces the scales required for com-
mercial production on the land by limiting the potential
for mechanization, increased use of technology, and ex-
panded infrastructure on the lands. Additionally, despite
rural households owning huge lands, drought and less
application of modern technology have limited farm uti-
lization resulting in food insecurity. The ASAL regions
for instance are home to 36% of Kenyans, and occupy
about 89% of Kenyan land (GOK, 2019). The house-
holds in the ASAL areas have more lands available for
agriculture than those in the non-ASAL areas. However,
the use of land for agriculture in ASAL areas is ham-
pered by drought. By contrast, more households in non-
ASAL areas practise agriculture despite lower average
land ownership. A comparison of land ownership and
utilization in the ASAL and Non-ASAL regions is
shown in tables 5. and 6

Table 5
Average household agricultural land ownership and utilization in ASAL counties.
ASAL County Average household Agricultural Land (ha) Proportion of farming households (%)
Garissa 1.09 34.292
Wajir 4.047 49.995
Mandera 4.419 50.534
Marsabit 1.128 51.073
Isiolo 2.204 45.608
Average per household (ha) 2.578 46.30
Source: Author’s computation from (KNBS, 2019a)
Table 6
Average household agricultural land ownership and utilization in Non-ASAL Counties
Non-ASAL Counties Average household agricultural land (ha)  Proportion of farming households (%)
Bungoma 0.624 78.399
Siaya 0.551 77.95
Kakamega 0.508 77.558
Kisii 0.537 71.554
Murang’a 0.442 72.882
Average total per household (ha) 0.533 75.669

Source: Author’s computation from (KNBS, 2019a)

Secondly, the results prove the existence of a rela-
tionship between the use of boreholes and wells as their
main sources of water and the overall rural poverty. The
B-value for the use of rambling water is 0.367, meaning
that for every rise in the use of boreholes and wells by a
percentage, the overall rural poverty increases by
0.367% holding the other independent variables fixed.
Most of the dug wells in the rural areas are unprotected

and vulnerable to contamination. The WHO (2020) clas-
sifies unprotected dug wells, unprotected springs and
surface waters as unimproved water sources that are eas-
ily contaminated. In the 45 Counties studied, 11.2% of
the population were found to rely on boreholes/tube
wells for drinking water (KNBS, 2019a). The boreholes
in rural areas are mostly manually drilled. As Danert
(2015) explains, manually drilled boreholes have been
widely used in the marginalized rural areas of Kenya for
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irrigation and domestic purposes since the 1970s but
raises questions about their safety and water quality con-
sidering a lack of understanding of hydrology among the
manual drillers. In Kakamega County for instance, it
was established that the concentration of mercury, lead,
and arsenic in most boreholes was more than World
Health Organization recommended levels, and there-
fore, would pose serious health problems to the residents
if used for domestic purposes (Christine, Kibet, Kiprop,
& Were, 2018). Martinez-Santos, Martin-Loeches,
Diaz-Alcaide, and Danert (2020) point out that the main
advantage of manually dug boreholes is their affordabil-
ity. This explains why among the rural poor, the use of
manually dug boreholes is very high as they cannot af-
ford alternative improved sources.

Thirdly, there is evidence linking the use of commer-
cial water and the overall rural poverty levels. The B-
value for the use of commercial water is -0.267, imply-
ing that for every percentage rise in the number of rural
populations using commercial water, there is a drop in
overall rural poverty by 0.267% holding other independ-
ent variables constant. The assumption is that a house-
hold that can afford commercial water is not poor. The
high poverty levels in rural areas have therefore made
the use of commercial water to be significantly low. A
study conducted among 450 rural households in
Guangxi province, provides a clear relationship between
the use of purchased water and wellbeing. In the study,
Alasdair et al. (2017) establish that the purchase of bot-
tled waters was common among high-income house-
holds with younger, literate, and male heads. In Kenya,

Table 7
The hypothesis test result

consumption of commercial water is more common in
urban than rural areas due to higher poverty rates in rural
areas. Commercially water is consumed more in
schools, restaurants, markets, on streets, mass gather-
ings, places of work, spotting, and wedding activities
among others (Williams et al., 2015).

Finally, it is established that rural income plays a sig-
nificant role in determining overall rural poverty. The B-
value for the income is -7.382E-5, suggesting that for
every additional earning (KSh) on average income, the
rates of rural poverty would reduce by 7.382E-5% hold-
ing other independent variables constant. The main
source of income in rural areas is agriculture. However,
factors like land-subdivision, climatic shocks, declining
soil qualities, constantly fluctuating markets for agricul-
tural products, plant diseases and pests’ infestations, and
low public and private investment in agriculture have af-
fected the performance of the sector (Njeru, 2018). This
has affected the sources of income leading to high pov-
erty rates in rural areas.

Overall, access to food, rural income, and access to
water have a direct bearing on the well-being of a rural
population. Actions aimed at improving their ease of ac-
cessibility will undoubtedly lead to a drop in overall ru-
ral poverty levels. Effective utilization of the land for
agricultural is also important to raise household income,
and food availability hence lowering rural poverty lev-
els. This require that impeding factors like drought,
land-subdivision, plant diseases, among others are ad-
dressed. Table 7 shows a summary of the accepted and
rejected hypotheses from the study.

Accepted/Rejected hypothe-

Variables Hypotheses sis B-coefficients
Ha: Access to food in the rural areas could cause a
Food poverty significant drop in overall rural poverty in the rural Accepted (p< 0.01) 0.896
areas.
. Ha: A decline in rural population result into a dec-
Rural population Pro- - g L T
ortion reasing level of number of people living below the Statistically insignificant
P overall poverty line in rural areas.
Agricultural land Hs: Households with bigger lands available for ag- Statlstlca_lly |n5|gn|f|cant_ (a
: . : - correlation value of 0.2 is
ownership riculture experiences less poverty in the rural areas.
too weak)
Ha: A reduction of number of people in the rural
Use of natural water areas relying on natural water sources signifies a Statistically insignificant
drop of overall rural poverty in the rural areas.
Hs: A higher number of rural populations using
Use of rambling water rambling water means that the overall poverty rates Accepted (p< 0.05) 0.367
are high.
Use of commercial He: The use of commercial water sources in rural
water areas represents a significant decline of rural po- Accepted (p< 0.10) -0.267
verty.
Rural income H7: Higher income levels among the rural popula- Accepted (p< 0.10) -7.382E-5

tion leads to a decrease of overall rural poverty.

Source: Authors
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5.3. Poverty Eradication Strategies through Decentrali-
zation

Decentralization is a governance concept with dif-
ferent dimensions but a common understanding that cen-
tral entities play lesser roles in the decision-making pro-
cess by letting entities at lower levels have much bigger
roles. It involves “the transfer of power and resources
away from central government” and not the other way
round (Schneider, 2003). At independence, the founders
of the Republic of Kenya declared the fight against pov-
erty, ignorance, and diseases as the main pillar of gov-
ernance that needed immediate and long-term attention
(Nyamboga, Nyamweya, Sisia, & George, 2014). How-
ever, the efforts to achieve development were affected
by the strongly centralized and vertically integrated re-
gional development planning regime inherited from the
colonial government, which encouraged skewed devel-
opment in the country (Laji, 2019; Rutten, 1990). To
achieve balanced growth and rural development, the
various governments have attempted to devolve politi-
cal, administrative, and fiscal aspects through several
decentralization strategies like Sessional Paper No. 10
of 1965, Special Rural Development Program, District
Focus for Rural Development, Regional Development
Authorities, Fiscal Decentralization, and Policy on De-
volution. The success and gaps of the strategies are dis-
cussed in this section.

5.3.1. African Socialism and Its Applications to Plan-
ning in Kenya.

Formulation of Sessional Paper No. 10 of 1965
marked the initial step by the independent government
of Kenya to address inequality of development. The pol-
icy ensured decentralization of planning functions from
the national levels to provinces, districts, and municipal-
ities, and that development implemented by local ad-
ministrative units was based on local inputs (GOK,
1965). The policy envisaged public investments in high
potential areas with an abundance of natural resources,
rainfall, transport networks, and fertile lands to yield
faster returns for economic growth in the country. How-
ever, it can be said that priority projects implementation
couldn’t be done equitably but favoured some regions
over the others resulting in a huge regional development
discrepancy (Stiftung, 2012). Public investment in areas
that had the highest absorptive capacity meant that the
areas that had been ignored during the colonial period
got neglected further due to low their low potential,
while resources were concentrated in other regions
(CRA, 2012). According to Oyugi, J., and Kaara (2018),
the policy objective of ensuring that development could
trickle down from high to the low potential areas failed
due to lack of a framework to redistribute revenues and
benefits accrued from the highly productive areas to the
areas with low potential. This encouraged unbalanced
regional growth even further.

5.3.2. Special Rural Development Programme

The Special Rural Development Programme (SRDP)
policy was initiated by the government in 1971 to ad-
dress plights of the unemployed youth, and poor and

landless farmers in rural areas. The SRDP was born out
in regards of concerns that the previous agriculture and
rural development policies were inadequate, and new
strategies that would create more jobs in rural areas and
raise income from agriculture were needed (Ergas,
1982). The pilot projects were tried in six rural adminis-
trative divisions and a special fund (S.R.D.P. Funds) that
included external funding from donors was established.
Project implementation was done by a local committee,
assisted by a team of foreign advisors. The policy’s goal
was to create employment, generate income in the rural
areas, develop skills and techniques necessary for
Kenya, and to have a domino effect in other rural parts
of the country (Cohen & Hook, 1987). Poor coordina-
tion between line ministries, lack of technical and ad-
ministrative capacity at the district level, and inadequate
involvement of community contributed to the failure of
the policy (Kirori, 2003). The SRDP was finally phased
out in 1975.

5.3.3. The District Focus for Rural Development.

The 'District Focus Policy for Rural Development’
was formulated in 1983 policy as a response to failure
by the SRDP and previous development policies to re-
solve most of the rural development problems. It distrib-
uted government powers, functions, and authorities two
levels down from the presidency and provincial head-
quarters to the officials at the district level who were
closer to the people. Rutten (1990) explains that the pol-
icy adopted both a ‘top-down sectoral approach’ at the
central government and the ‘integrated, horizontal bot-
tom-up approach’ at the district level, whereby the min-
istries at the central government retained the responsi-
bilities of overall policy formulation and planning of
both national and multi-district programs, while projects
were implemented at the district level. It bestowed the
authority to identify and implement district-based pro-
jects at the district level instead of the provincial and na-
tional levels (Opata, 2004). The aim was to hasten deci-
sion making and encourage citizens’ participation. Lack
of transparency and accountability by government offi-
cials, inadequate consultations with the locals, little
budget allocation, and political interference were identi-
fied as main barriers to the policy success (Omiti,
Owino, Otieno, & Odundo, 2002).

5.3.4. Regional Development Authorities

The government’s intention to achieve balanced spatial
development within and between regions of Kenya has
seen it embrace a regional-based development model. In
1974, the government delineated six regions based on
rivers and large water bodies in the country as the basis
for national development (UN-Habitat, 2016). This
would help achieve equitable national development by
sustainably using the basin-based resources to create
employment and ensure equitable resource distribution
to achieve rural-urban balance (GOK, 2020). The policy
faces various challenges including lack of a framework
for effective community participation, wastage of re-
sources due to duplication of functions, and inadequate
funding (KHRC & SPAN, 2010).
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5.3.5. Fiscal Decentralization

Inadequate funding and the hesitance by the central
government to loosen bureaucratic capture are some of
the reasons for the failure of efforts to attain develop-
ment, resource distribution and, equity in the country,
especially in rural areas (Bagaka, 2008). While func-
tions were decentralized, the funds did not follow. Ac-
cording to Mitullah (2012), the parliament created Con-
stituency Development Fund (CDF) and Local Authori-
ties Transfer Fund (LATF) in 2003 and 1999 respec-
tively to reinforce decentralization and overcome re-
gional imbalances. The CDF was allocated 2.5% of the
national revenue, while LATF had 5%. Unlike CDF that
directed funds directly to constituencies that are political
units meant for electoral purposes, LATF was meant for
local authorities, which were administrative units. The
new constitution 2010 abolished the local authorities,
and instead created the 47 counties that are responsible
for development in their areas of jurisdiction. The coun-
ties are entitled to annual financial allocation from the
national government for development. CDF on the other
hand is still active but faces challenges like political in-
terference in the management, embezzlement of funds,
inadequate citizen participation, lack of oversight on the
projects and fund utilization, and inadequate funding
(Wanyande & Wanyande, 2016).

5.3.6. Devolution

Kenya constitution has created 47 sub-national gov-
ernments with a degree of functional autonomy for the
purpose of governance and development. Devolution
aims to achieve development through decentralization
of state organs, functions, and services away from the
central government, and enabling communities to man-
age their affairs by involving them in decision making
(GOK, 2010). The county governments are allocated at
least 15% of the national revenue to execute the func-
tions assigned to them by the constitution (D'Arcy &
Cornell, 2016). Significant developments have been re-
alized in rural areas because of devolution. In the North-
ern Counties that have traditionally been marginalized,
the level of infrastructural development laid down since
the onset of devolution is estimated to have surpassed
accomplishments achieved in more than fifty years
(Kanyinga, 2016). However, its implementation has en-
countered challenges including the unwillingness of em-
ployees in some sectors to work in the devolved units
(Kobia & Bagaka, 2014), embezzlement of funds
(D'Arcy & Cornell, 2016), conflict within and between
county governments for control of county resources
(Lind, 2018), delay of financial disbursement and weak
public participation (Kimathi, 2017).

6. Conclusion

The study finds that the strategies aimed at realizing
rural development and bring about balanced growth in
the country have had some degree of success despite
challenges. Widely regarded as a failure, the S.R.D.P.
played an important role in raising the level of aware-
ness about the issues affecting the poor farmers in

Kenya. On the other hand, the District Focus for Rural
Development strategy promoted local communities’
participation in development processes, streamlined de-
velopment projects to the local needs and ensured effec-
tive use of local resources. The establishment of the Re-
gional Development Authorities has also accelerated ru-
ral development and safeguarded equity in resource dis-
tribution and utilization. Through fiscal decentraliza-
tion, the local communities have been granted a wider
role in determining projects that reflects their needs and
promoted accountability in projects implementation.
Devolution of funds to the counties has allowed for more
participation of citizens at the local levels in develop-
ment prioritization, implementation as well as bridging
regional development gaps in the country. The study in
the case for Kenya ALSO focused on two areas: the con-
tributing factors of poverty in the rural areas, and the ru-
ral poverty eradication strategies adopted by the govern-
ment.

Firstly, the study has established that access to food,
rural household land size, access to water, and rural in-
come are important rural poverty variables. Whereas the
inaccessibility of water and food have been identified as
aggravating factors of rural poverty, the study reveals
that the huge landownership by a rural household does
not lead to a drop in overall rural poverty. Both land
availability and utilization are important elements. De-
spite large land ownership, agricultural practices are
hampered by harsh climate, old agricultural technolo-
gies, and land -subdivisions, that have undermined ef-
fective land utilization. Contrarily, a rise in rural income
resulted in a decline in overall rural poverty. Hence, in-
vesting in agriculture would increase access to food and
income, thus lowering overall rural poverty.

Secondly, the study has identified the gaps in rural
poverty eradication strategies that have impeded the ru-
ral development and balanced growth in rural. While the
decentralization has had some positive rural develop-
ment outcomes and reduced regional development dis-
crepancies, the cross-cutting challenges have led to the
collapse of strategies or underachievement.

Key negative determinants in the strategies included
inadequate community participation, political interfer-
ence, embezzlement of funds, underfunding of projects,
bureaucratic capture, lack of transparency and account-
ability, duplication of roles, and poor coordination
among the ministries and development bodies. Addi-
tionally, a weak implementation framework for redistri-
bution of benefits has been identified as a main factor
that led to the failure of the sessional paper no 10 of
1965. On the other hand, it is considered that fixing the
gaps in the strategies will strengthen decentralization
and boost the efforts directed at achieving rural develop-
ment and a balanced regional growth in the country.
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Salinity, which is one of the abiotic stresses, has become an important obstacle
in agricultural areas. The use of humic acids (HA) as a biostimulant is increasing
day by day and it is tried to increase the resistance of plants against stress. In this
study, the effects of HA application of 0-15ml L (4 concentrations) on the re-
sistance to salt (S) 0-150 mM L (4 concentrations) stress in 3 sunflower culti-
vars (Maximus (C1), Sirena (C2), Reyna (C3) were investigated under labora-
tory conditions. In the study; germination percentage (GP), mean germination
time (MGT), salt tolerance percentage (STP), seeding length (SL), root length
(RL), relative water content (RWC), real water content (GSI), total chlorophyll
(Chl), chlorophyll stability index (CSI) parameters were examined. As a result
of the study, HA applications played a role in reducing the negative effects of
salt stress on the examined parameters. It was concluded that HA can be evalu-
ated as an effective material that can be used to increase resistance and tolerance
of plants against salt stress.

1. Introduction

Plants are exposed to biotic and abiotic stresses thro-
ughout their lives. The most important of these are cold,
drought, salinity, flooding and heavy metals (Gontia-
Mishra et al. 2014). Today, salinity has become a major
problem in agricultural areas all over the world (Giirsoy
2020; 2022). Salt stress is considered one of the most
widespread abiotic stresses and very important hampers
crop production, especially in arid and semi-arid areas
(Hernandez 2019). Salinity stress limitations plant
growth and development, can induce drastic yield reduc-
tion (Alharby et al. 2021; Shahzad et al. 2021). Growth
and development in plants begins with germination and
plants need to adapt to environmental conditions in or-
der to survive. However, germination is the most sensi-
tive period in the life of plants and is especially impor-
tant for seedling development.

The priming of seeds allows the acceleration of ger-
mination as well as a better growth a greater tolerance to
abiotic stress and higher yields (Boucelha et al. 2019).
Today, the use of biostimulants has become widespread
in order to reduce the effects of stress factors, to ensure
sustainability in agriculture and to ensure plant growth
(Frioni et al. 2021). With the use of biostimulants, the
resistance of plants to abiotic stress was increased and
the quality of agricultural production (Bell et al. 2022).

* Corresponding author email: mehtapgrsoy@gmail.com

Du Jardin (2015), identified seven categories of biosti-
mulants: (i)humic and fulvic acids, (ii)protein hyd-
rolysates and other N-containing compounds,
(iii)seaweed extracts and botanicals, (iv)chitosan and ot-
her biopolymers, (v) )inorganic compounds, (vi)benefi-
cial fungi and (vii)beneficial bacteria. Humic acid is be-
lieved to have an important role in plant growth regula-
tor as a biostimulant (Saidimoradi et al. 2019).

Sunflower (Helianthus annuus L.) has a very impor-
tant place in the production of oil crops in the world and
in our country (Beyaz et al. 2018).

The aim of this study is to determine the effects of
humic acid and salt applications on germination, seed-
ling growth, chlorophyll content, chlorophyll stability
index and salt tolerance index of sunflower varieties.

2.Material and Method

The research was carried out at the Aksaray Univer-
sity Guzelyurt Vocational School and some analyzes
were done at Aksaray University Scientific and Techno-
logical Research Laboratory (ASUBTAM). In this study
sunflower cultivars (Maximus (C1), Sirena (C2), Reyna
(C3) were used. Seeds of sunflower for sterilization,
they were kept in 5% sodium hypochlorite solution for
10 minutes and then rinsed several times in distilled
water then they were dried at room temperature to their
initial weight. Seeds were primed for 24 hours and each
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HA [0 (control) (HAL), 5ml Lt (HA2), 10 ml L (HA3),
15 ml L* (HA4)] doses. For each HA dose, 50 seeds
were placed in sterile petri dishes on Whatman No:1
blotting papers and 10 ml of different doses of salt [0
(control) (S1), 50 mM L (S2), 100mM L (S3), 150mM
L (S4)] concentrations were added. Only water was ad-
ded to the control petri dish. Filter papers were changed
every 2 days and 10 ml of salt containing solutions were
added. In order to prevent evaporation the petri dishes
are wrapped with parafilm. The research randomized
plots experimental design were made with 3 replication
according to the trial pattern. Seeds were counted daily
and those with a root length of 2mm were considered
germinated (ISTA 2003). In the study; germination per-
centage (GP), mean germination time (MGT), salt tole-
rance percentage (STP), seedling length (SL), root
length (RL), relative water content (RWC), real water
content (GSI), total chlorophyll (Chl), chlorophyll stabi-
lity index (CSI) parameters were examined.

Measurements
Germination percentage (%)

Germination percentage was calculated using the for-
mula below.

Mean germination time (day)
MGT= %(Dn)/Zn,

where, n is the seed humber germinated on day D, and
D is the number of days from the beginning of the ger-
mination test (Orchard 1977).

Percentage of salt tolerance (%)
Salt tolerance (%) = (DWSP / DWCP) x 100
DWSP: Dry weight of plant in salt application

DWCP: Dry weight of plant in control application
(Uzun Kayis and Ceyhan 2015)

Determination of relative and real water contents

In order to determine the relative and real water con-
tent in the leaf tissues, leaf samples taken from plants
belonging to the sunflower cultivars in the control and
stress groups were weighed and their fresh weight was
determined, then they were placed in glass tubes contai-
ning 5 ml of distilled water and kept in the light for 24
hours. At the end of this period, the hydrated leaf samp-
les were weighed again and their weight in turgor con-
dition was determined. Later, these leaf samples will be
dried in the oven at 80°C for 48 hours and their dry we-
ight will be determined again. Finally, the relative and
actual water contents will be found according to the for-
mulas below (Ritchie et al. 1990; Arslan 2018).
RWC(%) = (FW - DW)(TW — DW) x 100
(Relative water content)

GSI(%) = (FW — DW)/FW x 100 (Real
water content)

FW: fresh weight, TW: turgor weight, DW: dry weight
Chlorophyll (mg g%)

Samples taken from seedlings (0.25 g) of sunflower
cultivars grown in the laboratory with HA and S appli-

cation were homogenized with 80% acetone, then filte-
red and made up to 25 ml with acetone. Then the samp-
les were read in the spectrophotometer at 663 and 645
nm and chlorophll was calculated with the following
formula (Lichtenthaler and Welburn 1983).
Chlorophyll a (mg g?) = (12.7%663 nm)-(2.69*645
nm)*V/W=*10000
Chlorophyll b (mg g?') = (22.91*645 nm)-(4.68*663
nm)*V/W=*10000
Total Chlorophyll = Chlorophyll a + Chlorophyll b
Determination of chlorophyll stability index
Determination of the chlorophyll stability index is

important in terms of showing the tolerance capacity of
the plant against stress. (Mohan et al. 2000)

Leaf sample from the treated plant = 1.000 mg leaf
sample was kept in a test tube with water at 55 °C for 1
hour.

Leaf sample from the plant in the control plot =
1.000 mg leaf sample was kept in a test tube containing
water at room temperature for 1 hour.

The chlorophyll stability index will be calculated
with the help of the following equation by reading both
samples in a spectrophotometer at 652 nm.

CSIl= Absorbance value of the treated sample x 100
Absorbance value of the control
Statistical analysis

The experimental data obtained at the end of the re-
search, was subjected to analysis of variance using
MSTAT-C computer software. Duncan test was applied
to determine the significance levels of the differences
between means of applications.

3.Results and Discussion

The variance analysis results of this study, which
was conducted to determine the effects of biostimulant
applications on the germination parameters, seedling
growth, salt tolerance percentage, chlorophyll, chlo-
rophyll stability index, relative and actual water content
of sunflower varieties under salt stress, are given in
Table 1. When Table 1 is examined, it is seen that the
interaction of Cultivars x HA Doses x S Doses is signi-
ficant at the 1% level in the others, except for the MGT
feature. Inthe MGT parameter, the triple interaction was
significant at the 5% level. The applied biostimulant do-
ses had a significant effect on the germination parame-
ters and seedling growth of the cultivars under salt
stress. However cultivars, HA doses and Salt doses are
important at the 1% level, except for the GP feature. On
the other hand, it was determined that the bilateral inte-
ractions were statistically significant at the level of 1%
in the GP feature, except for the interaction (HA Doses
x S Doses). In the triple (Cultivars x HA Doses % S Do-
ses) interaction, significant results were determined at
the level of 5% for MGT and 1% for all other properties.
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Table 1

Analysis of variance on the investigated parameters in sunflower cultivars humic acid and salt treatments
V.S. DF. _GP MGT SL RL RWC Gl Chl Ccsl STP

F Value

Cultivars 2 20.69** 27.93** 13.51** 331.04**  64.68** 40.75** 35.31%* 225.03**  68.54**
HA Doses 3 2.01 20.65** 394.78**  79.50** 84.92** 26.08** 17.13** 295.92**  19.86**
Cultivars x HA Doses 6 9.57%* 4.61%* 51.82** 176.95**  61.88** 27.27** 7.73%* 121.81%*  17.11**
S Doses 3 272.79**  234.93**  B50.57**  §9.84** 470.47**  122.17**  156.18**  47.23** 137.62**
Cultivars x S Doses 6 12.42** 13.27** 8.06™* 10.88** 5.42%* 3.42%* 6.84** 13.51** 5.27**
HA Doses x S Doses 9 171 2.78** 13.01** 12.04** 9.89** 4.89%* 2.86** 49.78** 3.06%*
Cultivars x HA Doses x
S doses 18 3.60** 1.99* 6.62** 13.70%* 9.04** 2.40%* 3.49%* 8.43** 2.97%*
Error 96 156 0.028 0.111 0.025 0.561 176 0.051 0.471 2.03
CV% 1.30 9.22 5.80 8.45 1.07 1.88 8.69 1.02 1.86

**:significance level at p<0.01, *:significance level at p<0.05. VS: Variation source, DF: Degrees of freedom, GP: Germination Percentage, MGT:
Mean Germination Time, SL: Shoot Length, RL: Root Length, RWC: Relative Water Content, GSI: Real Water Content, Chl: Total Chlorophyll, CSI:

Chlorophyll Stability Index, STP: Salt Tolerance Percentage
Table 2

Average values the effect of HA at different concentrations applied to sunflower cultivars under salt stress on GP (%)

GP (%) Mean
Cx HA Maximus Sirena Reyna
S Doses HAL HA2 HA3 HA4 HA1 HA2 HA3 HA4 HA1l HA2 HA3 HA4
99.67 100.0 100.0 99.67 99.67 97.33 99.33 99.67 100.0 99.61
S1 a a a a a 1000 a  a-e 100.0a ab a 100.0 a a A
96.33 98.00 98.67 97.00 97.67 97.67 98.00 99.00 98.00 98.00 97.33 98.00 97.81
S2 b-f a-d abc a-f a-d a-d a-d ab a-d a-d a-e a-d B
95.00 96.33 97.00 96.33 95.00 97.67 97.67 97.33 97.33 94.33 95.00 94.00 96.08
S3 d-g b-f a-f b-f d-g a-d a-d a-e a-e e-h d-g fgh C
89.00 92.67 91.67 89.00 91.67 95.67 c-  95.00 95.67 93.00 87.00 91.67 87.00 91.58
S4 1j gh hi 1j hi g d-g c-g gh j hi j D
Mean 95.00 96.75 96.83 95.50 96.00 97.75 97.00 98.00 96.92 94.75 96.00 94.75*
C AB AB BC BC A AB A AB C BC C
LSD%1 2.680

* Dissimilar letters in the column show different groups

When the Duncan test results of the examined traits
are examined, it is seen that the lowest germination in
terms of GP trait (Table 2) was obtained with 87.0%
from S4 salt dose C3 variety and HA2 and HA4 humic
acid doses. However, the highest germination was obta-
ined in all 3 cultivars in S1 application and in all other
applications (HA2, HA3, HA4) except the control dose
(H1) of HA. It was observed that HA application incre-
ased the germination rate at all S doses. Giirsoy et al.

(2016) applied 4 doses of HA in 3 different growth pe-
riods in their study with the winter rapeseed variety Bris-
tol. As a result of the study, they reported that HA app-
lications had a positive effect on plant growth. Kahra-
man (2017) reported that HA caused an increase in many
parameters examined as a result of his study in the form
of a 2 year field trial with HA application in cowpea cul-
tivars. Sofi et al. (2018) applied HA and S to alfalfa se-
eds. As a result of the study, they reported that HA app-
lication under salt stress increased seed germination.

Table 3
Average values the effect of HA at different concentrations applied to sunflower cultivars under salt stress on MGT (day)
MGT (day) Mean
C x HA Maximus Sirena Reyna
S Doses HA1L HA2 HA3 HA4 HAL HA2 HA3 HA4 HAL HA2 HA3 HA4
1.33 1.28 1.22 1.20 1.60 1.50 1.52 1.29 1.44 175 1.75 173 1.46
S1 1-m klm Im m e-k f-m e-m klm g-m d-g d-g d-g C
155 1.52 1.43 1.43 1.63 1.55 1.60 1.38 1.84 1.64 1.43 1.30 153
S2 e-k e-m g-m g-m e-j e-k e-k h-m de e-1 g-m j-m C
1.83 1.66 1.54 1.50 2.19 2.26 2.30 175 2.04 1.85 1.63 1.57 1.84
S3 def e-h e-l g-m bc bc bc d-g cd de e e-k B
2.49 2.19 2.43 2.97 2.17 2.36 2.37 1.99 2.02 2.40
S4 2.43b b 2.42b bc b 293a a bc b b cd cd A
Mean 178 1.74 1.65 1.58 1.96 2.06 2.09 1.65 1.92 1.90 1.70 1.66*
CDE DEF EF F ABC  AB A EF A-D BCD EF EF
LSD%1 0.2712

* Dissimilar letters in the column show different groups

When Table 3, which includes the averages of the
MGT parameter, is examined, the highest average ger-
mination time was determined as 2.97 days at the S4
dose. The lowest MGT was obtained from S1 HA4 app-
lication as 1.20 days. It was determined that MGT dec-
reased as the doses of HA applications increased,
however, the HA4 dose was effective in decreasing
MGT. Ebrahimi and Miri (2016) applied 3 HA doses (0,

15 and 30 g L) in their study in which they investigated
the effects of HA on the germination properties of Bo-
rago officinalis and Cichorium intybus plants. As a re-
sult of the study, the results showed that application of
30 g I'* humic acid was effective in germination of the
plant species and stimulated the plants germination.
Giirsoy and Kolsarici (2017) determined that the appli-
cation had a positive effect on yield and yield elements
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organic supplement against salt stress in his study in
which he applied HA to reduce the effect of salt stress
on corn seeds.

as a result of their study in which they applied HA to the
summer rapeseed plant in a leonardite environment. Bu-
lut (2020) reported that humic acid can be applied as an

Table 4
Average values the effect of HA at different concentrations applied to sunflower cultivars under salt stress on SL (cm)
SL (cm) Mean
C xHA Maximus Sirena Reyna
S Doses HAl HA2 HA3 HA4 HAl HA2 HA3 HA4 HA1l HA2 HA3 HA4
6.23 6.80 7.57 8.69 5.25 6.20 6.95 9.00 5.16 6.85 7.44 7.08
S1 g e-h b-e a l-0 g-k d-g a l-0 e-h cde 8.85a A
5.15 5.95 6.33 7.67 4.88 5.61 5.88 8.55 4.60 7.14 6.55 7.77
S2 I-0 -l g- bed m-p j-m -l a n-q c-f f-1 bc 6.34 B
4.55 5.00 5.17 6.59 3.92 4.60 4.84 7.43 4.00 5.25 6.10
S3 o-r mno 1-0 -1 qrs n-q m-p cde qrs 8.27 ab  |-0 h-k 548 C
3.37 3.63 4.10 3.46 2.93 3.89 3.90 6.25 2.94 5.42 3.77 4.97
S4 st st p-s st t qrs qrs g t k-n rs mno 405 D
Mean 4.83 5.35 5.79 6.60 4.25 5.07 5.39 7.81 4.18 5.75 6.92*
E D C B F DE D A F 692 B C B
LSD%1 0.7149

* Dissimilar letters in the column show different groups

It was observed that salt stress shortened the seedling
length, whereas humic acid doses increased the seedling
length in all cultivars. Depending on the salt and humic

reported that HA caused the lengthening of the plant in
their study where they applied HA to the winter rapeseed
plant. Berekati et al. (2019) reported that HA signifi-

cantly increased plant height in their study in the form
of foliar application of HA in rapeseed plants.

acid doses, the longest seedling length was obtained in
Sirena variety (Table 4). Giirsoy et al. (2016)

Table 5
Average values the effect of HA at different concentrations applied to sunflower cultivars under salt stress on RL (cm)
RL (cm) Mean
C xHA Maximus Sirena Reyna
S Doses HAL HA2 HA3 HA4 HA1L HA2 HA3  HA4  HAL  HA2 HA3 HA4
1.20 156 1.38 2.00 3.07 3.00 1.58 2.29 2.27 2.34 2.43 2.19
S1 p-s I-p n-r g-j bc bed I-p 3.22b  fg fgh efg ef A
1.01 1.66 1.37 2.00 2.67 2.88 140 145 1.90 1.88 1.99 1.64 1.82
S2 rst j-0 n-r g-j de bed n-r m-q h-1 h-1 g-k j-0 B
0.91 1.20 1.38 2.19 2.81 3.08 139 126 1.85 1.66 1.80 1.59 1.76
S3 st p-s n-r f-1 cd bc n-r 0-s -l j-0 1-m I-p BC
0.71 1.14 1.39 2.09 2.44 130 112 1.64 1.70 1.60 1.59 171
S4 t qrs n-r f-1 ef 380 a ns qrs j-0 j-n k-0 I-p C
Mean 0.96 1.39 1.38 2.07 2.75 3.19 141 176 1.92 1.88 1.94 1.81%
F E E [ B A E D CD D cD D
LSD%1 0.3393

* Dissimilar letters in the column show different groups

is clearly seen that the root length increases with the ef-
fect of HA. In general, it was determined that the root
length increased with the effect of HA in other applica-
tions. Tungtiirk et al. (2020) applied humic acid to the
broad bean plant under salt stress conditions. As a result
of the study, they reported that they determined that hu-
mic acid had positive effects on root development and

Table 5 shows the effects of humic acid on sunflower
cultivars under different salt stress on root lenght. Root
length varied statistically, depending on humic acid
doses, salt stress and cultivars (Table 1). Even though
salt stress increased root length increased with HA ap-
plications. Therefore, even if the S dose is the highest, it

length.
Table 6
Average values the effect of HA at different concentrations applied to sunflower cultivars under salt stress on RWC (%)
RWC (%) Mean
C xHA Maximus Sirena Reyna
S Doses HAL HA2 HA3 HA4 HA1 HA2 HA3 HA4 HA1 HA2 HA3 HA4
7131 7220 7267 7463 7190  73.03 7290  74.30 7193 7163 7249 7050 72.46
S1 c-1 cde bed a cde abc bed ab cde c-g cd e-j A
69.60 71.00 7140 7267  69.83 7213 7200  72.00 69.43 7044 7187 7037 71.06
S2 h-k d-1 c-h bed g-k cde cde cde jk e c-f e-k B
67.43 70.42 69.10 7190  66.33  68.90 7000  71.07 67.60 6953 7122  63.27 68.90
S3 Im e-j jkl cde mn jkl f-k d-1 Im h-k c-1 0 C
65.10 66.23 69.93  68.53 6330  65.97 67.53  70.00 63.27 6620  69.00  59.97 66.25
S4 n mn g-k kl 0 mn Im f-k 0 mn jkl p D
Mean 68.36 69.96 7078 7193 6784  70.01 7061  71.84 68.06  69.45 7114  66.03*
E CD BC A E CD BC A E D AB F
LSD%1 1.607

* Dissimilar letters in the column show different groups
In the RWC feature (Table 6) the lowest RWC was
determined as 59.97% in S4AHA4. The highest RWC was

determined as 74.63% in SIHA4. On the other hand,
when looking at the general average values, the highest
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RWC was obtained from HAA4. It is seen that RWC also
increases with the increase of HA doses. Therefore, it
was determined that HA application against salt stress
increased RWC. Akladious and Mohamed (2018) app-
lied calcium nitrate and humic acid to pepper plants
grown under salt stress. As a result of the study, they
reported that the applications caused an increase in
Table 7

RWC. Compared to the control, they reported that the
highest RWC was obtained from (Cal+HA2) (Cal
(control) + HA2 (humic acid 750mg kg™) application.
Karimian et al. (2019) S stress in their study on Salvia
splendens plant as a greenhouse experiment. They app-
lied HA application in the form of foliar spraying, and
reported that RWC increased as a result of the study.

Average values the effect of HA at different concentrations applied to sunflower cultivars under salt stress on GSI (%)

GSI (%) Mea
C xHA n
S Doses Maximus Sirena Reyna
HAL HA2 HA3 HA4 HA1l HA2 HA3 HA4 HAl HA2 HA3  HA4
73.3
7212 7270 0 a- 7460 7233 7320 73.67 74.83 73.37 72.27 7343 71.10 73.08
S1 a-f a-e e a a-e a-e abc a a-d a-e a-d b-h A
70.73 7213 720 73.83 7033 73.63 72.67 73.00 70.30 71.07 7257 68.63 71.75
S2 b-h a-f 7af ab b-1 abc a-e a-e Cc-1 b-h a-e g-k B
70.9
68.77 7210 3 b- 7243 6827 72.63 70.73 72.17 68.30 69.97 7143 6237 70.01
S3 f-k a-f h a-e h-k a-e b-h a-f h-k d-j a-h mn C
717
66.03 6823 0a 70.00 6407 66.90 68.60 7L.77 64.17 67.17 69.80 60.47 67.41
S4 kl h-k g d-j Im jkl g-k a-g Im 1- e-j n D
Mean 72.0
6941 7129 O 7272 6875 7159 71.42 72.94 69.03 70.12 71.81  65.64*
D BC AB AB D ABC ABC A D CD AB E
LSD%1 2.852

* Dissimilar letters in the column show different groups

When the GSI parameter is examined (Table 7), the
lowest GSI was determined as 60.47% in the S4HA4
application, while the highest 74.83% was determined in
the SIHA4 application. Although GSI decreased as salt
stress increased, it increased slightly with HA applicati-

ons. Arslan (2018) investigated the photosynthetic acti-
vities of C3 and C4 plants under water constraint condi-
tions and reported that stress conditions cause a decrease
in the actual water content of the plants. Similarly, in
this study with salt stress, GSI decreased and increased
slightly with HA applications.

Table 8
Average values the effect of HA at different concentrations applied to sunflower cultivars under salt stress on Chl (mg g2)
Chl (mg g?) Mean
C xHA Maximus Sirena Reyna
S Doses HA1 HA2 HA3 HA4 HAl HA2 HA3 HA4 HAlL HA2  HA3 HA4
3.00 3.19 3.24 3.31 3.09 3.19 3.29 3.70 3.06 2.96 2.57 3.70 3.19
S1 b-e a-d abc ab b-e a-d ab a b-e b-f e-k a A
2.04 2.35 2.34 2.40 2.93 2.59 2.95 3.13 3.00 3.18 2.26 3.19 2.70
S2 jki g-l g-l f-l b-f e-j b-f b-e b-e a-d g-l a-d B
1.86 2.19 2.29 2.40 2.66 2.17 2.25 2.58 2.64 2.69 2.15 2.60 2.38
S3 Im h-1 g-l f-l d-1 h-I g-l e-k d-1 c-h h-1 e-j C
145 190 193 198 191 200 210 279 211 236 264 204 2.10
sS4 m Im Im Im Im kl -l b-g h-I g-l d-1 jkl D
Mean 209 241 245 252 265 249 265 305 270 280 240  2.88*
E D CD CD BCD CD BCD A BC AB D AB
LSD%1 0.4846

* Dissimilar letters in the column show different groups

In terms of Total Chlorophyll (Table 8), the lowest
Chl was determined as 1.45 mg g in S4HA1 and the
highest in SIHA4 with 3.70 mg g*. Although it was S1
in each application, it was determined that chlorophyll
increased with HA application. It was determined that
Chl increased with the increase of HA at other S doses.
El-Ghamry et al. (2009) showed that application of hu-
mic acid and amino acids increased chlorophyll a and b.

Akladious and Mohamed (2018) applied calcium nitrate
and humic acid to pepper plants grown under salt stress.
As a result of the study, they reported that salt stress app-
lications decreased Chl a and Chl b, but the applications
caused an increase in photosynthetic pigments. They re-
ported that the most effective application was obtained
from (Cal+HAZ2) (Cal (control) + HA2 (humic acid
750mg kg?) application.
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Table 9
Average values the effect of HA at different concentrations applied to sunflower cultivars under salt stress on CSI (%)
CSI (%) Mean
C x HA Maximus Sirena Reyna
S Doses HAL HA2 HA3 HA4 HAl HA2 HA3 HA4 HA1 HA2 HA3 HA4
68.70 69.03 70.97 70.10 66.42 64.40 69.47 72.97 68.83 64.37 66.33 63.43 67.92
S1 e-1 e-h bed c-f j-m n-s d-g a e-1 n-s klm qrs A
68.14 68.59 70.13 69.65 65.17 64.34 68.40 72.43 67.67 64.00 65.85 63.83 67.35
S2 ghi e-1 cde d-g m-p n-s f-1 ab h-k 0-S Imn p-s B
66.00 67.99 69.42 68.05 63.05 65.77 69.67 71.60 63.00 63.50 68.92 64.43 66.78
S3 Imn g d-g ght s Imn d-g abc s p-s e-1 n-s C
63.57 67.32 69.32 65.55 60.34 63.26 70.80 70.73 60.70 65.00 71.40 64.97 66.08
S4 p-s 1l d-h mno t rs cd cd t m-q abc m-r D
Mean 66.60 68.23 69.96 68.34 63.74 64.44 69.58 71.93 65.05 64.22 68.13 64.17*
D C B C F EF B A E F C F
LSD%1 1.473

* Dissimilar letters in the column show different groups

When the averages are examined in terms of chlo-
rophyll stability index (CSI) feature (Table 9), the
lowest CSI was determined as 60.34% in S4HA1 appli-
cation, and the highest in SIHA4 application as 72.97%.
Although there were decreases in CSI with salt applica-
tions, an increase in CSI was determined as the doses of
HA applications increased. Mohan et al. (2000) reported

that chlorophyll stability index (CSI) is an indicator of
the stress capacity of plants and that high CSI value in-
dicates that stress has no effect on chlorophyll. At the
same time, they reported that high CSI is an indicator
that the plants resistance to stress, dry matter production
and productivity will be high. In this study, the resis-
tance of plants to salt stress increased with the increase

of CSI with HA applications.

Table 10
Average values the effect of HA at different concentrations applied to sunflower cultivars under salt stress on STP (%)
STP (%) Mean
C xHA Maximus Sirena Reyna
S Doses HA1 HA2 HA3 HA4 HAL HA2 HA3 HA  HA1 HA2 HA3 HA4
4
80.8 80.7
79.02 3 a- 80.97 81.47 7857 77.00 78.53 7897 7 a- 79.30 81.50 78.17 79.59
S1 a-g d bc ab a-1 e-j a-1 a-g d a-e ab a-1 A
79.0
78.66 3 a- 78.87 79.30 76.90 75.07 76.83 77.87 81.6 77.67 79.93 76.30 78.17
S2 a-h g a-g a-e e h-n e b-1 0a C-1 a-e e-1 B
76.3
77.03 3 7767 7533 7287 7230 7557 7330 795 7313 76.97 72.03 75.18
S3 e-j e-l C-1 g-m I-0 mno f-m k-0 7 a-e k-0 e-j mno C
76.6 74.9
73.57 0 7727 79.07 7223 7110 7177 6800 7 7133 77.97 67.73 73.47
S4 j-0 e-k d-1 a-f mno 0 no p 1-n 0 a-1 p D
Mean 78.2
77.07 0 7869 7879 7514 7387 7568 7453 79.2 7536  79.09 73.56*
BC AB A A DEF EF CD DEF 2 A DE A F
LSD%1 3.055

* Dissimilar letters in the column show different groups

percentage of sunflower seeds under stress conditions. It
was determined that HA4 (15ml L) application gave
better results against salt stress, and C2 (Sirena) from the
cultivars used in the experiment gave the best results.
Besides, applications should be made in other plants and
under various stress conditions and their results should
be evaluated.

When the salt tolerance percentage (STP) parameter
(Table 10) is analyzed, the lowest STP was determined
in S4HA4 with 67.73%, and the highest was determined
in SIHAS3 application as 81.50%. Although STP decre-
ased with salt applications, it was determined that S to-
lerance increased with HA applications, especially in
HA3 and HA4. Uzun Kayis and Ceyhan (2015) reported
that percentage of salt tolerance of lentil varieties ranged
from 29.79% to 58.87% and this depending on salt le-
vels, salt tolerance of varieties different from each other.
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This study was conducted to determine the changes of some climatic factors
throughout the year in different barn areas in a loose system dairy cattle shelter.
For this, digital temperature-humidity meters were placed on different shelter
areas, and measurements were made for a year. By developing a different and
new model as well as the maximum, minimum and average values in a certain
time period in five different areas of the shelter, the temperature and humidity
values were categorized into specific groups (stressful, slightly stressful, suita-
ble, etc.) and it was determined how long the animals were exposed to what
temperature and humidity values. According to the results, the animals were ex-
posed to temperatures between 5-25 °C for approximately 80% of their time in
the spring and autumn seasons, 40% in the winter season, and 50-55% in the
summer season. At optimum temperatures (10-20 °C), the animals spent approx-
imately 50% of their total time in spring and autumn, 20% in summer, and 15%
in winter. Animals were exposed to heat stress (ti>32 °C) for only 5-7% of their
total time in summer and to cold stress (ti <-5 °C) for only 6-14% of the time in
winter. Dairy cattle were found to spend 60% of their annual total time in the
appropriate temperature range and approximately 33% of the annual time in the
optimum temperature range. Animals were exposed to heat stress and cold stress
for about 6-7% and 2-3%, respectively of their total time per year. Animals were
exposed to the relative humidity in the range of 40-90%, for approximately 50-
60% of their total time throughout the year. According to the results of the re-
search, it was determined that open system shelters planned to protect animals
from cold in winter and heat in summer, not create a significant climatic stress
on animals.

1. Introduction

cattle, particularly of high genetic value (Nardone et al
2010).

The air surrounding the animal has an important ef-

The main purpose in planning dairy cattle shelters
having a very important place in milk production, is to
protect animals from poor environmental conditions or
to create a suitable and comfortable habitat. To increase
the yield per animal, to start with, stress factors in the
living environment must be controlled. Sahin & Ugurlu
(2017) reported the stress factors causing low productiv-
ity in dairy cattle were as structural, climatic and social.
Climatic environmental conditions having an important
effect on the metabolic and physiological activities of
animals can turn into stress factors due to the tension on
the organism. Environmental conditions include temper-
ature, air speed, relative humidity, solar radiation and
light (Sahin et al 2019). Undesirable temperature is an
important factor causing low milk production by dairy

* Corresponding author email: esahin@selcuk.edu.tr

fect on the regulation of body temperature as it affects
the heat dissipation and heat gain between the animal
and its environment. For example, dairy cattle lose more
heat from their bodies in the winter months and try to
balance their body temperature by converting some of
consumed feed to heat energy to maintain the heat bal-
ance in their bodies. However, they convert more nutri-
ents into heat to maintain their body temperature at low
temperatures, and this case is defined as cold stress.
High yield losses may be observed depending on the
food intake of the animal. In hot summers, sensible heat
dissipation decreases in animals. The animal tries to dis-
sipate latent heat to expel excess heat accumulated in its
body. As a result of these events, the animal to enters the
heat stress. During this period, the animal’s feed con-
sumption decreases, and consequently, there is notable
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yield loss. The optimum temperature range for adult
dairy cattle’s is 10-20 °C (Sainsbury & Sainsbury 1988;
Webster 1994). Temperatures in the range -6 °C and 25
°C (Sainsbury & Sainsbury 1988), -5 °C to 25 °C
(Knizkova et al 2002), and -0.5 °C to 20 °C (Herbut &
Angrecka 2012) exerts little effect on the performance
of dairy cattle.

The range of suitable temperature is wider than the
optimum temperature, and at the appropriate tempera-
ture below and above optimum temperatures, animals do
not face any stress factors as they can easily achieve
body heat balance by increasing heat production or heat
dissipation. There is generally a negative and significant
correlation between milk production and climatic fac-
tors and for maximum milk yield, the appropriate tem-
perature range needs to be between 7 °C and 25 °C
(Shinde & Taneja, 1986). The suitable temperature
range for dairy cattle in lactation is 5-25 °C (Roenfeldt
1998). Temperatures in the range of 10-22 °C and rela-
tive humidity values between 50-90% were found to be
suitable for animals and had no negative effects on ani-
mals (Vtoryi et al. 2018).

With the reduction in temperature difference be-
tween the animal and its environment, the temperature
at, which sensible heat emission from the body de-
creases and becomes difficult can be defined as the max-
imum temperature. When the issue of excessive heat
starts to occur in the living body, the animal enters the
live heat stress, and its efficiency reduces as the degree
of heat stress increases. According to Kadzere et al
(2002), if the animals are unable to discharge excess heat
accumulated in their bodies through latent heat dissipa-
tion, their body temperature increases, and uncontrolled
situation, they may die from hyperthermia. The upper
critical temperature for dairy cattle is 25-26 °C regard-
less of milk production or previous climate adaptation,
and a slight decrease in feed intake and milk yield can
be observed at these temperatures (Berman et al 1985;
NRC 1989; Keown & Grant 1997; West 2003), while
milk yield decreases at temperatures above 30 °C (NRC
1981; NRC 1989). Kume et al (1998) reported that 25
°C is a high temperature for lactating dairy cattle, and
when the relative humidity is greater than 80%, it affects
the temperature. Broucek et al (2009) observed that the
critical maximum temperature for cows is 24-27 °C.
When the environmental temperature rises above 26 °C,
dairy cattle reach a point where they cannot cool them-
selves sufficiently for a long time, and heat stress begins
(Kadzere et al 2002). If the temperature exceeds 27 °C,
the optimum production range is exceeded (Broucek
1997; Novak et al 2000). When the environmental tem-
perature rises to the upper critical temperature (27-28
°C), the feeding status and energy balance of the animals

deteriorate (Gaafar et al 2011). Heat stress causes a de-
crease in milk yield in dairy cattle. The yield decreases
by 10% at a temperature of 27-32 °C and relative humid-
ity of 50-90%, and decreases by more 25% at a temper-
ature of 32-38 °C and relative humidity of 50-90%
(OACC 2014). The level of heat stress strongly depends
on daily fluctuations in average temperature, and if the
temperature drops below 21 °C for 3-6 hours at night,
the animal has sufficient opportunity to lose the excess
heat gained from the previous day (Igono et al 1992;
Muller & Botha 1994). The temperature at, which the
lost heat from the body begins to increase, the animal
performs intensive metabolic activities to maintain body
heat balance, and at the minum temperature, the yield
losses are inevitable due to cold stress. According to
WMO (1989), the lowest critical temperature for dairy
cattle is -15 °C, while according to FAO (2016), it is -10
°C unless there are very sudden temperature fluctua-
tions.

In this study, seasonal temperature and humidity
changes were analyzed in a free dairy shelter planned as
an alternative design. Especially for the open system
shelter, it has been tried to determine how the tempera-
ture and relative humidity change in different building
areas and how much of their total time annual the ani-
mals spend in which temperature-humidity range. The
climatic comfort performance of open-free system shel-
ters was also researched.

2. Materials and Methods

This research was carried out in the commercial
dairy cattle barn planned as a combination of micro-
structure systems in Konya, Turkey (Ugurlu & Uzal,
2010). The shelter has a total capacity of 140 heads, in-
cluding 54 dairy cows, 15 dry period, 20 heifers, 15
calves and 14 beef cattle (Table 1). In the semi-open free
shelter as an alternative design, from 1 September 2015
to 1 September 2016 to analyze the monthly, seasonal
and annual temperature and humidity changes, in certain
shelter sections (two in the resting areas, one in the
courtyard, one in the feeding area and one in the outdoor
area) electronic temperature-humidity measurement de-
vices with hourly measuring were installed 2m above
ground. Properties of the devices used for measure-
ments; included 1. Temperature: measurement range
was between -40 and 100 °C, with a resolutin of 0.03 °C
and sensitivity of 0.33 °C. 2. Relative humidity: the
measurement range was 0-100%, with a resolution of
0.4% and sensitivity of + 3%. The perspective view and
floor plan of the shelter where the research was con-
ducted, and the locations of temperature-humidity me-
ters are presented in Figure 1 and Figure 2.
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Figure 1
Perspective view of the free system dairy cattle shelter
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Figure 2

Floor plan of the shelter and layout of devices of loose housing system (e; Climatic measurement points inside the shelter,

m; Out of shelter climatic measurement point

In this study, apart from the maximum, minimum,
average, etc. criteria where climatic data are classically
evaluated, it has been determined how long the creature
was exposed to that climate parameter in a certain time
period (day, month, season, and year). Thus, an alternate
point of view was developed to evaluate the climatic
comfort of an animal and the effects of climate. For this
purpose, a different and new model was developed after
a detailed literature review to understand the effect of
temperature and relative humidity, particularly on milk
production and the comfort of animals. A total of 175
680 climate parameters (temperature, and relative hu-
midity) were categorized in certain groups (Table 1 and

Table 2). Eight categories were created by making use
of previous results in NRC (1981), Berman et al (1985),
Shinde & Taneja (1986), Sainsbury & Sainsbury (1988),
NRC (1989), WMO (1989), Igono et al (1992), Muller
& Botha (1994), Webster (1994), Broucek (1997), Ke-
own & Grant (1997), Kume et al (1998), Roenfeldt
(1998), Novak et al (2000), Kadzere et al (2002),
Knizkova et al (2002), West (2003), Broucek et al
(2009), Gaafar et al (2011), Herbut & Angrecka (2012),
OACC (2014), FAO (2016), and Vtoryi et al (2018) con-
sidering the temperatures to which animals are exposed
(Table 1). It was tried to determine how much of their
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one-year total times of dairy cattle spent at which tem-
perature and humidity values. In addition, it were clas-
sified seven categories by making use of Yiiksel (1984),
Maton et al (1985), Olgun (1988), Ekmekyapar (1991),
Okuroglu & Yaganoglu (1993), Ekmekyapar (2001),
OACC (2014) ve Vtoryi et al (2018) vb. publications re-
garding the relative humidity values to which animals
are exposed (Table 2).

Table 1
Temperature ranges to which animals are exposed and
their effect on animals

Temperature ranges ex-
posed by animals (°C)

Effect on animals

<-5°C Cold Stress
-50C-0°C Mild Cold Stress
0°C-5°C Cold Tension
50C-25°C Suitable Temperature
10°C -20°C Optimum Temperature
250C -28°C Heat Tension
280C -32°C Heat Stress
>32°C Excessive Heat Stress
Table 2

Relative humidity ranges to which animals are exposed
and their effect on animals

Relative humidity ranges exposed
by animals (%)

Effect on animals

< %20 Extremely Dry

% 20-

22 421828 Low rl?.urr):ﬁidity
e Eie
fz’fg(;go ExcessT\l/JeT);dHumid

Monthly, seasonal, and annual temperatures and hu-
midity changes were analyzed in the free system struc-
ture developed as an alternative design. Especially for
the open system shelter, the effects of temperatures in
different building areas on animal welfare and the for-
mation and results of climate criteria on the open system
were evaluated.

3. Results and Discussion

The dairy cattle spent 80% of their total time in the
autumn season at 5-25 °C, which is a suitable tempera-
ture range. During this period, the animals spent about
50% of their time at the optimum temperature range of
10-20 °C. In the autumn season, dairy cattle were at tem-
peratures between 28-32 °C which is heat stress range in
only 5% of their total time, especially in resting areas. In
this period, animals were exposed to temperatures in the
0-5 °C range, which is defined as the cold tension range,
in only 10% of their time (Table 3). According to Figure
3, there was no significant difference between building
areas. Since only the number 2 resting area was located
to the south, the temperature was 2-3 °C higher than that
in the outside environment and the courtyard. According
to Shinde & Taneja (1986), Sainsbury & Sainsbury
(1988), Roenfeldt (1998), Webster (1994), Novak et al.
(2000), West (2003), Herbut & Angrecka (2012),
OACC (2014), FAO (2016) and Vtoryi et al (2018), a

comfortable shelter environment was provided for dairy
cattle. In the shelter where the research was conducted,
semi-closed resting areas were designed to protect ani-
mals from cold, air currents and rain, especially in win-
ter. In such a season, temperatures measured in resting
areas were higher than in all other areas (Figure 3).

In winter, animals spent about 40% of their total time
at 5-25 °C (suitable temperature range) in resting areas
that they used extensively to protect from cold. In this
period, dairy cattle spent approximately 15% of their
time at 10-20 °C (optimum temperature range) (Table
4). In this season, while dairy cattle were exposed to
temperatures lower than -5 °C, which causes cold stress,
in 11% of their total time in the feeding area and in 13%
of their total time in the walking yard, this rate decreased
up to 6% in the rest area no 2 (Table 4). In this season,
it has been observed that the resting area no 2, which is
protected from weather drafts and rains, is used in-
tensely by animals. It has been determined that temper-
atures (<-5°C) that cause cold stress occurring in a very
short time period do not create a climatic stress on ani-
mals. According to WMO (1989), Knizkova et al
(2002), Herbut & Angrecka (2012) and FAO (2016),
this tempereture is compatible with the lower limit of the
effective temperatures for dairy cattle, in this period the
resting areas, which were planned as stagnant areas shel-
tered from air currents, protected the animals against
cold to a large extent. The negative impact of low tem-
peratures on animals can be significantly reduced by
keeping the bedding ground as dry as possible and feed-
ing the animals with a high energy diet.

The graphical distribution of temperatures to which
the animals were exposed in the spring season is pre-
sented in Figure 5. In the spring season, dairy cattle
spent 80% of their total time at 5-25 °C being the appro-
priate temperature range, and 50% of their total time at
10-20 °C being the optimum temperature range. In this
season, although the animals were exposed to tempera-
tures between 25-28 °C, which are categorized as heat
tension range, while in 6-7% of their total time in resting
areas (areas 2 and 3), this rate reduced up to 3-4% in the
open shelter area (courtyard and feeding area). In the
same season, animals were exposed to temperatures be-
tween 28-32 °C, which is the heat stress range, for only
4% of their total time in resting areas, while these tem-
peratures were almost never experienced in the open ar-
eas of the shelter (Table 5, Figure 5). Associated with
the temperatures rise animals prefer open and draft ar-
eas, temperatures in the heat stress range seen over a
very short period of time did not exert a negative effect
on animals. According to NRC (1981), Shinde & Taneja
(1986), NRC (1989), Blackshaw & Blackshaw (1994),
Broucek (1997), Novak et al (2000), Kadzere et al
(2002), West (2003), Broudek et al (2009), Gaafar et al
(2011), OACC (2014), FAO (2016) and Vtoryi et al
(2018), a comfortable sheltering environment, which
doesn't cause heat stress on dairy cattle, was provided
for animal welfare.
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Distribution of Temperatures Exposed by Animals in the autumn season

Percentage Distribution of Temperatures Exposed by Animals (%)

MONTHS SEPTEMBER OCTOBER NOVEMBER Autumn Season Average
O cvw gL ggllewgg8eg8lewvwg g g 2
1.0utdoor Area 0 84 5 9 6 0|5 9161 4 0|7 27 66 36 0 0|2 11 8 51 4 2 O
2. Resting Area 0 71 48 7 10 11|1 8 57 7 6|0 17 8 42 0 0|0 6 8 49 5 5 4
3. Resting Area 0 74 50 8 10 8|1 8 5 7 6|1 19 79 42 0 0|0 7 8 49 5 5 3
4. Feeding Area 0 80 52 9 9 1|4 89 5 6 1|6 26 6837 0 0|2 10 79 50 5 3 1
5. Courtyard 0 83 5510 7 0O]5 9161 4 0|9 26 6537 0 0] 3 10 8 51 5 2 0
Table 4
Temperatures Exposed by animals in the winter season
Percentage Distribution of Temperatures Exposed by Animals (%)
MONTHS DECEMBER JANUARY FEBRUARY Winter Season Average
Temperature Ranges 5 S © T S T S © T g T 8 © g 3 T & © g 8
0) Y2 2 v gl ¥R 2w gl e v gy ¥ 2 v g
1.0utdoor Area 15 55 22 8 0 |23 23 30 24 8|3 12 23 61 28|14 30 25 31 12
2. Resting Area 3 33 49 15 5 |15 19 31 34 10| 0 8 21 71 32| 6 20 34 40 16
3. Resting Area 6 41 4 13 3 |18 21 29 32 8|0 10 20 70 31| 8 24 30 38 14
4. Feeding Area 11 49 31 9 2121 23 29 27 8 2 12 23 63 28|11 28 28 33 13
5. Courtyard 14 55 23 8 1 |22 22 30 25 9|3 13 23 61 28|13 30 26 31 12
"lOudoordren 2 ResgAma 13 Resinghra S Feefinghres 05, Cotyur alOuiordr 2 RestigAra 03 ResipArea m4FeedipAres 5. Coutyrd
100 10
o % |
80 I 5%
37 g 1
§a b a
. 5 ERE
g ER)
v 0 £
gn — [
v
F: 13 18 L m 1l
SN - P
NOVEMBER Avtumn Season Average
MARCH APRIL MAY Spring Season Averge
Temperature ranges exposed by animals (°C) Temperature ranges exposed by animals (°C)
Figure 3 Figure 5

Distribution of temperatures exposed by animals in the

autumn season
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Graphical distribution of temperatures exposed by ani-

mals in the spring season
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Figure 4

Distribution of temperatures exposed by animals in the

winter season

Figure 6

Graphical distribution of temperatures exposed by ani-
mals in the summer season
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In the summer season, dairy cattle were exposed to
temperatures in the range of 5-25 °C for 55% of their
total time, especially in the feeding area and the court-
yard. During this period, the animals spent about 20% of
their time at 10-20 °C, the optimum temperature range
(Table 6). As shown in Figure 6, although the ratio of
the optimum temperatures to which the animals were ex-
posed in the summer decreased up to 20% in the total
time, the animals spent nearly 75% of their total time in
suitable (5-25 °C) and optimum (10-20 °C) temperature
ranges. In the summer season, dairy cattle were exposed
to temperatures between 28-32 °C, which is the heat
stress range, for about 17% of their total time.

Table 5

During this period, animals were exposed to temper-
atures higher than 32 °C (extreme stress range) for only
5-7% of their total time in open shelter areas (Table 6).
In addition, it has been observed that, animals preferred
open areas with air flow in the summer season. Accord-
ing to NRC (1989), Blackshaw & Blackshaw (1994),
Broucek (1997), Novak et al (2000), Kadzere et al
(2002), West (2003), Broucek et al (2009), Gaafar et al
(2011), OACC (2014), FAO (2016) and Vtoryi et al
(2018), the open shelter system provided a comfortable
shelter environment that did not create climatic heat
stress on animals in the summer season.

Percentage Distribution of Temperatures Exposed by animals in the spring season

Percentage Distribution of Temperatures Exposed by Animals (%)

MONTHS MARCH APRIL MAY Spring Season Average
Temperaureranges (2 ¢ @ S £ So 8§89 gle e 88832088888
¢0) Leegggeegdgglleegggilleegggl
1.0utdoor Area 6 32 61 33 0 0|5 9454 2 0 0|0 9 65 3 1 0|2 12 83 51 2 0 O
2. Resting Area 2 22 76 33 0 0|1 8 52 9 4 1|0 8 61 11 7 1|1 8 8 50 7 4 0
3. Resting Area 2 2870 37 0 0|1 8 49 10 4 0|0 8 59 8 8 2|1 10 79 49 6 4 O
4. Feeding Area 5 364 3 0 0|4 9 51 5 0 0|0 93 64 6 1 0|2 12 82 5 4 1 O
5. Courtyard 7 32 61 33 0 0|5 9153 3 0 0|0 9 64 4 1 0|2 12 82 50 3 0 O
Table 6.
Percentage Distribution of Temperatures Exposed by animals in the summer season
Percentage Distribution of Temperatures Exposed by Animals (%)
MONTHS JUNE JULY AUGUST Summer Season Average
. 2 2 8 Y 5|8 8 8 sl 8 gl 88 § g
Temperature Ranges (°C) g/ g 3 a 2 S; g 3 g \C;'\)/ E g 8 g z\)/ g/ g \UN:), é‘b, SO",
1.0utdoor Area 67 34 19 13 1 |50 18 25 19 6 |48 14 21 24 7 |5 22 21 19 5
2. Resting Area 53 28 13 14 19|43 15 12 12 32|42 8 13 12 33|46 17 13 13 28
3. Resting Area 53 28 13 16 18 |42 14 15 20 23|41 9 14 15 30| 45 17 14 17 23
4. Feeding Area 63 33 18 14 5 |48 18 19 22 12|47 13 16 19 18| 53 21 17 18 12
5. Courtyard 65 33 19 14 2 |49 19 21 21 9 |47 14 18 25 10|54 22 19 20 7

The temperatures to which dairy cattle are exposed
changed considerably in terms of months and seasons in
different shelter areas. However, when the average tem-
peratures throughout the year were examined, there was
no significant difference between the building areas
(Figure 7). Dairy cattle spent about 60% of their total
time at 5-25 °C being the appropriate temperature range
throughout the year. During the year, the animals were
exposed to temperatures in the range of 10-20 °C, which
is the optimum temperature range, for approximately
33% of their time. Animals are estimated to be exposed
to heat stress in approximately 6-7% and cold stress in
2-3% of their annual total time. To understand exactly
the effects of climatic environmental conditions on ani-
mal welfare in dairy cattle shelters, this study revealed
that annual distribution is important rather than distribu-
tion within a period. According to studies by Shinde &
Taneja (1986), Sainsbury & Sainsbury (1988), Webster
(1994), Roenfeldt (1998), Novak et al (2000), Kadzere

etal (2002), Knizkova et al. (2002) Broucek et al (2009),
Gaafar et al (2011), Herbut & Angrecka (2012), FAO
(2016) and Vtoryi et al (2018), the year-round open shel-
ter system provides a suitable shelter environment that
does not create climatic stress in terms of animal wel-
fare.

= |, Outdoor Area ™2, Resting area @ 3. Resting area » 4, Feeding Area ® 5, Courtyard
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Temperature ranges exposed by animals (°C)

Figure 7
% Distributions of temperatures exposed by animals
throughout the year



88

Suci and Ugurlu / Selcuk J Agr Food Sci, (2022) 36 (1): 82-90

Graphical and proportional distributions of relative
humidity values in autumn, winter, spring and summer
seasons in the shelter are given in Figure 8 and Table 7.
According to this study, dairy cattle spent about 7% of
their total time in the optimum humidity range (65-75%)
and 15% of the total time in the appropriate humidity
range (60-80%) in the autumn season. During this sea-
son, animals were exposed to the relative humidity range
of 40-60% for about 24% of their total time and to the
relative humidity in the range of 80-90% for about 4%
of their total time. In the autumn season, animals were
exposed to relative humidity lower than 20% catego-
rized as extremely dry, for 68% of their total time, espe-
cially in the resting area number 2 (Table 7). Generally,
the moisture content of the air (excluding high humidity
at high temperatures) is often not a problem in assessing
climatic comfort for animals. Only low moisture content
can cause some breathing problems as it increases the
dust content of the air in closed buildings. However,
such a problem is not observed in open shelters due to
continuous air circulation. In the winter season, dairy
cattle were exposed to the optimum humidity range of
65-75% for nearly 9% of their total time. In this period,
the animals spent about 17% of their time in the appro-
priate humidity range of 60-80%. The moisture holding
capacity decreases as the air cools down in the winter
season and consequently approaches its saturation ca-
pacity. For 75% of their total time, the animals are ex-
posed to relative humidity greater than 90%, which is
categorized as excessively humid, especially in the rest-
ing area humbere 2 (Table 7). Cause of the relative hu-
midity is higher in this area than in other areas, it can be
explained as creating a stagnant housing environment
protected from winds which has a significant effect on
the moisture content of air; this may be due to the in-
crease in the intensity of use by animals in cold periods.
This can explain the increase in the moisture content of
the environment by increasing evaporation in wet areas
created by manure. The shelter environment is suitable
for animals in terms of humidity, if very small measures
are taken for certain periods of this season. Generally,
the negative effect of moisture is enhanced with increas-
ing temperatures.

81 0utdoorAres B2 Resting Area  #3.Resting Area w4 FeedingAres  m3. Courfyard

g

Frekans (26)
s B & & 8

a

vl & &L JIEEE S I EEE P2 EEE

Auturm Season Average | Winter Season Average | Spring Season Average | Summer Season Average

Relative bumidity ranges exposed by animals (%)

Figure 8
Graphical distribution of relative humidity values cate-
gorized in autumn, winter, spring and summer

Dairy cattle were exposed to optimum (65-75%) and
suitable range of humidity (60-80%), respectively, in ap-
proximately 7% and 17% of their total time in the spring
season. In this season, animals were exposed to relative
humidity values lower than 20%, which is categorized
as extremely dry, for 46% of the total time, especially in
the resting area number 2 (Table 7). In summer, dairy
cattle wereexposed to 65-75% humidity, which is the
optimum humidity range, for about 5% of their total
time. In this period, the animals spent about 10% of their
time in the appropriate humidity range of 60-80%. In ad-
dition, relative humidity values of less than 20% ob-
served for more than 80% of the total time in the resting
area no 2 and this season fell to 15-20% in other areas
as animals began to prefer open areas with more wind
flow and the effects of these values on the physiological
activities of the animals were greatly reduced. Low hu-
midity at high temperatures has no adverse effects on
animals in the open shelter system. Several researchers
(Yiiksel, 1984; Maton et al., 1985; Olgun, 1988; Ek-
mekyapar, 1991; Okuroglu & Yaganoglu, 1993; Ek-
mekyapar, 2001; OACC, 2014; Vtoryi et al., 2018)
opine that the relative humidity values determined
throughout the year provide a suitable shelter for dairy
cattle. During the year, dairy cattle spent approximately
15-20% of their total time in the appropriate humidity
range (60-80%), and were exposed to a humidity range
of 65-75%, which is categorized as the optimum humid-
ity range for approximately 6-10% of their time (Table
8).

Table 7
Percentage Distributions of hourly relative humidity values measured in autumn, winter, spring and summer seasons
Frequency (%)
SEASONS Autumn Season Average Winter Season Average Spring Season Average Summer Season Average
s |8 § 82882588288 259828825388288832
w |tessdsslgsggsgcigesgegs|igegsgegss
1.0utdoorArea | 4 28 32 11 22 5 9|0 4 15 12 22 13 45|6 27 26 10 18 7 16|11 46 26 6 12 2 2
2.RestingArea |68 7 3 1 2 1 19/9 5 3 3 5 2 75(46 9 6 2 4 2 32|8 6 2 0 1 0 6
3. RestingArea | 5 28 32 11 23 6 6|0 4 14 13 25 17 40| 7 28 25 12 21 9 10(20 44 24 5 10 1 1
4Feeding Area | 8 29 26 14 3 19/0 6 15 9 18 54|10 28 22 7 14 4 22|23 41 20 5 1 6
5.Courtyard |5 30 27 6 15 5 18| 0 5 15 8 15 6 58| 8 28 23 6 12 5 24(17 45 22 5 9 2 5
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Table 8
Percentage distributions of hourly relative humidity
values measured throughout the year

Percentage Distribution of Relative Humidity Exposed by Animals

(%)
Relative Humidity & o5 o5 v e 06 &6 A
“Ranges(e) S5 S5 SBEE B8 8T g
1Outdoor Area 52 267 247 9.7 184 69 182
2.Resting Area 517 67 38 16 32 13 333
3. Resting Area 79 260 238 103 198 83 143
4 FeedingArea 103 261 207 71 137 38 254
5. Courtyard 74 271 219 63 127 44 265

In Figure 9, the resting area no 2 had quite dry envi-
ronments for animals to continue their physiological ac-
tivities in terms of moisture content throughout the year.
During the year, dairy cattle were exposed to less than
20% relative humidity for approximately 52% of their
total time in the resting area numbere 2 (Table 8). The
reason why this area, which was designed to protect an-
imals from cold, is drier than other shelter areas, may be
because over-drying manure absorbs moisture from the
air as both are warm (relative humidity decreases as tem-
perature increases; known as a psychometric law) and
due to the less use by animals during hot periods. In ad-
dition, dairy cattle were exposed to greater than 90% hu-
midity, especially in the resting area numbere 2, for ap-
proximately 33% of their total time (Table 8). We also
observed that the animals are exposed to relative humid-
ity values in the range of 40-90% at 50-60% of their total
time throughout the year. Several studies (Wathes et al.,
1983; Yiiksel, 1984; Ekmekyapar, 1991; OACC, 2014;
Vtoryi, 2018) have reported that the shelter environment
is suitable for animal welfare as long as the animals are
not permanently exposed to environments with 40-90%
relative humidity.

4. Conclusion and Suggestions

When designing shelters, environmental conditions,
which have an impact on animal welfare throughout the
year rather are important rather than instantaneous or
over a specific period. If resting areas planned to create
warm and stagnant areas in winter in open shelter sys-
tems are planned so that the ground is soft and dry, the
effect of cold stress seen in a short period in the winter
months can be significantly alleviated or completely
eliminated. With the rise in temperatures, unlike resting
areas, breezy and covered shadow areas should be cre-
ated for the animals to have sufficient climatic comfort.
In fact, it can be concluded that to build no shelter may
be more comfortable for animals in terms of climate than
poorly planned shelters. In the climatic conditions of
Konya region, it would be appropriate to prefer semi-
open barn type for animal welfare for dairy cattle. To
conclude, the idea that temperature, which is the main
factor for avoiding open systems in animal breeding, es-
pecially during cold periods, creates unfavorable envi-
ronments for animals and that animals are harmed by
winter chills has been refuted with this study.
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Relative humidity ranges exposed by animals (%)
Figure 9
The graphical distribution of relative humidity values
categorized throughout the year
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In this study, the rheological properties of flours containing wheat bran or dephy-
tinized wheat bran at different rates (0, 5, 10, 15%) and some physicochemical
and microbiological properties of bread doughs produced with sourdough by
using these flour mixes were investigated. Four different sourdoughs, which
were spontaneous (SS), Vakfikebir (VS), containing Lactobacillus fermentum as
a starter (LFS) and containing Lactococcus lactis as a starter (LCS), were used.
The water absorption, softening degree, resistance to extension values of dough
increased while the stability, energy and extensibility values decreased as the
rate of bran increased for both bran types. The pH and total acidity (TA) values
of the bread dough samples generally increased with the addition of bran. The
lowest moisture content, TA and LAB count, and the highest pH and yeast count
were obtained in VS. The lowest pH and the highest TA values belonged to the
bread dough samples containing SS. The number of LAB and yeast counts in
bread dough samples increased with addition of bran compared to control sam-

ple.

1. Introduction

Wheat bran is a major by-product of milling and a
good source of dietary fiber. The consumption of it has
several benefits on human health. It reduces the risk of
certain cancer types, has positive effects on the digestive
system, shortens the intestinal transit time, increases the
fecal mass, prevents constipation, cures diverticulosis
and irritable bowel syndrome, reduces the risk of obe-
sity, helps weight control, protects against gallstone for-
mation, improves glycemic control, reduces the need for
insulin or hypoglycemic substances (Almeida et al.,
2013).

The addition of dietary fiber into bread formulation
affects the technological properties of dough and pro-
duct quality. Studies have shown that the water absorp-
tion, extensibility and textural properties of flours con-
taining dietary fiber change. Some dietary fiber compo-
nents such as arabinoxylan, B-glucan have possitive ef-
fects on the dough. They increase the dough viscosity
and stabilize the gas cells (Rieder et al., 2012).

The bran could be added to flours as a dietary fiber
source and used in the production of fiber enriched pro-
ducts. However, the phytic acid content of bran limits

* Corresponding author email: humeyracetin@selcuk.edu.tr

the usage. Phytic acid forms insoluble complexes with
mineral cations and proteins and reduces their bioavai-
lability and solubility. Phytic acid must be destroyed by
an appropriate method before use (Baumgartner et al.,
2018). The effects of different biological methods and
processes (such as soaking, germination, fermentation,
boiling, baking etc.) on phytic acid were investigated in
the studies. However, it is stated that these procedures
can not completely eliminate phytic acid (Servi et al.,
2008). Ozkaya et al. (2017) reported that the phytic acid
content of wheat bran decreased at the rate of 95.2% by
autoclaving for 1.5 h at pH 4.0.

Sourdough, used in bread production, is known to
have positive effects on health directly or indirectly.
Exopolysaccharides produced by lactic acid bacteria in
the sourdough improve the viscoelastic properties of
bread dough. It prevents the adverse effects of bran par-
ticles on the gluten network and gas cells (Pejcz et al.,
2017). The decrease in pH with fermentation increases
the endogenous phytase activity and provides a reduc-
tion of phytate content by more than 50% (Gobbetti et
al., 2019).

There are studies on production and use of dephyti-
nized bran (Baumgartner et al., 2018; Majzoobi et al.,
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2014; Mosharraf et al., 2009; Ozkaya et al., 2017; Oz-
kaya et al., 2018; Servi et al., 2008). However, the study
about usage of dephytinized wheat bran in sourdough
bread dough has not been reported. In this study the ef-
fects of wheat bran and dephytinized wheat bran on rhe-
ological properties of dough and on some physicoche-
mical and microbiological properties of fermented sour-
dough were investigated. It was aimed to determine the
potential of using dephytinized wheat bran in the pro-
duction of sourdough bread.

2. Materials and Methods

2.1. Materials

Wheat flour and wheat bran were purchased from
commercial companies in Konya, Turkey. Vakfikebir
sourdough was obtained from a local bakery in Vakfike-
bir, Trabzon, Turkey. Wheat bran was milled by a lab-
scale disc miller (Laboratory Mill 3303, Perten) and par-
ticle size was reduced to less than 300 um. Lactic acid
bacteria used as starter culture in the production of Type
2 sourdoughs were obtained from Cereal and Cereal
Products Laboratory of Selguk University Agriculture
Faculty.

2.2. Dephytinization of wheat bran

Wheat bran was mixed with distilled water at a ratio
of 1:15 (w/v) and pH of bran slurry was adjusted to 4.0
with acetic acid. After keeping for 30 minutes at 121°C
in autoclave, pH of bran slurry was increased to incep-
tion pH value with 6 N NaOH. The slurry was filtered
thorough by a sieve (with an opening of 200 um), rinsed
five times with water and dried at 60°C in an oven to a
maximum of 10% moisture content (Ozkaya et al.,
2017).

2.3. Sourdough production

For the production of spontaneous sourdough, the
wheat flour and water were mixed at a ratio of 1:1 (w/v)
so that the dough yield (DY = [(weight of flour + weight
of water)/weight of flour]*100) was 200 and left to fer-
mentation at 30°C. In every 24 hours, 10% of the mix-
ture was taken and back-slopping performed not to the
way that deteriorate dough yield. Fermentation of sour-
dough continued until pH of sourdough dropped to 3.6-
3.8 and TA reached 0.72-0.90%.

For the production of sourdoughs produced by using
starter culture, wheat flour and water were blended in a
steril jar at a ratio of 1:1 (w/v). The starter culture was
inoculated at least in an amount of 10° kob/g of lactic
acid bacteria in mixture and left to fermentation at 30°C
for 24 hours. For the preparation of starter cultures, bac-
teria, kept at -20°C, were inoculated at a rate of 2% into
MRS broth medium for reactivation and incubated at
30°C for 24 hours by providing the proper incubation
conditions with Anaerocult C (Merck, Germany). After
the incubation, cells were harvested by centrifugation at
6000 rpm for 10 minutes. The pellet was washed twice
with sterile % Ringer solution (Merck, Germany) and
the number of LAB was determined by spread plate

technique. The liquid phase was removed by last centrif-
ugation, cell pellet was resuspended in sterile 20% glyc-
erol solution and kept at -20°C until usage as a starter
for sourdough production.

2.4. Bread dough-making

For bread dough making, wheat flour was blended
with wheat bran or dephytinized wheat bran at the dif-
ferent rates (0, 5, 10, 15%). 1 g sugar, 1.5 g salt, 1 g
yeast, 30 g sourdough and water based on water absorp-
tion determined in farinograph (the amount of flour and
water from sourdough were taken into account) were
added to 100 g of flour mixture and kneaded for 10
minutes in a kitchen-type dough kneader (KitchenAid,
5KSM45, ABD) at slow speed. The dough was fer-
mented for 120:35 min (punching, proofing) at 30°C and
80+5% relative humidity.

2.5. Rheological analyses

The rheological characteristics of flour and bran
mixes were tested with the farinograph (Brabender
GmbH & Co KG, Germany) using Approved Method
54-21 and extensograph (Brabender GmbH & Co KG,
Germany) using Approved Method 54-10 (AACC,
2000).

2.6. Physicochemical analyses

Ash, protein and fat contents of flour, wheat bran and
dephytinized wheat bran were determined according to
AACC Standard Method No: 08-01.01, 46-12.01
(AACC, 2010) and ICC Method No: 136 (ICC, 2002),
respectively. Moisture contents, titratable acidity and
pH values of flour, wheat bran, dephytinized wheat bran,
sourdoughs and bread doughs were determined accord-
ing to AACC Standard Method No: 44-01.01, 02-31.01
(AACC, 2010) and AOAC Standard Method No: 943.02
(AOAC, 2012), respectively. Falling number and sedi-
mentation test of flour were performed by using AACC
Standard Method No: 56-81.04 and 56-61.02 (AACC,
2010), respectively. The phytic acid contents of bran
samples were calculated according to Haug and
Lantzsch (1983) by measuring the phytate phosphorus
spectrophotometrically.

2.7. Microbiological analyses

For microbiological analyses, 10 g of sourdough or
bread dough was weighed into sterile stomacher bag and
homogenized in 90 ml of 0.1% peptone water. After ho-
mogenization, appropriate serial decimal dilutions, pre-
pared with 0.1% peptone water, were used for inocula-
tion by spread plate technique and the results were ex-
pressed as logio colony forming units per gram sample
(logio CFU/g). Total lactic acid bacteria were cultured
on MRS agar containing 0.05 g/l of cycloheximide to
prevent yeast growth and incubated anaerobically at
30°C for 48 h. Yeast was counted on Potato-Dextrose
Agar (PDA, Merck, Germany) acidified by sterile tar-
taric acid (1.4 g/1) after incubation at 27°C for 5 days.

2.8. Statistical analysis
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The results were expressed as the mean of two inde-
pendent replicates with at least triplicate measurements.
MINITAB release 18.0 was used to analyse data by per-
forming one-way analysis of variance (ANOVA), fol-
lowed by Tukey Multiple Comparison Test to verify any
significant differences among the means at a 5% signif-
icance level (p<0.05).

3. Results and Discussion

3.1. Rheological properties

The changes in the rheological properties (stability,
development time, water absorption, softening degree,
energy (A), extensibility (E), resistance to extension at
constant deformation (Rs) and dough maximum re-
sistance (Rm) values) of flour added with wheat bran or
dephytinized wheat bran are shown in Figure 1.

The water absorption and softening degree values of
flour increased while the stability value of flour de-
creased as the bran rate increased for both bran types.
However, considering the development time values, it
was seen that the both type of wheat bran utilisation lead
to reduce the development time of dough. Additionally,
increasing bran addition levels caused decreasing the de-
velopment time.

The reason for the increase in water absorption is that
there are more hydroxyl groups in bran compared to
flour, and these groups allow more hydrogen bonds to
be established with water molecules (Rosell et al.,
2006). The porosity of the insoluble fiber fraction of
bran is higher than the soluble fiber fraction. As porosity
increases, the number of hydrogen bonds made with wa-
ter molecules increases, so water absorption increases
too (Kethireddipalli et al., 2002). The increase in insol-
uble fiber concentration of bran by dephytinization pro-
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cess could had caused higher increase in water absorp-
tion of flour samples containing dephytinized wheat
bran than flour samples containing wheat bran.

The number and strength of the bonds between gluten
proteins affects dough stability value. Some physical
and chemical interactions during long-term kneading
and the weakening of the gluten network with bran ad-
dition can lead to a decrease in dough stability value.
The flours with high amount and quality of gluten have
low softening degree and long development time
(Ozkaya et al., 2018). It is thought that the dilution of
gluten concentration with the addition of bran caused in-
crease in the softening degree values and decrease in the
development time values of samples. However, the ad-
dition of dephytinized wheat bran compared to control
group increased development time values. It has been
reported that the long development time in whole wheat
flour is due to the interaction between gluten and bran
particles and preventing of the protein hydration by bran
particles, therefore the kneading process is needed to be
applied for a longer time in order to reach maximum
consistency (Penella et al., 2006). The high water ab-
sorption capacity of bran particles can also be effective
in prolonging of the development time. In addition some
chemical bonds can not form because of intervention of
bran particles between gluten molecules and a decrease
in intermolecular attraction force. So it is delayed for the
dough to reach the appropriate consistency (Ozkaya et
al., 2017). The number of disulfide bonds in dough can
increase as a result of the washing away of reducing
agents by dephytinization process. Therefore, the flour
containing dephytinized wheat bran has longer develop-
ment time, higher stability value and lower softening de-
gree than wheat bran added flour. The heat treatment ap-
plied during the dephytinization process increases lipox-
ygenase activity by inactivating the lipase enzyme, thus
disulfide bond formation increases and dough rheology
improves (Mosharraf et al., 2009).
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The stability, development time, water absorption and softening degree values (a), and the energy (A), extensibility (E),
resistance to extension at constant deformation (Rs) and dough maximum resistance (Rm) values (b) of flour mixtures
containing wheat bran or dephytinized wheat bran at different rates
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It can be seen in the extensogram values (Figure 1) that
the Rs value increased along with an increase in addition
rate for both bran types and this rise was higher in the
flour containing dephytinized wheat bran. The Ri value
increased with an increase in dephytinized wheat bran
rate, but it decreased as wheat bran rate increased. As
the amount of bran added increased, the A and E values
decreased for both bran types and this decline was
higher in dephytinized wheat bran added flours com-
pared to wheat bran added flours.

It has been reported that hemicelluloses being in the
structure of bran particles, compete with gluten proteins
and starch for water, which prevents the complete for-
mation of gluten structure (Hoseney, 1986). In addition,
the release of ferulic acid from arabinoxylanes being in
the bran fraction and the formation of cross-links be-
tween arabinoxylanes and gluten proteins also affects
the gluten network. As a result of this effect, the gluten
network becomes more resistant to extension (Le Bleis
et al., 2015). Therefore, dough resistance to extension
value increased while extensibility of dough decreased
with the bran additive.

3.2. Physicochemical properties

Moisture, ash, protein, fat, pH and TA values of the
flour sample were determined as 12.17%, 0.63%,
13.99%, 1.66%, 6.11 and 0.22%, respectively. These
values were 11.39%, 6.14%, 15.53%, 3.76%, 6.48 and
1.21% for wheat bran, while were 5.77%, 6.22%,
14.60%, 3.98%, 6.82 and 1.14% for dephytinized wheat
bran, respectively. The sedimentation and falling num-
ber values of the flour sample were found as 45 ml and
585 s. The dephytinization process decreased the phytic
acid content of wheat bran from 3043.55 mg/100 g to
145.64 mg/100 g (Figure 2). The reason for the lower
moisture content of dephytinized wheat bran than wheat
bran is the drying process applied after autoclaving. As
a result of dephytinization process, while the amount of
ash and fat of wheat bran increased, the amount of pro-
tein decreased. The decline in protein content may be
resulted from the high temperature applied during
dephytinization (Khatun et al., 2007), and the washing
and filtration processes applied after autoclaving. It has
been reported that while the pH values of samples were
high, the high titratable acidity values may be due to the
buffer effect of the bran proteins (Seiuml et al., 2011).
Van Bockstaele et al. (2008) found that the ash, sedi-
mentation and protein values (in dry matter) of wheat
flour samples were ranged from 0.56-0.90%, 34-70 ml
and 11.6-16.9%, respectively. Priickler et al. (2015) es-
tablished the ash, fat and protein contents of wheat bran
as 5.8%, 5.7% and 15.5%, and these of wheat flour as
0.8%, 1.3% and 13.9%, respectively. Ozkaya et al.
(2018) determined the ash and protein contents of wheat
flour as 0.50%, 13.25% and these of wheat bran as 5.6%,
14.2%, respectively. The differences between data ob-
tained in the studies may arise from the climate, soil and
variety and vary in a wide range (Peterson et al., 1992).
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Figure 2
The phytic acid contents of wheat bran and dephytinized
wheat bran

In spontaneous sourdough production, while pH de-
creased by the fermentation progress, TA value in-
creased. pH and TA values, being 6.16 and 0.14% at the
beginning, reached 3.62 and 0.99%, respectively, at the
end of fermentation. The changes over time of pH and
TA values determined before each back-slopping during
fermentation is shown in Table 1. It has been reported
that the pH and TA values of sourdough, growing proper
ripe, were ranged between 3.6-3.8 and 0.72-0.90% (lac-
tic acid), respectively (Gobbetti and Génzle, 2012).
When the pH and TA values of the sourdough sample
are examined at the end of the 5™ day, it is seen that it is
compatible with data in the literature. Wehrle and Ar-
endt (1998) determined that while the initial pH value of
spontaneous sourdough was 6.4, it dropped to 3.7 at the
end of 40 hours of fermentation. The pH and TA values
of VS, LFS and LCS were 4.97-0.23%, 3.66-1.03% and
3.63-1.01%, respectively.

Table 1
The changes over time of pH, TA and LAB count during
spontaneous sourdough fermentation (mean =+ std. dev.)

Days bH TA (%) LAB count
(lactic acid) (log10 cfu/g)
0 6.16 £0.05 0.14+£0.01 0.00 £0.00
1 4.64+0.05 0.61 £0.08 6.66 +£0.10
2 3.73+£0.01  0.94+0.00 8.58 £0.05
3 3.64+0.01  0.97+0.02 8.63 +£0.05
4 3.63+0.02  0.98+0.02 8.68 £0.10
5 3.62+£0.00 0.99+0.01 8.77+0.01

The moisture contents, pH and TA values of sour-
dough bread dough samples containing wheat bran or
dephytinized wheat bran are given in Table 2. The addi-
tion of bran increased the moisture content of bread sam-
ples, but the effect of the bran addition rate was gener-
ally insignificant (p>0.05). When the effect of sour-
dough type on the bread dough moisture content was ex-
amined for both bran types, it is seen that the highest
results belonged to samples produced with LFS and the
lowest results belonged to samples containing VS
(p<0.05). Although the moisture contents of the bread
doughs containing dephytinized wheat bran were higher
than the wheat bran added samples, the effect of the
dephytinization was generally insignificant (p>0.05),
except for the samples produced with LCS. The pH and
TA values of the bread dough samples generally in-
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creased with the addition of bran (p<0.05). It was deter-
mined that the highest pH and the lowest TA values be-
longed to the samples produced with VS, the lowest pH
and the highest TA values belonged to the bread dough
samples containing SS (p<0.05). While the pH values of
the samples containing wheat bran were higher than the
samples containing dephytinized wheat bran, the effect
of the dephytinization on the TA value was generally
found to be insignificant (p>0.05).

Desmazeaud (1983) reported that the acid produc-
tion ability of Lactococcus species is higher than that of
Lactobacillus species. When the TA values of bread
dough samples are examined, it is seen that the TA val-
ues of samples containing LCS were higher than that of
bread dough samples produced with LFS. It is thought
that the high TA values of bread dough samples contain-
ing SS may had been due to the activity of homoferment-
ative lactic acid bacteria which were present in sour-
dough microflora, but not dominantly and could not be
obtained as pure.

Aplevicz et al. (2013) determined that the initial pH
values of bread doughs containing sourdoughs produced
with two different Lactobacillus paracasei strains and
two different Saccharomyces cerevisiae strains were be-
tween 4.51-4.73, and the lowest pH value at the end of
10 hours of fermentation was 3.44. It was reported that
the highest TA values (6.42-6.51 ml 0.1 N NaOH/10 g
of sample) belonged to bread doughs containing sour-
dough produced with yeast.

3.3. Microbial counts of sourdoughs and bread doughs

In spontaneous sourdough production, while the
number of lactic acid bacteria increased by the fermen-
tation progress (Table 1), no yeast growth was observed.
It is considered that the number of yeast was below the
limit that can be determined at the beginning of fermen-
tation period and the process conditions negatively af-
fected the yeast growth (Vogelmann et al., 2009). The
pH decrease occurred rapidly in the sourdough sample,
the increase in the number of yeast did not occur due to

Table 2

the predominance of lactic acid bacteria in the following
days and the effect of the acid formed. Gobbetti and
Génzle (2012) stated that the number of lactic acid bac-
teria in sourdough varied from 7 to 9 logso cfu/g. In this
study, it is seen that the number of lactic acid bacteria in
the spontaneous sourdough sample reached 8.77 logio
cfu/g and was within the range given in the literature.
The LAB counts of VS, LFS and LCS were 5.48, 9.00
and 8.96 logio cfu/g, respectively. The yeast count of VS
was 4.92 log10 cfu/g while no yeast detected in other
sourdoughs.

The LAB and yeast counts of bread dough samples
are given in Table 2. It was determined that the addition
of bran in dough increased the number of LAB, but the
effect of the addition rate and type of bran on the LAB
number was statistically insignificant (p>0.05). It was
seen by considering the effect of sourdough type on
LAB number that, the sample group with the lowest
LAB count was the bread dough samples containing VS
(p<0.05). The yeast number of bread dough samples inc-
reased with the addition of bran. It is seen that the hig-
hest yeast number in general belonged to the samples
containing LFS and LCS, while the lowest values belon-
ged to the samples produced with VS (p<0.05).

The organic acids formed as a result of the action of
lactic acid bacteria stimulate the metabolic activity of
yeasts. When Table 2 was examined, the number of ye-
ast was also high in samples with a high number of lactic
acid bacteria. In addition, although there was no yeast in
other sourdough samples, the yeast count in bread dough
produced with these sourdoughs, increased to 6.33-7.64
logio cfu/g, but the yeast number of samples containing
VS of which the initial yeast number was 4.92 logio
cful/g, reached 7.03 logio cfu/g and this rise was lower
than that of other samples. Aplevicz et al. (2013) deter-
mined that the LAB and yeast counts of bread doughs
containing sourdoughs produced with two different Lac-
tobacillus paracasei strains ranged from 8.66-8.91 logio
cfu/g and 7.08-7.18 logso cfu/g, respectively.

The moisture content, pH and TA values, LAB and yeast counts of bread dough samples (mean + std. error)

Rate of bran

LAB count Yeast count

Sourdough

TA (%)

type Bran type (%) Moisture (%) pH (lactic acid) (log10 cfulg) (log10 cfu/g)
0 44.51 £0.04%8 4.07 £0.02°° 0.73+0.01" 8.26 + 0.00" 6.33 £0.09°
Wheat bran 5 44,52 £0.15%° 4.17 +£0.03%CP 0.80 +0.01347 8.56 +0.03%4° 6.37 £ 0.07°R
10 45.39 + 0.04%° 4.26 +0.02°CF 0.83 £0.01%° 8.65 £ 0.00%7 6.57 £ 0.09"ER
sS 15 45.47 +£0.088R 4.58 +0.02%F 0.87 +0.03%" 8.69 + 0.07%4" 7.08 + 0.02%R
0 4451 £0.04%8 4.07 £ 0.02°° 0.73£0.01% 8.26 + 0.00"® 6.33 +0.09C
Dephytinized 5 45.28 £0.11%4P 4.12 +£0.03%CP 0.74 + 0.00%R 8.55 +0.09%47 6.78 + 0.00°%"
wheat bran 10 45,67 + 0.46%5¢P 4.20+0.013° 0.75 +0.02347 8.64 +0.01%47 7.42 +0.00%4°
15 46.48 £ 0.16%%" 4.22 +(.02%PR 0.78 £0.01%" 8.67 £ 0.00%7 7.49 + 0.044°
0 43.39+0.37® 5.52+0.02% 0.36 + 0.02°C 5.17 +£0.03 6.72+0.01%
Wheat bran 5 43.65 + 0.03%F 5.67+0.01°° 0.39 +0.01°° 5.41 £0.02%° 6.78 + 0.04%°
10 43.94 +£0.323° 5.72 +0.02%47 0.42 +0.01°°° 5.45 +0.04%%° 6.85 + 0.00%5R
VS 15 4443 +0.42°%%° 5.77+0.01%° 0.50 + 0.00%°" 5.55+0.05% 6.98 + 0.08%°
0 43.39+0.37%® 5.52+0.02%4 0.36 +0.02% 5.17 +£0.03 6.72+0.01°®
Dephytinized 5 43.71 +0.19%8° 5.54 + 0.00R 0.36 + 0.00%° 5.24 + 0.00%ER 6.80 + 0.03°5"
wheat bran 10 45.46 + 0.213F 5.62 + 0.00"R 0.38 = 0.00%°7 5.35 +0.04%5° 7.01 + 0.0238°
15 45.67 +0.05°° 5.75 +0.00%° 0.41 +0.01%R 5.45+0.01%%° 7.03 +0.04%°
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Table 2 (Continue)

The moisture content, pH and TA values, LAB and yeast counts of bread dough samples (mean = std. error

0 4537 +0.03" 4.74+0.01 0.52 +0.02% 8.49+0.01" 7.30 +£0.03%

Wheat bran 5 46.22 + 0.09°04° 4.95+0.01%° 0.56 + 0.03%8° 8.63 £ 0.03%° 7.31+0.03%°

10 46.43 + 0.00%4R 5.10 £ 0.01%%° 0.58 £ 0.012¢P 8.69 + 0.02%° 7.38 + 0.04%04°

LES 15 46.97 + 0.54° 5.22 £ 0.00%° 0.64 +0.01%° 8.73 + 0.024° 7.50 £ 0.02%7
0 4537 +0.03" 474 +0.01 0.52 +0.02% 8.49+0.01% 7.30 £ 0.03%

Dephytinized 5 46.27 +0.27%" 4.84 +0.01%BR 0.53+0.01%° 8.50 + 0.03%° 7.34+0.01%4°

wheat bran 10 47.87 +0.25%° 4.87£0.01%8R 0.55+0.013° 8.66 + 0.07*° 7.49 £ 0.0524°

15 4826+ 0.25%° 5.01 +0.02%8R 0.58 +0.01°°° 8.70 + 0.06*° 7.53 £ 0.007
0 44.43 +(.31%8 4.85+0.00%® 0.56 +0.03%® 8.52+0.03% 7.20 £ 0.00°*

Wheat bran 5 44.85 + 0.01%BR 4.94 +0.00°8° 0.62 + 0.01°8° 8.62+0.01%  7.44+0.03°

10 45.53 + (0.]4%ABR 5.10 £ 0.00%8° 0.71 £ 0.012%8° 8.65+0.02P%°  7.48+0.017

LCs 15 45.87 + 0.23%8R 5.12 +£0.01°° 0.77 £ 0.02%° 8.77 £ 0.024° 7.54 £ 0.04°
0 44.43 +0.3]1%8 4.85+0.00% 0.56 £0.03" 8.52+0.03" 7.20 £ 0.00%

Dephytinized 5 45.57 +0.00"7 4.90 +0.03%%° 0.57 £ 0.01°%° 8.53 +£0.0204R 7.46 £ 0.03%4°

wheat bran 10 4730+ 0.23%48° 491 +0.01%R 0.62 + 0.0128R 8.58 +0.0204° 7.58 +0.03%4P

15 47.46 + 0.20%48P 4,92 +0.01°R 0.69 £ 0.00%° 8.73 £ 0.024° 7.64 +0.01%A°

Values followed by different superscript letters (series “a-d”) within each column (indicating differences among average of bread dough samples at
same sourdough type with same bran type and with different addition rate) by different uppercase letter series “A-D” within each column (indicating
differences among average of bread dough samples at different sourdough type with same bran type and with same addition rate) and series “P-R”
within each column (indicating differences among average of bread dough samples at same sourdough type with different bran type and with same

addition rate) are significantly different at p<0.05.
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The purpose of this study was to analyze the R&D approaches of business The
current study investigated the effects of dill, spinach and Swiss chard powders
on the physicochemical (pH, TBARS, colour, residual nitrate and nitrite), mi-
crobiological (TMAB, LAB and total yeast-mould) and textural properties
(TPA) of sucuks during refrigerated storage for 90 days. Five different groups
of sucuk were prepared containing T1: 100 mg/kg sodium nitrite; T2: 100 mg/kg
sodium nitrate; T3: dill powder 0.71%; T4: spinach powder 0.29% and T5: Swiss
chard powder 0.26%. Swiss chard powder decreased the pH values of samples
(P < 0.05). It was determined that the most effective curing agent in terms of
TBARS numbers was spinach powder (T4). The residual nitrate was not detected
in the groups of T4 and T5 all the refrigerated storage (P < 0.05). Curing with
different vegetable powders did not affect the microbiological counts of sample
(P > 0.05). Natural curing agents decreased the redness values of samples (P <
0.05). The highest chewiness value was determined in the group of T5 (P < 0.05).
These results suggest that Swiss chard and spinach powders could be recom-

mended as a natural curing agent in the sucuks.

1. Introduction

Curing in meat technology is defined as the addition
of salt, nitrate and / or nitrite and various spices depend-
ing on the type of meat product (Sindelar et al., 2007).
Nitrate and nitrite have been widely used in cured meat
products as essential additives that inhibit pathogens
(particularly against Clostridium botulinum and its spore
germination), slow down the growth of other microor-
ganisms, exhibit antioxidant effects, develop typical red
curing color and flavor (Choi et al., 2017; Honikel,
2008; Majou and Christieans, 2018; Skibsted, 2011). Ni-
trate must be reduced to nitrite in order to have the stated
effects (Sebranek and Bacus, 2007; Sindelar and
Milkowski, 2012). However, when nitrate and nitrite are
used in high concentrations in the production of cured
meat products, N-nitrosamines some of which are toxic
and carcinogenic compounds, can form in certain condi-
tions (Honikel, 2014; Zarringhalami et. al., 2009). Thus,
the meat processing industry searches for alternatives to
solve this health risk associated with usage of nitrate and
nitrite (Riel et. al., 2017). On the other hand, consumers
interest in natural additives instead of synthetic additives
in meat products. With the awareness of consumers, the
demand for natural / organic products is increasing. In
line with this demand, researches on the production and

* Corresponding author email: asmtbb@gmail.com

development of natural/organic products are increasing
day by day (Alahakoon et. al., 2015; Jayasena and Jo,
2013). Several studies have been conducted to meet this
demand of consumers. Some of the studies are on the
usage of natural antioxidants, essential oils, bacteriocins
and spices as a substitute to nitrite. Nonetheless, since
nitrite is a multifunctional additive, it is difficult to com-
pletely substitute with simple substances (Flores and
Toldra, 2021). Due to nitrate content of some plants at
considerable amount (Gassara et. al., 2016), the use of
nitrite from vegetables in processed meats as a curing
agent without synthetic preservatives is the most prom-
ising method. A natural nitrate source and nitrate-reduc-
ing starter culture must be used in combination to pro-
duce typical cured meat properties (Sebranek and Bacus,
2007).

The among plant-derived nitrate sources, celery,
spinach, radishes and lettuce have high nitrate content
with more than 2500 mg /kg (Gassara et al., 2016;
Schullehner et. al., 2018). There are many studies about
the usage of especially celery products as curing agent
in meat products (Horsch et al., 2014; Magrinya et al.,
2009; Myers et al., 2013; Riyad et. al., 2018). However,
it was reported that it has allergic compounds (Ballmer-
Weber et al., 2002). Therefore, the potential use of
different vegetable nitrate sources as curing agent in

This study was part of the pHD thesis of Ali Samet BABAOGLU.
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meat products need to be investigated. Spinach
(Spinacia oleracea), Swiss chard (Beta vulgaris var.
cicla) and dill (Anethum graveolens) contain high level
nitrate together with antimicrobial compounds and
antioxidant components (Jiraungkoorskul, 2016; Pyo et.
al., 2004; Riel et al., 2017). In the literature, there is no
study regarding the use of dill as a natural nitrate source.
Considering the investigations about spinach and Swiss
chard, although the studies are present on their usage as
a nitrate source (Kim et al., 2017; Nasonova and
Tunieva, 2017; Riyad et al., 2018; Shin et al., 2017),
there is no report related with usage of them as a curing
agent in sucuk. Therefore, the objective of this study was
to investigate the effects of dill, spinach, and Swiss
chard powders on the quality characteristics of naturally
cured sucuks and evaluated their effects by comparing
them with sucuks containing synthetic sodium nitrite
and sodium nitrate during refrigerated storage for 90
days.

2. Materials and Methods

2.1. Production of dill, spinach and Swiss chard pow-
ders

Fresh dill (Anethum graveolens L.), spinach (Spina-
cia oleracea) and Swiss chard (Beta vulgaris L. var.
cicla) were purchased from a local market in Konya,
Turkey. After the vegetables were washed, they were
dried under natural laboratory conditions (at 24+1 °C for
84 hours). The dried vegetable powders were ground us-
ing a grinder (Arzum, Mulino, AR 151, Turkey) to ob-
tain dill (5.74+0.01 for pH), spinach (5.85+0.01 for pH)
and Swiss chard (5.10+£0.01 for pH) powders. The pow-
ders were sterilized for 2.5 hours at 115 °C in a dry heat
sterilizer in order not to affect the microbial quality of
the sucuks.

2.2. Manufacture of sucuks and experimental design

Fresh boneless beef (Biceps femoris, Semitendinosus
and Semimembranosus muscles) and beef fat were ob-
tained from a local meat plant (Panagro Meat Plant) in
Konya, Turkey. Beef meat and fat were initially ground
through a 9-mm plate. The sucuk production was con-
ducted in Panagro Meat Plant in Konya, Turkey.

Five different groups of sucuk were produced
depending on the curing agents: Treatment 1 (T1), 100
mg/kg sodium nitrite (traditionally nitrite cured); Treat-
ment 2 (T2), 100 mg/kg sodium nitrate; Treatment 3
(T3), dill powder 0.71%; Treatment 4 (T4), spinach
powder 0.29% and Treatment 5 (T5), Swiss chard pow-
der 0.26%. The formulations of the sucuks are given in
Table 1. According to initially determined nitrate level
in dill, spinach and Swiss chard powders used in this
study, the addition levels of vegetable powders to sucuk
formulations were corresponded to an amount of 100
mg/kg nitrate.

Table 1

Formulaton of sucuks showing five different treatments
Formulation Treatments
© T1 T2 T3 T4 T5
Beef meat 100.00 100.00 100.00 100.00 100.00
Beef fat 34.60 34.60 34.60 34.60 34.60
Garlic 3.90 3.90 3.90 3.90 3.90
Spice mixture 4.40 4.40 4.40 4.40 4.40
NaCl 2.00 2.00 2.00 2.00 2.00
Dextrose 0.15 0.15 0.15 0.15 0.15
Ascorbic acid 0.03 0.03 0.03 0.03 0.03
Starter cul- 0.05 0.05 0.05 0.05

" 0.05

ture
Curing
agents**
Sodium nitrite
(NaNOy) 0.01 - - -
Sodium nitrate
(NaNOs) - 0.01 - -
Dill powder - - 0.71 -
Spinach pow- ) 0.29
der
Swiss chard
powder ) ) 0.26

*Starter culture was added to sucuk batter at the level of 107 cfu/g.

**100 ppm sodium nitrite and sodium nitrate were added to T1 and T2
groups, respectively. Natural curing agents (dill, spinach, and Swiss
chard powders) were added to sucuk batter at the level of 100 ppm
nitrate equivalent.

T1: 100 ppm sodium nitrite (traditionally nitrite cured); T2: 100 ppm
sodium nitrate; T3: dill powder 0.71%; T4: spinach powder 0.29%;
T5: Swiss chard powder 0.26%.

For the preparation of sucuk batter, beef meat, beef
fat, spice mixture, garlic, dextrose, salt and ascorbic acid
were mixed in a grinder (Ar1 Machine, Turkey) and then
selected starter cultures having nitrate reductase activity
(mixture of Pediococcus pentosaceus and Staphylococ-
cus carnosus; BFL-TO03, Christian Hansen, Hoers Holm,
Denmark) were added at a level of 107 CFU/kg of sucuk
batter.

Each sucuk batter was stuffed into 38 mm collagen
casings using a stuffer (Vemag, Maschinenbau, Ger-
many). Sucuks were placed in climatic room for ripen-
ing under the following conditions: (1) at 24 °C and 90%
relative humidity (RH) for 12 hours, (2) at 20 °C and
85% RH for 12 hours, (3) at 18 °C and 80% RH until the
pH reached 5.2-5.3, (4) at 14 °C and 70% RH for 12
hours, (5) at 14 °C and 50% RH for 12 hours, (6) at 11
°C and 50% RH until the water content of sucuks
reached 33-34% (end product). The air flow velocity
was 0.5 m/s in all stages of the ripening period. Ready
to eat sucuk samples were modified atmosphere pack-
aged (MAP) and stored at 4 °C for 90 days. For MAP,
sucuk samples were put into gas impermeable trays.
Packages were evacuated, filled with a modified atmos-
phere containing 29.7% carbon dioxide, 0.3% oxygen
and 70.0% nitrogen and automatically heat-sealed with
a barrier film. The trays had a water vapor transmission
rate 10 g/m?/24 h/at 38 °C/, 90% RH, 1 atm and oxygen
transmission rate 2 cm®m?/24 h/at 23 °C, 50% RH, 1
atm. The film had an oxygen transmission rate of 2
cm®/m?/24 h/bar at 23°C and 50% RH and a water vapor
permeability of 10 g/m?/24 h at 23 °C and 90% RH.
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In this study, all treatments were replicated inde-
pendently twice. For each replicate, 50 sucuks were pro-
duced per treatment. Analyses of pH, TBARS, residual
nitrate and nitrite were performed on days 0, 15, 30, 45,
60, 75 and 90. Color analyses were conducted on days
0, 30, 60 and 90. Microbiological analyses were per-
formed on days 0, 45 and 90. Additionally, texture pro-
file analyses (TPA) were conducted on day 0.

2.3. pH measurements

The pH values of samples were determined through-
out the refrigerated storage. The pH measurements were
conducted with a portable pH meter (WTW Series pH
720, Weilheim, Germany) according to AOAC (2000).

2.4. Determination of lipid oxidation

Thiobarbituric acid (TBARS) method described by
Ockerman (1985) was used to determine the lipid oxida-
tion of the sucuk samples. The absorbance of samples
was read at 538 nm (UV-160 A, UV-Visible Recording
Spectrophotometer, Shimadzu, Tokyo, Japan) against a
reagent blank. The TBARS numbers were expressed as
milligrams malonaldehyde per kilogram samples (mg
MA/ kg sample).

2.5. Residual nitrate and nitrite analyses

The residual nitrate and nitrite contents of the sam-
ples were determined according to Cortesi et. al. (2015).
For determination of nitrate contents of samples, nitrate
was reduced to nitrite by means of cadmium sulphate.
Afterwards, nitrite was reacted with sulphanilamide
with  N-1-naphthylethylenediamine dihydrochloride
(NED) and the resulting pinkish dye was measured with
a spectrophotometer (UV-160 A, UV-Visible Recording
Spectrophotometer, Shimadzu, Tokyo, Japan) at 540
nm. The residual nitrate and nitrite contents were calcu-
lated using standard curves of sodium nitrate and so-
dium nitrite solutions. The residual nitrate and nitrite
contents were expressed as mg nitrate per kg sample
(mg/kg) and mg nitrite per kg sample (mg/kg), respec-
tively.

2.6. Microbiological analyses

The microbiological analysis of samples was per-
formed by following the procedure of Zhang et al.
(2016) with minor modifications. 10 g of sucuk samples
were hygienically transferred to the stomacher bags.
Then, 90 mL of Ringer's solution (Ringer Tablet, Merck,
Germany) was added and blended until a homogeneous
mixture was obtained. For each sample, serial decimal
dilutions were prepared with sterile Ringer’s solution
and 1 ml sample of the appropriate dilutions was trans-
ferred into selective agar plates. The enumeration of mi-
croorganisms was done on the plates, which contain the
colonies between 30 and 300 after incubation for spe-
cific storage conditions (time, temperature, oxygen etc.).
The results were expressed as log10 colony forming
units per gram sucuk (log10 CFU/g).

Total mesophilic aerobic bacteria (TMAB) were cal-
culated by using Plate Count Agar (PCA, Merck, Ger-
many) after incubation at 37°C for 48 h and then enu-
merated (Babuskin et al., 2014). The lactic acid bacteria
(LAB) were cultured on Man-Rogosa-Sharpe (MRS)
agar anaerobically incubated at 37°C for 72 h and then
enumerated (Zhang et al., 2016). Yeast-mold were
counted on Potato Dextrose Agar acidified by sterile tar-
taric acid (10 %) (Merck, Germany) incubated at 25°C
for 5 days (Gokalp et. al., 1999). The total coliform bac-
teria medium Violet Red Bile agar (VRBA; Merck, Ger-
many) on the plates was incubated at 37 °C for 24 h and
then enumerated (Sagdic et. al., 2011).

2.7. Texture profile analysis

Texture profile analyses of sucuks were conducted
using the method of Crehan et. al. (2000) and Herrero et
al. (2007). TPA was conducted in accordance with the
two-compression method using a texture analyzer (TA-
HD Plus Texture Analyser, UK). A cylindrical plate
which has diameter of 20 cm and 50 kg load cell were
used. The sample was compressed twice, with a 0.1-sec
delay between the descents, pre-test speed of 1 mm/sec,
test speed of 5 mm/sec, post-test speed of 5 mm/sec and
compression of 50%. The following texture profile pa-
rameters were determined: hardness (N), adhesiveness
(N.s), cohesiveness, springiness and chewiness (N).
Sucuk samples were sliced at 1.5 cm height for texture
analysis and analyses were performed as 3 parallel slices
for each group.

2.8. Colour measurements

Colour properties of sucuks were measured accord-
ing to Hunt et al. (1991). Chroma meter CR-400 (Kon-
ica Minolta, Inc., Osaka, Japan) with illuminant D65, 2°
observers, Diffuse/O mode was used for color determi-
nation. L* (lightness), a* (redness) and b* (yellowness)
parameters of the samples were determined. The meas-
urements were carried out on the outer surfaces of the
sucuk samples. Three readings were taken on different
parts of outer surfaces for each sample.

2.9. Statistical analysis

This study was conducted in two independent repli-
cates with triplicate sampling and a completely random-
ized design was employed. A one-way analysis of vari-
ance (ANOVA) was performed for all variables (pH, re-
sidual nitrate, residual nitrite, TBARS, microbial counts,
TPA and colour) by using MINITAB release 18.0 pro-
gramme. The interaction between curing agent treatment
and storage was also analyzed with two-way Anova us-
ing the GLM procedure.

The curing agent treatments (T1, T2, T3, T4 and T5)
and storage days were analyzed as a fixed factor while
the replicate was considered as a random factor. Tukey
Multiple Comparison Tests were used to determine the
statistical significance among the means at a 5% signif-
icance level.
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3. Results and Discussion

3.1. pH values

Table 2 indicates the pH values of the sucuks during
the refrigerated storage for 90 days. As the refrigerated
storage progressed, the pH values of all samples de-
creased (P < 0.05). The lowest pH values of samples
were determined on days 75 and 90 (P < 0.05). It is
thought that this decrease in pH values during the refrig-
erated storage may be due to the activities of lactic acid
bacteria in the sucuks (Rubio et al., 2007). While the pH

value of the sucuks cured with spinach powder (T4) was
higher than the other groups during the storage period,
the pH values of the T5 group were the lowest (P <
0.05). The lower pH value (5.10+0.01) of Swiss chard
powder compared to other vegetable powders is thought
to may be the reason for this situation. These results are
in accordance with Shin et al. (2017) who describe that
the use of Swiss chard powder decreases the pH values
of pork patties. Similarly, red beet in meat emulsion
(Choi et al., 2017) and fermented red beet extracts in
frankfurters (Hwang et al., 2017) decreased the pH val-
ues of samples.

Table 2.
pH values, residual nitrate and nitrite contents of sucuks during refrigerated storage (Mean + standard error)
. Treatments

Analyses Storage periods (Day) T1 T T T2 T
0 5.25+0.0142 5.2240.0282 5.25+0.0042 5.25+0.0142 5.21+0.0282
15 5.23+0.0082 5.19+0.0182 5.23+0.0182 5.24+0.0042 5.20+0.0182
30 5.15+0.018° 5.13+0.018° 5.16+0.018° 5.23+0.0042 5.18+0.00820

pH 45 5.14+0.00¢0 5.14+0.01¢° 5.13+0.01¢0 5.23+0.0142 5.15+0.01820
60 5.13+0.028¢ 5.13+0.018° 5.13+0.008° 5.22+0.0142 5.12+0.038b¢
75 5.07+0.018¢ 5.11+0.01480 5.06+0.008¢ 5.17+0.00A° 5.05+0.028¢
90 5.06+0.008¢ 5.10+0.01480 5.06+0.018¢ 5.14+0.014° 5.03+0.00¢¢
0 23.34+0.55%2 1.51£1.12¢ 14.50+0.978 nd nd
15 22.22+0.48A2 nd nd nd nd
30 8.27+0.4540 nd nd nd nd

Residual nitrate (ppm) 45 8.19+0.514% nd nd nd nd
60 6.87+0.82A0¢ nd nd nd nd
75 4.44+1.154 nd nd nd nd
90 1.30+£0.51A4 nd nd nd nd
0 2.300.00¢ 2.850.0382 3.64+0.16%2 2.95+0.0652 3.08+0.1382
15 2.23+0.068 2.59+0.048 3.59+0.2442 2.49+0.078° 2.26+0.038°
30 2.49+0.078¢ 2.39+0.038Cke 3.25+0.0342b 2.49+0.068° 2.23+0.00%°

Residual nitrite (ppm) 45 2.43+0.138 2.36+0.008 3.02+0.1442b 2.33+0.038t¢ 2.23+0.008°
60 2.65+0.23 2.36+0.00% 2.88+0.13% 2.33+0.04% 2.22+0.00°
75 2.23+0.0078 2.20+0.10A8¢ 2.62+0.13A° 2.06+0.038¢ 2.10+0.078°
90 2.49+0.074 2.23+0.0678¢ 2.59+0.10A° 2.06+0.038¢ 2.10+0.078°

Within the same row, values with different uppercase superscript letters () indicate significant differences (P < 0.05).
Within the same column, values with different lowercase superscript letters (*€) indicate significant differences (P < 0.05).
T1: 100 ppm sodium nitrite (traditionally nitrite cured); T2: 100 ppm sodium nitrate; T3: dill powder 0.71%; T4: spinach powder 0.29%; T5: Swiss chard powder 0.26 %.

3.2. Lipid oxidation

Figure 1 shows the effects of different curing agents
and refrigerated storage on TBARS numbers of sucuks.
The curing with vegetable powders and refrigerated
storage significantly affected the TBARS numbers of
samples (P < 0.05). As expected, TBARS numbers in-
creased as the refrigerated storage process progressed (P
< 0.05) and the highest TBARS number were deter-
mined on day 90. The samples cured with spinach pow-
der had the lowest the TBARS numbers, while the group
of T3 had the highest lipid oxidation level compared to
the other groups (P < 0.05). This situation is probably
due to incomplete the reduction of nitrate to nitrite in the
group of T3 group. Similar findings have been reported
that Swiss chard powder inhibited lipid oxidation in the
pork patties (Shin et al., 2017).3.3. Residual nitrate and
nitrite contents of fermented sucuks

The residual nitrate and nitrite contents of sucuks are
given in Table 2. In the production of sucuks (sucuk bat-
ter), 100 ppm nitrate was added to T2 T3, T4 and T5
groups and 100 ppm nitrite was added to T1. In ready-

to-eat samples, in other words, at the beginning of the
refrigerated storage, the nitrate contents of T1, T2 and
T3 were determined as 23.34, 1.51 and 14.50 ppm, re-
spectively. Interestingly, although T1 cured with sodium
nitrite (no addition of nitrate), the highest nitrate content
was determined in this group on day 0 (P < 0.05). A pos-
sible explanation for this might be that nitrogen dioxide,
which is formed as a result of the reduction of nitrate or
nitrite, react with the water in the medium and it cause
nitrate formation again (Pegg and Shahidi, 2008; Se-
branek, 2009). Due to the completely reduction of ni-
trate in T4 and T5 groups, nitrate was not detected in
these groups during refrigerated storage. In T2 and T3,
nitrate was not detected on day 15 and after. In the T1
group, the nitrate amount decreased over time (P < 0.05)
and the nitrate content was determined as 1.30 ppm on
day 90. The results of the current study are consistent
with those of Riel et al. (2017) who determined that
Mortadella type sausages cured with sodium nitrite had
the higher nitrate contents than samples cured with veg-
etable extract.
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TBARS numbers of sucuks during refrigerated storage. T1: 100 ppm sodium nitrite (traditionally nitrite cured); T2: 100 ppm
sodium nitrate; T3: dill powder 0.71%; T4: spinach powder 0.29%; T5: Swiss chard powder 0.26%.

Curing with different vegetable powders and refrig-
erated storage significantly affected the residual nitrite
contents of sucuks (P < 0.05). As the refrigerated storage
progressed, nitrite contents of samples (except for T1)
were generally decreased (P < 0.05). T3 had the highest
nitrite content at the beginning of the storage while the
groups of T1 and T3 had higher nitrite contents than
other group on day 90 (P < 0.05). It is thought that as a
result of the reduction of nitrate in the group of T3 at the
beginning of storage, the nitrite content is higher than
the other groups (P < 0.05). The reason for the fluctua-
tions in the nitrite contents of the T1 group during the
refrigerated storage is the reduction of nitrate, which is
present in high amounts at the beginning of storage, to
nitrite over time. Curing with spinach and Swiss chard
powders (T4 and T5) had the lowest residual nitrite con-
tents on days 75 and 90 (P < 0.05). These observations
are in accordance with Sindelar (2014) and Riel et al.
(2017) who describe that residual nitrite contents are

Table 3.

lower in cured meat products with natural agents than in
synthetic nitrite cured samples.

3.4. Microbiological enumeration

Microbiological counts (log CFU/g) of sucuks dur-
ing refrigerated storage are given in Table 3. Curing with
different vegetable powders did not affect the TMAB,
LAB, yeast and mould and total coliform counts of sam-
ples compared to control groups (T1 and T2) (P > 0.05).
The refrigerated storage affected the TMAB and LAB
counts of the sucuks (P < 0.05). The differences between
the TMAB counts of samples were insignificant on days
0 and 45 (P > 0.05) while an increase was determined
after 45 days in all groups (P < 0.05). It is thought that
the progress of the storage period and the change of gas
concentrations in the modified atmosphere package over
time may be the reasons for the increase in the TMAB
counts of sucuks

Microbiological counts (Log CFU/g) of sucuks during refrigerated storage (Mean = standard error)

Microbiological analyses Storage periods Treatments
(Log CFU/g) (Day) T1 T2 T3 T4 T5
0 5.57+0.04° 5.52+0.04° 5.38+0.05° 5.51£0.11° 5.26+0.05¢
Total mesophilic aerobic bacteria 45 5.41£0.01° 5.50+0.01° 5.44+0.04° 5.44+0.03° 5.50+0.01°
90 8.03+0.012 8.07+0.09* 8.07+0.022 7.99+0.012 8.03+0.032
0 7.97+0.02° 7.73+0.09° 7.84+0.02° 7.96+0.05° 7.99+0.04°
Lactic acid bacteria 45 8.15+0.03% 7.97+0.03% 7.87+0.03° 7.90+0.15° 8.09+0.02°
90 8.17+0.002 7.97+0.02° 8.05+0.00? 8.06+0.02% 8.09+0.012
0 ndg ndg ndg ndg ndg
Yeast-mold 45 ndg ndg ndg ndg ndg
90 ndg ndg ndg ndg ndg
0 ndg ndg ndg ndg ndg
Total coliform 45 ndg ndg ndg ndg ndg
90 ndg ndg ndg ndg ndg

Within the same column, values with different lowercase superscript letters (*) indicate significant differences (P< 0.05) for each different

microbial criteria. ndg: No detectable growth

T1: 100 ppm sodium nitrite (traditionally nitrite cured); T2: 100 ppm sodium nitrate; T3: dill powder 0.71%; T4: spinach powder 0.29%; T5: Swiss chard powder

0.26%.
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It was determined that the LAB counts of sucuks in-
creased with the progress of the refrigerated storage and
the highest results were determined on the 90th day (P <
0.05). The yeast-mould and total coliform group bacteria
growth were not detected in the samples during the re-
frigerated storage. It has been reported that the metabo-
lites formed as a result of the activities of lactic acid bac-
teria and the decrease in pH play an important role in the
inhibition of coliform bacteria (de Oliveira Mendonca,
et. al., 2004).

On the other hand, it has been stated that nitrate/ni-
trite inhibits some microorganisms and pathogens that

Table 4.

cause deterioration in meat and meat products (Weiss et.
al., 2010). Similarly, Bagdatli and Kundakci (2016)
stated that there was no growth of coliform group bacte-
ria in sucuks.

3.5. Textural characteristics

Table 4 shows the textural characteristics of the
sucuks. Curing treatment affected the hardness, cohe-
siveness and chewiness values of samples (P < 0.05)
whereas the springiness and the adhesiveness were not
(P >0.05).

Textural properties of the sucuks during refrigerated storage (Mean =+ standard error)

Texture parameters Treatments

T1 T2 T3 T4 T5
Hardness (N) 148.70+0.49° 172.90+0.46° 184.30+0.314 181.50+0.238 183.80+0.144
Adhesiveness (N.s) 4.23+0.52 2.90+0.04 2.94+0.42 2.65+0.03 3.14+0.22
Cohesiveness 0.398+0.0148 0.40140.0048 0.385+0.008 0.397+0.0048 0.406+0.00*
Springiness 0.471+0.01 0.446+0.01 0.424+0.01 0.431+0.02 0.463+0.02
Chewiness (N) 27.93+0.758 30.97+0.3748 30.04+0.56"8 31.07+2.0348 34.64+1.294

Within the same row, values with different uppercase superscript letters (A°) indicate significant differences (P < 0.05).
T1: 100 ppm sodium nitrite (traditionally nitrite cured); T2: 100 ppm sodium nitrate; T3: dill powder 0.71%; T4: spinach powder 0.29%; T5: Swiss chard powder 0.26%.

Curing with vegetable powder increased the hard-
ness values of the samples and the highest values were
determined in T3 and T5 groups (P < 0.05). On the con-
trary, some studies indicated that the use of red beet
powder in emulsified pork sausage (Jin et. al., 2014),
the parsley extract powder in mortadella-type sausages
(Riel et al., 2017) and the beetroot powder in Turkish
fermented beef sausage (Sucu and Turp, 2018) did not
affect the textural properties of samples.

A possible explanation for this might be the differences
in the treatments (production conditions, addition level
of the additives, the form of additive etc.) and sausage
compositions (fat and water content) in different stud-
ies (Barbieri et. al., 2013). In addition, since the results
are directly related to the texture analyser used and the

Table 5.

device settings are not given in detail in the studies, it
may not be very accurate to compare the differences
between the studies (Riel et al., 2017).

3.6. Colour properties

The effects of different curing agents on L*, a* and
b* values of sucuks are presented in Table 5. Curing
treatment did not affect the L* values of samples (P >
0.05), except the day 60. The groups of T1 and T2 had
the highest L* values on day 60 (P < 0.05). In terms of
refrigerated storage, the lowest lightness values were de-
termined on day 0, and the L* value of the samples in-
creased with the progress of storage (P < 0.05).

Color characteristics of sucuks during refrigerated storage (Mean + standard error)

Analyses Storage periods (Day) T T2 T3 Treatments T2 TS
0 27.90+0.72° 25.5040.61° 25.88+0.29° 27.5640.10° 29.33+0.74°
L* 30 39.23+0.67% 40.14+0.312 38.09+0.19% 38.41+0.18% 38.64+0.432
60 40.25+0.72"% 39.91+0.70% 35.53+0.728° 38.250.08"82 39.18+0.76"82
90 40.09+0.44* 39.03+0.18° 38.93+0.70? 38.72+0.55° 39.03+0.04%
0 16.51+0.174 15.30+0.288 12.53+0.238 12.86+0.018 12.13+1.198
a* 30 14.22+0.024 12.15+0.038 10.90+0.288 11.16+0.248 12.06+0.9148
60 14.25+0.314 12.75+0.068 11.83+0.208 11.96+0.098 11.91+0.198
90 14.01+0.874 13.30+0.498 10.79+0.458 11.62+0.3978 12.47+0.25°8
0 9.99+0.18 7.85+0.04° 8.01+0.04° 7.50+0.35° 5.99+0.74
b* 30 10.27+0.24 8.16+0.06™ 8.57+0.31% 8.66+0.22% 8.26+0.73
60 11.26+0.91 9.04+0.17% 9.92+0.41% 9.82+0.00? 8.93+0.28
90 10.63+1.50 9.81+0.36° 9.26+0.21% 9.94+0.52° 8.33+0.70

Within the same row, values with different uppercase superscript letters (") indicate significant differences (P< 0.05). Within the same column, values
with different lowercase superscript letters (*°) indicate significant differences (P< 0.05). T1: 100 ppm sodium nitrite (traditionally nitrite cured); T2:
100 ppm sodium nitrate; T3: dill powder 0.71%; T4: spinach powder 0.29%; T5: Swiss chard powder 0.26%.

Similarly, Sucu and Turp (2018) reported that L*
values of the fermented beef sausages increased during
refrigerated storage (P < 0.05). Natural curing treatment
affected the redness values of samples (P < 0.05), but
the effect of storage was not significant (P > 0.05). The

highest a* values were determined in the group of T1
whereas T3 had the lowest. The curing with vegetable
powders decreased the a* values of the samples com-
pared to the control groups. It is thought that this is prob-
ably due to the lower a* values of the vegetablepowders.
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In agreement with our results, Ko et. al. (2017) indicated
that the use of young radish and vegetable powder
caused a decrease in sausages. Different curing agents
did not change the b* values of the sucuks, while pro-
gress of refrigerated storage increased the yellowness of
T2, T3 and T4. This result was in accordance with that
Sucu and Turp (2018) of who put forth that beetroot
powder did not change the b* values of fermented beef
sausages after day 0.
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This study was carried out to determine some morphological characteristics of
94 tomato genotypes at the S4 level and to reveal the relationships between these
materials. In the study, leaf attitude, leaf length, leaf width, number of flowers,
fruit color, fruit weight, fruit width, fruit length, the thickness of pericarp, fruit
shape, fruit diameter, number of locules, and total soluble solid content (TTSC)
were measured and observed in these genotypes. As a result of the phenotypic
assessment, the maximum fruit weight values of the genotypes were observed as
in G9 (317.59 g), G54 (310 g), G92 (292.85 g), G70 (287.01 g), and G110
(276.66 g); and the lowest fruit weight values were observed in G26 (18.302 g)
and G8 (14.48 g). Average fruit length, fruit width, pericarp thickness, and the
number of carpels were recorded (69.09 mm, 56.90 mm, 6.37 mm, and 4 carpels
respectively). Tomato genotypes were also investigated using Cluster and Prin-
cipal Component Analysis (PCA) method based on these measurements and ob-
servations. As a result of this analysis, five independent principal component
axes were obtained. While these axes represent 69.28% of the total variation, the
eigen values were ranged between 1.06 and 4.02. According to the PCA anal-
ysis results, genotypes G7, G81, G93, and G103 were prominent in terms of leaf
length, fruit width, fruit weight, and carpel number parameters. Based on TSSC
results, the G65 genotype was found to be the most prominent one, and the gen-
otypes G12 and G114 exhibit promising results for fruit color. A high degree
of morphological variation was detected among tomato genotypes.

1. Introduction

performance is required together with appropriate ecol-
ogy and appropriate techniques. This is only possible
with hybrid varieties having superior qualities and per-

Tomato is one of the most important vegetable spe-
cies with a high economic value which is a member of
the Solanum genus of the Solanaceae family (Jenkins,
1948; Peralta et al., 2008). Today about 180 million tons
of tomatoes are produced in an area of about 5 millions
ha in the world. Turkey is among the three biggest to-
mato producers in the world with a 12.5 million tons
production quantity (FAO, 2019). It also has an indis-
pensable position in many countries' kitchens with its
various usages. Tomato is a type of vegetable that is con-
sumed fresh as well as frozen canned, tomato paste,
ketchup, pickles, sauce, dried tomatoes, tomato juice,
puree, and chopped (Giinay, 2005). The high economic
value of tomatoes has made it the subject of many re-
searchers from cultivation to breeding. It is known that
there is a constantly changing market in tomato breeding
in Turkey and in the world. The main purpose of tomato
production is yield and quality. For this, high genetic

* Corresponding author email: necibe.kayak@gmail.com

formance. Factors such as yield, quality, durability, and
adaptability also provide advantages in hybrid varieties
(Kaloo, 1988). In breeding studies, it is important to
know the variation among the parental materials in the
studied gene pool in terms of hybrid performance
(Gozen, 2008; Keskin, 2014). The traditional markers
used to determine the relationships between plants are
morphological markers. Considering tomato's morpho-
logical characterizations; Major traits such as fruit
shape, fruit size, green ridge formation in fruit, or inten-
sity of fruit color are in the foreground (Altintas et al.,
2016; UPQV, 2013). Researchers carry out their studies
by making some modifications to the UPOV criteria for
their purposes (Kurt, 2019). The fact that the parameters
examined in morphological studies are under the influ-
ence of many factors and that the properties of the ob-
jects subject to observation are related to each other
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causes many variables to be encountered. To find a so-
lution to this problem, multivariate analysis methods
have been developed by examining more than one fea-
ture at the same time (Tahtali, 2005). In characterization
studies, the cluster and principal component analysis are
being done commonly using similarity and differences
(Karaagac and Balkaya, 2010).

Bhattarai et al. (2018), examined 21 plant and fruit
characteristics in 91 tomato genotypes. A collection of
123 genotypes, which are characteristiced of the main
fruit, has been evaluated over eighteen morphological
properties. Morphological traits were subjected to prin-
cipal component analysis and as a result of the analy-
sis,18 morphological traits explained 46% of the total
variation (Sacco et al., 2015). Singh and Aakansha
(2015), found that the average fruit weight of 24 tomato
genotypes was 47.16 to 112.50 g, fruit length was 30.8
to 60.6 mm, fruit width was 40.9 to 67.1 mm, the num-
ber of seed cavity in fruits varied from 2 to 11, and the
amount of TSSC (Total Soluble Solid Content) ranged
from 4.00 to 5.60% and they found that the differences
among the genotypes were significant at the 0.05 level
(Terzopoulos and Bebeli, 2010). In another study, a total
of 61 local genotypes collected from Eskisehir and
Bilecik locations were examined in terms of some mor-
phological and phenological traits. The first three prin-
cipal component vectors explained 62.8% of the total
variation in the Eskisehir region and 55.66% in the
Bilecik region (Sonmez et al., 2015). Kal et al. (2020)
stated that as a result of principal component analysis
with 77 cherry tomatoes, the total variance explained
16.8% in PC;, 12.6% in PC; and 10.2% in PC3.
Kiymaci (2021) examined the morphological character-
istics of 240 tomato lines and the results were subjected
to principal component analysis. Finally, in terms of 11
traits examined, the three components explained approx-
imately 48.39 of the studies, the first component ex-
plained 24.1% of the total variance. In the present study,
it was aimed to perform the morphological characteriza-
tion of 94 tomato half-way breeding material in the S4
level and to reveal the existing variability in detail with
multivariate analyzes.

2. Materials and Methods

In the experiment 94 tomato genotypes obtained as a
result of crosses made with genotypes showing superior
characteristics from a large genetic pool, were used by
Selko-Tarim company, which carries out Ar-Ge studies
on different vegetable species in Antalya. In the experi-
ment, the seeds were sown on February 10", 2020, and
on March 15", the five seedlings from each genotype
were planted in the greenhouse in Antalya Aksu at
(90x50)x50 cm intervals.

From seed sowing to greenhouse planting and har-
vesting, all cultural operations have been carried out reg-
ularly. The measurements and observations were taken
at appropriate times and this morphological measure-
ments and observations were given in Table 1 (UPQV,
2013).

In the experiment, yield and fruit measurements
taken from 94 tomato cultivar candidates were subjected
to principal components analysis (PCA) in the JIMP-14
computer package program. The distinctions between
genotypes were determined by examining the Score Plot
graph created in line with the components obtained be-
cause of the analysis.

Table 1
Measurements and observations made in tomato geno-
types (UPQV, 2013)

Value. ranges. measurement and ob-
servations
Semi-erect(3), horizontal(5), semi-

dropping(7)

Features

Leaf attitude

Leaf length Short(3), Medium(5), Long(7)
Leaf width Short(3), Medium(5), Long(7)
Flower number of
cluster 3-5(3), 6-10(5), more than 10 (7)

. Light Pink(1), Pink(3), Light Red(5),
Fruit color Red(7), Dark Red(9)
Fruit weight ( g)

Fruit width (mm)
Fruit length (mm)
Thickness of peri-
carp fruit shape

Slight Flattened(1), Round(3). Flat-
tened(5), Vertical(7), Heart-shaped(9)

Slight Flattened(1), Round(3), Flat-
Fruit diameter tened(5),

Vertical(7), Nonround(9)

Fruit shape

Number of locules
Total soluble solid
content (TTSC)

3. Results and Discussion

The measurements and observations made on 94 to-
mato genotypes at S4 level and the leaf and fruit results
in these parameters are given below.

Leaf Traits: As a result of the evaluations it was de-
termined that 43.6% of the genotypes were semi-droop-
ing, 47.8% of the were horizontal and 8.5% of them
were semi-erect in terms of leaf position. Leaf length
values of the genotypes were determined as 19.1% short,
20.2% medium, and 61.70% long; in terms of leaf width,
32.9% of the genotypes had narrow leaves, 41.4% of
them had medium leaves, and 26.5% of them had wide
leaves. Although these different values are thought to be
related to genetic diversity, ecological conditions and
cultural practices are considered to be the partly affect-
ing factors. Many studies have found different values in
terms of leaf properties in tomatoes; Terzopoulos and
Bebeli (2010) reported that 60% of the tomato geno-
types had semi-erect leaves; Salim et al. (2020) observed
63.6% horizontal, 27.2% semi-upright and 13.6% semi-
drooping leaves; Cukadar and Dursun (2012) deter-
mined 12.5% short, 50% medium and 43.7% long leaves
and 8.3% narrow, 22.9% medium and 68.7% wide
leaves.

Fruit Characteristics: The maturity time of the
fruits was determined as 55.3% medium, 10.6% late,
and 34.0% early. In the genotypes evaluated, the color
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of the fruit was 1.06% light pink, 39.36% pink, 22.3%
light red, 35.1% red and 2.1% dark red. When fruit color
is evaluated in different studies; Bhattarai et al. (2018)
reported 89.5% red, 5.8% pink, and 4.7% yellow fruit
color in tomato genotypes; Jin et al. (2019), observed
57.72% red, and 36.42% pink color; Cukadar and Dur-
sun (2012) determined 2.08% pink, 97.92% red color;
Mutlu et al. (2007) stated 1.12% yellow, 50.28% orange,
5.58% pink and 43.02% red color; Altintas et al. (2016)
reported 1.6% orange, 25% pink, 73.4% red color. To-
mato is a rich species for color diversity. On the other
hand, easy hybridization with wild tomato species in-
creases this color variance (Ayyildiz, 2017). In this con-
text, different reports are seen in different literature.

Fruit shape and area are important both for the con-
sumer and for transportation. In the present study, it was
determined that there was a wide variation in fruit shape
and area. When in longitudinal section of fruit shape was
examined, the genotypes were classified slightly flat-
tened as 37.2% round as 36.1%, flattened as 19.1%, ver-
tical as 2.1%. and heart-shaped as 5.3%. When the fruit
cross-section is examined; the genotypes were classified
slightly flattened and flattened as 3.1%, rounded as
61.7%, not round as 31.9%. It has been determined that
the number of flowers in the cluster is mostly from three
to five. Salim et al. (2020) determined that the fruit
shape was found 50% round, 9.10% heart, 31.82% flat,
4.54% elliptical and cylindrical in their tomato breeding
lines. In another characterization study, Bota et al.
(2014) reported that 50% of the tomato fruit shape was
flat. 31% was round, and 19% was others in 171 local
tomato genotypes. Bhattarai et al. (2018) reported that
the tomato fruit shape was 60% flat, 6% slightly flat-
tened, 1% very round, 8% round, 4% heart-shaped and
21% cylindrical. In the study of Keskin (2014), 11 of the
parental tomatoes were round and 6 were not round,
while in the hybrids 97 of them were not round, 39 of
them were round. Ayyildiz (2017) determined that fruit
cross-sectional shape od tomatoes was 80.55% round
and 19.44% angular in 36 genotypes. In the study of
Cukadar and Dursun (2012), the tomatoes fruit cross-
section was determined as 77.08% round, 8.33% angu-
lar, 14.59% irregular. Since fruit shape trait is not af-
fected by abiotic and biotic stress conditions, these dif-
ferent results are thought to be caused by the geneticially
inherited variability among the genotypes.

The genotypes having the maximum fruit weight
were determined as G9 (317.59 g), G54 (310 g), G92
(292.85 g), G70 (287.01 g), and G110 (276.66 g), while
the genotypes having the lowest fruit weight were G26
(18.302 g), and G8 (14. 48 g). Oguz (2010) found that
the fruit weight values of 10 genotypes were 30 grams
or less, 29 genotypes ranged from 30 to 100 grams, and
47 genotypes varied from 100 to 300 grams.

Ayyildiz (2017) determined the average fruit size as
30-100 g in 17 genotypes, 100-200 g in 8 genotypes, and
200-350 g in 11 genotypes. Our different findings from
previously published results related to the fruit weight
do not mean negative consequences. Because it is natu-
ral that there are differences in the genetic sources of

genotypes. It is also thought that these differences may
be caused by differences such as cultivation conditions,
variety and climate conditions.

Average fruit length, fruit width and pericarp thick-
ness were measured as 69.09 mm, 56.90 mm and 6.37
mm, respectively. The number of carpels between gen-
otypes varies. The average number of carpels was found
in 4. Salim et al. (2020) reported that fruit length and
diameter varied from 3.91 to 6.57 cm and from 3.63 to
8.15 cm, respectively, among the genotypes in their to-
mato characterization study. Kouam et al. (2018) and
Yesmin et al. (2014) found those values as from 3.74 to
5.34 and from 3.64 to 5.71, respectively in their tomato
characterization studies. In Figas et al. (2014) tomato
characterization study; they foud fruit weight as 2.7-
511.6 g, fruit length as 1.88- 9.57 cm, fruit width as
2.15-11.40 cm, number of carpels as 2.00-18.33 and
yield per plant as 292-2.851 ¢g. Ayyildiz (2017) deter-
mined that 55.55% of the genotypes had usually 2 and
sometimes 3 carpels, 41.66% of the genotypes had gen-
erally more than 4 carpels, and 2.77% of the genotypes
had generally 3 carpels in the S6 level. Keskin (2014)
observed in his research that the number of carpel
ranged from 2 to 9. In the study of Keskin (2014), the
wide range of carpels in tomato is proof that the number
of carpels exhibits great variation within genotypes. The
TTSC values in tomatoes is 5% on average, and can
reach up to 6.5% at most. In the present study, the aver-
age TTSC in fruit was measured as 4.3%. Kavitha et al.
(2014) determined that the TSSC values ranged from
3.5% to 14.5% in 54 tomato genotypes. In another study,
Kathayat et al. (2015) reported that the TSSC values var-
ied from 3.25% to 6.32%.

Principal Components Analysis: The principal
component (PC) axes, eigenvalues, variation, and cumu-
lative variation ratios were obtained as a result of Prin-
cipal Component Analysis (PCA) and factor coefficients
indicated the weight values of principal components
based on features are presented in detail in Table 2. It
has been stated that PCA analysis can be used effec-
tively when the first two components explain more than
25% of the variation in the studies. (Mohammadi and
Prasanna. 2003; Seymen et al.. 2019). As a result of the
PCA analysis, five independent principal component
axes were extracted concerning the 13 morphological
characters. These axes represent 69.28% of the total
variation. The eigen values of the first 5 basic
components were found from 1.06 to 4.02. The
eigenvalue 1 or greater means that the weight values of
the principal component are reliable (Mohammadi and
Prasanna, 2003). Ozdamar (2004) reported that for
factor coefficients to be reliable in principal component
analysis, principal component axes should explain 2/3 of
the total variation. When the analysis results are
examined, it is seen that 2/3 of the total variation is more
than explained by the first six principal component axes
(69.28%). Therefore, these axes were taken into account
in the evaluation of the analysis (Table 2). The first
principal component axis accounts for 30.97 % of the
total variation. The second and third principal
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components cover 11.31% and 10.31% of the total
variation, respectively. In other studies on tomato, 71%
(Bernousi et al., 2011), 71.6% (Henareh et al., 2015),
74.63% (Bhattarai et al., 2016), 78.54% (Zhou et al.,
2015) observation accounted for the total variation.

Table 2
Eigen value, variation and principal component axes of
the properties examined as a result of principal compo-
nent analysis
Eigenvalue 40.26 14703 13411 11.058  10.637
Variance% 3097 1131  10.316 8506  8.182

Total vari- 30.97 42.28 52.596 61.103 69.285
ance %

Traits Prinl  Prin2 Prin3 Prin4 Prin5

Leaf atti- 0049 0597 -0.014 039  -0.164

tude

Leaflength 0309 0163 0322  -0.358  -0.204

Leafwidth 0277 0016 0301  -0.504 -0.211

Flower -033 0070 0466 0153  0.085

number of

cluster

Fruit color -0.16 0.173 0.157 -0.291 0.723

Fruitweight 0395 0057 0105 0205  0.278

Fruitwidth 0425  -0.040 0021 0123 0212

Fruitlength 0388 -0.251  -0.029 0215  0.034

Thickness ~ 0.106  -0.491 0243  -0.048  -0.053

of pericarp

Fruit Shape  -0.08  -0.103 0622 0422  -0.198

Fruitdiame- 0.128  0.494 0089  -0.168 -0.178

ter

Number of 0.332  0.125 0.116 0.170 0.354

locules

TTSC -023 0011 0284  -0.093  0.180

Evgenidis et al. (2011), evaluated three hybrid and

four standard tomato cultivars and their morphological
characteristics by using cluster and principal component
analyses; these cultivars explained 49.15% of the total
variance in PC1, in PC2 and PC3 29.63% and 21.23%,
respectively; and the hybrid cultivars strongly explained
62.93% of the total variance and 49.15% of the total var-
iance in PC1 associated with yield-related traits such as
yield components and yield stability. In another study;
the principal component analysis was performed in 71
tomato genotypes, 5 independent principal component
axes were obtained regarding the properties examined;
and the researchers stated that these axes explained more
than 92% of the total variation. Based on this analysis, it
is reported that certain fruit characteristics may be im-
portant for breeding programs according to consumer
demands (Krishna et al., 2016). In a study of tomato
breeding lines, they obtained six independent principal
component axes for 17 identification traits. They re-
ported that these axes explained 63.35% of the total var-
iation (Jin et al., 2019), Kal et al. (2020) worked with 77
cherry tomatoes, they reported that the total variance ex-
plained 16.8% in PC1, 12.6% in PC2, and 10.2% in PC3.
Using PC1 and PC2 components, a loading plot was cre-
ated to examine the interrelationship among the traits. It
has been reported that if the angle between the vectors
in the figure is <90°, there is a positive relationship, if it
is >90°, there is a negative relationship, and if the angle
between the vectors is 90°, there is no significant rela-
tionship (Danin-Poleg and Reis, 2001; Seymen et al.,

2019). When the figure 3 is examined, the highest cor-
relation was found between leaf length, fruit width, fruit
weight, and carpel number. On the other hand, the high-
est negative correlation was found between leaf attitude
and thickness of pericarp.

Figure 3

Loading plot graph obtained from PC1 and PC2 as a re-
sult of PCA
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A score plot was created for the evaluation of 94 to-
mato lines using PC1 and PC2 components (Figure 4).
A score plot was created to evaluate 94 tomato geno-
types using PC1 and PC2 components (Figure 4). When
the Figure 4 is examined, the genotypes G7, G81, G93
and G103 emerged as the genotypes revealing the best
performance associated with leaf length, fruit width,
fruit weight, carpel number parameters, which were im-
portant in PC1. G65 genotype was found to be signifi-
cant in terms of the TSSC parameter, while G12 and
G114 genotypes were found to be significant in terms of
fruit color parameters.

Figure 4
Score plot graph obtained from PCA result PC1 and PC2
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4. Conclusion

The morphological and agronomic properties of the
94 tomato genotypes in the S4 stage have been evaluated
and the relations between these characteristics have been
interpreted in this study. As a result of the study, it was
revealed that there are some differences in the morpho-
logical features obtained from plants and fruits. As a re-
sult of the evaluations, the genotypes having the highest
fruit weight were G9 (317.59 g), G54 (310 g), G92
(292.85g), G70 (287.01 g) and G110 (276.66 g), respec-
tively; while the genotypes having the lowest fruit
weight were G26 (18.302 g) and G8 (14.48 g), respec-
tively. Average fruit length, fruit width and pericarp
thickness, number of carpels were measured as 69.09
mm, 56.90 mm, 6.37 mm and 4 carpels, respectively.
Tomato genotypes were investigated using Cluster and
Principal Component Analysis (PCA) method based on
these measurements and observations. As a result of the
analysis, 5 independent principal component axes were
obtained. While these axes represent 66.53% of the total
variation, the eigen values were ranged from 1.02 to
3.73. According to the PCA analysis results, genotypes
G7, G81, G93 and G103 were prominent in terms of leaf
length, fruit width, fruit weight and carpel number pa-
rameters, respectively. When the TTSC parameter was
examined, the G65 genotype came to the fore; and the
G12 and G114 genotypes gave the best results in terms
of fruit color. Morphological variability was determined
to be high among the studied tomato genotypes.
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7. Appendices

Table 3
Leaf and fruit characteristics of tomato genotypes

Flower Flower

Genotip Leaf at- Leaf Leaf of clus- Fruit Fruit ~ Genotip Leaf at- Leaf Leaf of clus- Fruit Fruit
ad1 titude width length ter maturity  color adi titude width length ter maturity  color
Gl 7 3 3 3 5 3 G66 3 7 7 3 7 5
G2 7 3 3 3 5 3 G67 7 3 7 3 7 3
G3 5 3 5 3 5 7 G69 5 3 5 3 7 3
G4 5 3 3 3 5 3 G70 7 7 7 3 3 3
G5 3 3 3 3 3 7 G72 5 7 7 3 3 3
G6 5 3 7 3 5 3 G74 3 7 7 3 3 5
G7 5 5 5 3 5 3 G76 7 3 7 3 5 5
G8 5 3 3 7 3 9 G77 7 7 7 3 3 3
G9 5 7 7 3 3 7 G79 7 3 3 7 3 7
G12 5 3 3 3 3 7 G80 7 3 7 3 7 7
G14 7 5 7 3 3 5 G81 5 7 7 3 5 3
G15 7 7 7 3 5 3 G82 5 3 3 3 3 7
G19 7 5 7 3 5 5 G83 5 7 7 3 7 7
G20 7 5 5 3 5 3 G84 5 7 7 5 5 3
G21 7 3 3 5 5 3 G85 7 5 5 3 5 7
G22 5 5 7 3 5 3 G87 5 5 7 3 3 3
G23 7 5 5 3 5 5 G88 5 5 7 3 5 3
G24 5 3 3 3 5 5 G90 7 7 7 3 5 1
G25 7 5 7 3 3 5 Ga1 5 5 5 3 3 7
G26 5 3 3 7 3 7 G92 7 3 7 3 3 5
G27 7 7 7 3 5 3 G93 5 7 7 3 5 3
G28 7 5 7 3 7 3 G4 5 5 5 3 3 5
G29 5 5 7 3 3 7 G95 5 5 7 3 5 3
G30 3 5 7 3 3 7 G97 5 7 7 3 5 7
G32 7 3 7 3 5 3 G98 5 5 7 3 3 7
G33 5 5 5 3 5 7 G99 5 7 7 3 5 7
G34 5 5 7 3 5 5 G100 5 7 7 3 3 7
G35 7 5 7 3 5 5 G101 5 7 7 3 5 7
G36 5 3 3 3 3 7 G102 7 7 7 3 3 3
G40 5 5 5 3 5 7 G103 7 7 7 3 5 3
G42 5 5 5 3 5 3 G104 7 7 7 3 5 5
G46 7 3 7 5 5 7 G105 7 3 7 5 5 5
G50 5 7 7 3 3 3 G106 5 5 5 3 3 3
G51 7 5 5 3 3 3 G107 5 5 7 5 7 7
G52 5 5 7 3 3 3 G108 7 5 7 3 5 5
G53 7 5 5 3 5 7 G109 3 7 7 3 3 3
G54 3 5 7 3 5 7 G110 7 3 7 3 5 7
G55 7 5 5 3 5 7 Gl11 5 5 5 3 3 7
G56 5 3 7 3 5 3 G112 7 5 5 3 3 7
G57 5 3 3 3 5 3 G113 5 5 7 5 5 5
G58 3 5 7 3 5 7 Gl14 5 3 3 3 7 5
G59 7 5 5 3 3 7 G115 5 3 7 3 3 5
G60 5 3 3 3 5 3 G117 7 3 3 7 3 9
G62 5 3 3 3 5 5 G119 7 5 7 3 5 7
G63 7 5 7 3 5 7 G120 7 5 5 3 3 3
G64 7 7 7 3 5 7 G122 7 7 7 3 5 7
G65 3 3 3 3 5 5 G124 7 5 7 3 5 5

Table 4

Fruit characteristics in tomato genotypes

Fruit Weight - Fruit Legth Thickness Of Fruit Longitudinal Fruit Cross Number Of Lo-
Genotype Name (gr) ’ Fruit Width (mm) (mm)g Pericarp (mm) Sect?on Section cules TTS¢

Gl 197.29 76.8+4.32 60.5+4.02 4.7+0.30 1 3 5 41
G2 227 77.4£1.69 64.3+1.17 6.9+0.03 3 3 5 4.2
G3 152.02 65.3+0.08 50.0+2.11 5.6£0.29 1 3 5 6.3
G4 181.96 68.1+2.86 62.6+0.76 5.5+0.24 3 3 4 3.6
G5 109.8 54.7+1.52 50.0+1.71 6.4+0.60 3 3 2 4
G6 134.28 61.4+2.11 57.6+4.08 4.240.71 3 5 4 5.81
G7 282.25 81.3£11.62 62.3£6.20 5.4+1.08 5 9 7 4.1
G8 14.49 27.8+1.93 25.7+1.27 3.0£0.26 7 3 2 7
G9 317.6 77.6+5.69 64.1£0.45 6.7+0.76 5 3 6 4.2
G12 168.71 65.9+3.61 53.8+2.20 4.8+0.47 1 9 4 5.5
Gl4 182.22 70.0+7.04 52.143.20 6.6+1.99 5 9 6 5.1
G15 140.99 63.2£5.32 58.3+2.91 5.2+1.35 3 9 4 2.7
G19 139.18 64.9+4.83 63.5+2.29 5.5£0.21 3 3 4 4.9
G20 172.99 63.4+3.71 57.1+4.6 5.6+0.56 1 3 5 4.2
G21 145.28 70.6+4.30 61.2+1.02 5.5¢1.57 3 3 3 5.9



G22
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G24
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G26
G27
G28
G29
G30
G32
G33
G34
G35
G36
40-1
42-1
46-1
G50
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G52
G53
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G55
G56
G57
G58
G59
G60
G62
G63
G64
G65
G66
G67
G69
G70
G72
G74
G76
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G79
G80
G81
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G83
G84
G85
G87
G88
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Go1
G92
G93
G94
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G100
G101
G102
G103
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G108
G109
G110
G111
G112
G113
G114
G115
G117
G119
G120
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G124

168.03
177.97
154.13
297
18.3
161.5
279
78.31
104.71
166.3
214.79
1115
248.73
118.58
204.46
255
197
106.34
94.18
150.74
200
310
187.25
204.73
138.5
110.62
81.85
136.91
128.33
167.79
246
90.45
158.46
105.76
243.3
287.01
186.57
162.26
190.76
167.75
86.33
128.4
232.75
136.46
259.69
188.83
264.74
176.89
232.27
195.11
184.5
292.86
219.81
214.94
165.83
206.29
258.26
186.72
27431
144.94
213.22
276.75
226.83
176
96.8
196
174
219
276.67
242
261.67
227.67
158
156.75
22.44
264
152.75
159.67
214.5
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71.60+2.99
66.42+10.23
60.4+
75.95+2.41
57.1+0.81
65.5+8.05
65.3+1.97
65.0+3.09
71.8+3.25
72.7+£3.90
70.6+0.33
72.2+7.73
70.6+3.27
69.3+5.27
74.9+5.04
74.1+
64.8+0.68
55.2+6.53
55.9+4.83
63.0+2.29
70.5+4.92
79.6+5.70
71.9+0.63
71.3+£6.90
63.7+3.07
63.7+7.14
56.1+3.89
63.9+13.49
62.4+7.84
71.6+71.56
71.1«
52.6+1.20
68.8+5.16
59.1+1.21
88.1+
77.4+
69.7+4.45
65.2+4.97
69.6+7.36
71.9+3.20
51.3+0.72
69.6+3.10
77.2+6.76
62.4+4.26
85.0+0.17
73.4+2.49
57.6+2.22
67.7+4.15
77.7£7.27
78.6+10.20
71.0£5.40
70.9+17.47
88.2+8.70
76.2+2.60
75.7+11.53
74.9+2.04
83.4+7.29
69.7+3.32
86.0+3.26
70.5+2.84
72.94+4.00
86.0+
68.7+8.72
62.5+3.44
56.0+4.90
72.9+11.68
74.1£9.50
70.2+
78.6+0.40
76.5+2.35
79.2+3.25
78.7+4.34
66.2+
67.1+6.85
31.8+1.70
87.5+1.09
63.0+0.42
80.8+
72.6+3.17

63.9+1.71
63.1+6.02
56.6+
51.5+1.39
51.9+0.91
55.242.71
55.442.41
50.3+3.57
53.9+1.31
55.0+2.76
54.0+1.76
58.0+6.03
57.0£0.14
56.8+3.71
58.5+1.19
64.3+
52.6+0.51
47.8+0.19
50.0+3.53
52.3+2.39
55.2+1.52
62.6+3.46
56.2+3.23
63.8+2.99
55.3+1.48
55.9+3.26
49.8+2.06
51.2+4.67
49.6+4.89
60.0+1.47
59.5+
47.5+1.22
56.7+1.40
51.243.00
65.2+
70.1+
58.6+3.22
55.1+5.02
61.9+2.98
50.9+2.00
43.1+1.51
53.243.01
56.7+4.87
53.243.01
61.6+2.95
56.3+4.37
41.8+4.06
62.7+3.34
64.0+1.39
52.0+1.53
58.9+1.14
58.1+8.31
77.1£3.26
64.4+4.73
60.8+2.17
60.1£2.92
56.9+5.43
55.2+0.49
60.2+1.55
52.442.93
55.4+2.29
64.3+
56.0+1.57
60.7+2.64
47.0+4.57
57.2+0.31
58.7+0.81
56.42+
53.9+0.57
68.7+2.42
63.4+1.77
63.7+2.58
58.4+
59.1+4.93
34.8+2.02
58.9+4.6
57.1+2.49
65.7+
59.7+2.02

5.4+1.13
5.3+0.27
6.4+
4.0+0.02
4.8+0.50
5.0+0.43
5.1£2.03
4.5+1.54
4.6+0.24
4.84+0.30
4.840.22
5.8+0.28
6.3+1.18
6.3+0.79
5.9+0.29
6.5+
5.7+0.62
6.3+0.14
5.2+0.26
5.8+£1.24
5.9+0.55
5.6+£1.42
8.1+1.17
6.840.55
6.6£1.57
6.2+1.12
5.2+0.25
5.6+0.46
4.5+0.98
4.6+0.40
6.4+
7.0+0.34
7.1£1.14
6.2+0.08
4.8+
6.7+
5.5+0.46
5.8+1.23
6.3+0.65
4.2+0.84
5.1+0.38
5.2+1.00
5.7+1.09
5.3+1.48
5.3+0.65
5.3+0.47
6.2+0.29
5.4x1.16
5.8+0.57
4.240.79
6.8+0.86
7.1£0.82
6.0+0.29
6.4+1.08
5.1+0.74
5.0+0.43
3.8+0.58
6.8+0.17
8.0+0.59
6.1+0.99
3.6+0.45
6.3+
6.1£0.96
7.5+0.14
4.84+0.30
6.8+0.19
3.94+0.56
70.2+
4.8+0.48
7.3+£2.57
5.8+0.42
5.4+0.39
5.6+
7.1£0.39
3.8+0.58
9.2+0.07
5.6+£0.47
6.0+
6.7+0.09
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The aim of this study was to determine the effects of the dried peach leaves
powders with different methods on pH and Thiobarbituric acid reactive substan-
ces (TBARS) values, cooking, textural and sensory properties of beef patties.
Samples were divided into six treatment groups; control (without peach leaf
powder/ Butylhydroxytoluene (BHT)), patties with BHT (0.01%), patties con-
taining peach leaf powders (PLP) dried in air (AP) (%1) and in microwave oven
(MwP) in three different concentrations (0.5%, 1%, 2%). Sample were stored at
+4 °C for 7 days. The pH of raw beef patties containing various levels of PLPs
decreased slightly (P<0.01). The MwP addition significantly decreased (P
<0.01) the TBARS value compared to the without peach leaf powder. At the end
of the storage period, the TBARS value of the control group was 4.14 mg

MDAV/kg, while the TBARS value of MwP3 was 0.67 mg MDA/Kg.

1. Introduction

Meat products can be spoiled in two different ways
with chemical and microbiological deterioration. The
most common chemical degradation in meat products is
oxidative rancidity (Kanner 1994). The occurrence of
oxidation in meat fat causes quality to deteriorate in
meat products, resulting in reduced shelf life and chan-
ging in meat quality properties (Fernandez et al. 1997).
Owing to their high contents of protein, fat and free
water and large surface area (Tamkuté et al. 2021), beef
patties are prone to oxidative deterioration.

Using antioxidants in meat and meat products have
inhibited or reduced the lipid oxidation. There are many
compounds with antioxidant effects, but only a few can
be used in food products. The antioxidants may be of
synthetic origin and /or of natural origin (Powell et al.
1986). However, since synthetic antioxidants cause
toxic effects, the idea of natural antioxidants has increa-
sed (Shah et al. 2014). For this reason, studies related to
identifying new antioxidants from plant sources because
of the high content of phenolic compounds is carried out
and provide alternative to currently used conventional
antioxidants (Karre et al. 2013). Natural sources of anti-
oxidants may be classified as plant and spice-derived an-
tioxidants, fruit and vegetable-derived antioxidants, and
others (Rather et al. 2016).

Peach (Prunus persica L.) is a garden plant belon-
ging to the family Rosaceae, grown for its fruits (Gur

! Corresponding author e-mail: alimeyaldiz@gmail.com

2011). Besides the nutritional and pharmacological va-
lue of peach fruits, peach leaf is traditionally used as se-
dative and laxative. It is also reported that peach leaves
contain some phenolic compounds such as flavonols,
hydroxycinnamates, caffeic acid, quercetin, isoquerce-
tin, cynic acid, tannin, kaempferol, pruzic acid and urso-
lic acid (Upyr & Komissarenko 2002, Mokrani et al.
2019). Peach leaves have also antibacterial effect aga-
inst to many pathogens, such as Staphylococcus aureus,
Escherichia coli, Bacillus subtilis, Listeria monocytoge-
nes. (Ozpmar et al. 2013).

Drying is one of the most important technique and
different drying methods such as freeze, microwave, va-
cuum has been commonly practiced in food technology.
Nowadays, hybrid drying techniques have been used to
combined with different non thermal methods, air
drying method is still preferred due to its low cost and
wide applicability (Srikanth et al. 2018).

However, microwave drying can be an advantageous
method for food technology. This method promotes
short drying time and enhances quality (Carvalho et al.
2021). This study was aimed to determine the influence
of beef patties with peach leaf powders dried in air (AP)
(%2) in microwave oven (MwP) on the lipid oxidation,
color stability, cooking and sensory properties.

2. Materials and Methods

Materials
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Peach leaves (Prunus persica L.) were taken from a
farmer (Konya, Turkey). The leaves were washed with
distilled water and dried with two drying methods. In air
drying procedure, the peach leaves were dried on filter
papers at 23 °C approximately 7 days. Natural current of
air was used for drying the leaves (Mbah et al, 2012).
Second method was microwave process which were car-
ried out in 650 W output power and 210-270 s power
density (Alibag 2012; Yaldiz Cabi and Sarigoban, 2019).
To make powder, dried peach leaves were separately
passed through a blender (Waring Commercial Blen-
dor® USA) for 45 s. Then, all peach leaf powders were
placed in separate opaque glass containers and stored at
+4 °C until use.

Preparation of patty

Fresh beef was obtained from a local market at 48 h
post-mortem. All subcutaneous and connective tissue
were removed from the meat. The meat and fat were
minced through a 3 mm plate grinder and mixed with
salt 1%). Peach leaf powders (PLPSs) dried in microwave
oven were added at 0%, 0.5%, 1%, 2% (Control, MwP1,
MwP2, MwP3, respectively) and ground peach leaves
dried in air (AP) at 1%. As the positive control group,
the synthetic antioxidant Butylhydroxytoluene (BHT)
was used at a rate of 0.01%. All ingredients were mixed
as seperataly, shaped into approximately 4 cm diameters
and 1.5 cm thick with a weight of 17-18 g. The patties
were placed on plastic container and stored at 4+0.5 °C.
The analyses were carried outon 1., 3., 5. and 7. days of
storage. Sensory and , texture analysis and cooking pro-
perties were performed on the 3™ day.

pH value

pH values were measured by a pH meter (pH
3110/SET WTW, Germany). pH value was measured
three times for each sample (Ockerman 1985).

Phenolic compounds in AP and MwP

The individual phenolic compounds in AP and MwP
samples were detected using Shimadzu-HPLC (Shi-
madzu Corporation, Kyoto, Japan) equipped witha PDA
detector (set at 280 and 330 nm). In brief, 20 pl of samp-
les and authentic external standards of phenolic compo-
unds were separately injected into the column. The in-
jection volume was 20 pl and the flow rate of the mobile
phase was 1 ml/min at 30 °C. The total run time per
sample was 60 min. A mixture of mobile phase was con-
sisted of 0.05% acetic acid in water (A) and acetonitrile
(B). The gradient programme was employed: 0-0.10
min 8% B; 0.10-2 min 10% B; 2-27 min 30% B; 27-37
min 56% B; 37-37.10 min 8% B; 37.10-45 min 8% B.
The chromatograms were recorded at 280 nm. The stan-
dard external method was used for the quantitative
analysis (Babiker et al. 2021).

Determination of cooking yields and dimensional shrin-
kage
Cooking yields and dimensional shrinkage were de-

termined according to the method specified by Jones et
al. (1992) and Murphy et al. (1975) as in the following:

weight of cooked patties

; ; o) —
cooking yield (%) weight of raw patties
(RT —CT)+ (RD — CD)
0, =
DS (%) RT+RD X100

DS : Dimensional shrinkage

RT : Raw thinckness

RD : Raw diameter

CT : Cooked thickness

CD : Cooked diameter

Thiobarbituric acid reactive substances (TBARS) value

The oxidative rancidity of the samples was measured
as thiobarbituric acid reactive substances (TBARS) ac-
cording to Tarladgis et al. (1960). The results were read
in a Spectrophotometer (UV- 160 A, UV- Visible Re-
corder) and calculated as mg malondialdehyde/kg pat-
ties.

Texture profile analysis (TPA)

Patties were shaped into (36 mm diameter, 13 mm he-
ight, 20 g weight). The textural properties (chewiness,
hardness, cohesiveness, adhesiveness and springiness)
the samples were measured by using a texture analyser
with 50 kg load cell and 36 mm diameter probe (Stable
Micro Systems TA.HD Plus, TA, Stable Microsystems
Godalming, Surrey, UK) (Palamutoglu and Sarigoban,
2016).

Sensory properties

The samples were evaluated for colour, odour, flavour
and taste, texture, appearance, and general acceptability.
The patties were cooked in a pre-heated grill for 6 min
each side (to give an internal temperature of 72 + 2 °C),
then cooled to 30£1 °C and served to the panellist on a
white plate. Samples were tasted in one session per day
and by 10 people per session. Samples were served ran-
domly to the panellists. All semi-trained panellists were
between 20 and 30 years old. Panellists evaluated the
sensory analyze using a 9-point hedonic scale (1 = dis-
like extremely, 9 = like extremely) (Yildiz Turp & Ser-
daroglu 2010).

Statistical analysis

Each parameter was performed two replication and the
measures were performed in triplicate. One-way analy-
sis of variance was performed for all variables, using the
MINITAB for Windows Release 18. Tukey Multiple
Comparison Tests were used to determine the differen-
ces among the means at a 5% significance level. The re-
sults were presented as the mean values + standard error.

3. Results and Discussion

Phenolic compounds of peach leaves

The phenolic compounds of AP and MwP are given in
Table 1. (+)-Catechin (2.84 mg/100 g), 1,2-Dihydroxy-
benzene (1.35 mg/100 g), Quercetin (1.02 mg/100 g)
were the most abundant phenolics found in AP.(+)-Ca-
techin (2.42 mg/100 g), 3,4-Dihydroxybenzoic Acid
(2.06 mg/100 g), Gallic Acid (1.04 mg/100 g) were the
major phenolic compounds found in MwP.
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Table 1
Phenolic compounds of peach leaves dried in the air and
in the microwave oven

Phenolic compounds Concentration (mg/100 g)

AP MwP
Gallic Acid 0.48+0.11 1.04+0.22
3,4-Dihydroxybenzoic Acid ~ 0.73+0.06  2.06+1.02
(+)-Catechin 2.84+£0.76  2.42+0.73
1,2-Dihydroxybenzene 135+0.89  1.06+0.39
Syringic Acid 0.40+0.14  0.55+0.27
Caffeic Acid 0.22+0.09  0.530.18
Rutin trihydrate 0.19£0.08  0.70+0.27
p-Coumaric Acid 0.22+0.14  0.50%0.13
trans-Ferulic Acid 0.58£0.13  0.07+0.05
Apigenin 7 glucoside 0.29£0.09  0.26+0.20
Resveratrol 0.55+0.18  0.58+0.13
Quercetin 1.02£0.13  0.72+0.20
trans-Cinnamic Acid 0.08£0.01  0.29+0.08
Naringenin ND 0.09+0.01
Kaempferol 0.70£0.14  0.82+0.00
Isorhamnetin 0.78+0.35  0.38+0.13

Table 2
Cooking yield and dimensional shrinkage values of raw
beef patties containing different levels of peach leaf

powders
Treat- Cooking yield (%) Dimensional shrinkage (%)
ments
Control 67.30+£2.284 12.31+0.55%8
BHT 64.12+1.58A 14.47+0.454
AP 67.65+1.66% 7.48+0.818
MwP1 62.59+0.694 9.32+0.75%8

MwP2 65.52+1.00” 12.80+0.2078
MwP3 65.76+0.82" 11.88+0.4948
Signifi- NS *

cant

AP: Peach leaves dried in the air, MwP: Peach leaves dried in
the microwave oven. ND: Not determined

Phenolic content of the peach leaf has been influenced
by drying method. Lian Sen et al. (1994) reported the
presence of 5,7- dimethoxycoumarin, gallic acid, ka-
empferol and kaempferol derivatives (3,7-dirhamno-
side, 3- rutionoside), quercetin, quercetin derivatives (3-
rhamnoside, 3- rutinoside, 3-galactoside, 3-glucoside, 3-
sophoriside) in peach leaves. Similar to our study re-
sults, Aouidi et al. (2016) dried olive leaves by lyophili-
zed, convection and microwave drying and the highest
antioxidant quality was seen in the microwave drying at
600 W.

Physicochemical properties of beef patties

There were no differences in cooking yield (%) of pat-
ties (P>0.05). As seen in Table 2, percentage cooking
yields were ranged from 62.50 to 67.65 %. Al-Juhaimi
et al. (2016) stated that using Moringa seed powder inc-
reased the cooking yield of samples compared to control
group. On the other hand, dimensional shrinkage of the
control group was higher than those other patties, the le-
ast dimensional shrinkage (7.48%) occurred in MwP3.
The dimensional shrinkage decreased with the increa-
sing concentration of MwP (Table 2). Similarly, dimen-
sional shrinkage decreased in patties to which destoned
olive cake powder was added and it has been stated that
the olive pulp allows to preserve size and shape of the
samples throughout the cooking process (Aouidi et al
2016). Alakali et al., (2010) stated that muscle protein
denaturation, removal of melted fat and evaporation of
some water during heat treatment resulted in shrinkage
in patties. In our study, shapes of the beef patties effec-
ted by changes in the protein structure because of coo-
king process of the samples.

Values are means of triplicate samples (=SE). NS — not significant (P
> 0.05) A8 Means within columns with different superscript letters are
significantly different (*P<0.05).

Control: Raw patties without peach leaf powders (PLP) and BHT.
BHT: Raw patties with 0.01% butylhydroxytoluene (BHT). AP: Raw
patties 1% peach leaf powder dried in air. MwP1: Raw patties with
0.5% peach leaf powder dried in microwave oven. MwP2: Raw pattis
with 1% peach leaf powder dried in microwave. MwP3: Raw patties
with 2% peach leaf powder dried in microwave.

The pH values of the samples are given in Table 3.
The pH of uncooked samples containing various con-
centrations of peach leaf powder decreased (P<0.01)
(Table 3). pH values of control and BHT were determi-
ned as 6.29, 6.16, respectively; the pH values of MwP1,
MwP2, MwP3 and AP samples were found as
5.75,5.70,5.67 and 6.06, respectively. Among all treat-
ment groups for storage days, the lowest pH value (5.49)
was 2% MwP on day 5 day, the highest pH (6.71) was
seen in control group on day 7.

Lipid oxidation value

The peach leaf powders (PLPs) showed an important
inhibitory influence on the TBARS values (Table 3).
TBARS values were found between 0.66 and 4.15 MDA
mg/kg for 7 days. The addition of PLPs effectively dec-
reased the lipid oxidation values. TBARS values of
control, BHT and MwP3 were 2.64, 1.31, 0.75 mg of
MDA/kg meat at first day of storage respectively, were
4.13, 1.94, 0.58 mg of MDA/kg meat at the end of the
storage day, respectively. Means of TBARS values were
higher in the without PLP group than in those containing
AP, MwP and BHT. Among all treatment groups, the
average lowest TBARS value was MwP3 over the sto-
rage period (Table 3). Phenolic compounds and flavo-
noids in the structure of the PLP are thought to be effec-
tive in delaying oxidation. Similarly, Zahid et al. (2019)
stated that beef patties treated with BHT, ascorbic acid,
and clove extract manifested substantially lower than the
control group. Juntachote et al. (2007) also determined
that the dried galangal powder decreased the lipid oxi-
dation values of cooked pork meat (P<0.05) than the
control during storage period. They also indicated that
TBARS values increased with progressing storage time
In a study, using leaf extracts as a natural preservative in
meat products, polyphenolic extracts of black currant
and cherry leaves were added to the pork sausages. In
the sausages stored for 28 days, leaf extracts showed a
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significant inhibitory effect on TBARS formation
(Nowak et al. 2016). In a study using olive leaf powder

Table 3

and extract, olive leaves reduced lipid oxidation by 20-
25% (Aouidi et al. 2016).

The pH and TBARS values of raw beef patties treated with peach leaf powders at different levels during storage at 4 °C

for 7 days

Treatments Storage time (days)
1 3 5 7

pH
Control 5.89+0.0482 6.18+0.25402 6.39+0.0440 6.71£0.0942
BHT 5.90+0.0582 5.97+0.19A02 6.36+0.10752 6.42+0.1142
AP 6.00+0.0472 5.85+0.1872 6.1840.194® 6.20+0.22A%
MwP1 5.9540.05% 5.53+0.0742 5.7340.207¢ 5.80+0.154%¢
MwP2 5.92+0.06"2 5.79+0.03Ab2 5.57+0.11B¢ 5.5340.058¢
MwP3 6.02+0.0442 5.68+0.0652 5.50+0.098¢ 5.49+0.048¢
TBARS (mg MDA/kg)
Control 2.64+0.2982 3.76+0.382 4.1540.13%2 4.14+0.1742
BHT 1.31£0.3140¢ 1.87+0.35A0¢ 2.04+0.3340 1.9440.27Ab
AP 1.17+0.08Ab¢ 0.66+0.06% 0.92+0.028¢ 0.87+0.048¢¢d
MwP1 2.02+0.24A% 2.24+0.417° 1.89+0.314 2.67+0.627°
MwP2 1.41+0.23A0¢ 1.27+0.17Abcd 1.28+0.18A¢ 2.16+0.52A%¢
MwP3 0.75+0.044¢ 1.06+0.19A 0.77+0.114¢ 0.67+0.07A9

Values are means of triplicate samples (+SE)

&d Means within columns with different superscript letters are significantly different (P<0.01).

A€ Means within rows with different superscript letters are significantly different (P<0.01).

Control: Raw patties without peach leaf powders (PLP) and BHT. BHT: Raw patties with 0.01% butylhydroxytoluene (BHT). AP: Raw patties 1%
peach leaf powder dried in air. MwP1: Raw patties with 0.5% peach leaf powder dried in microwave oven. MwP2: Raw patties with 1% peach leaf
powder dried in microwave. MwP3: Raw patties with 2% peach leaf powder dried in microwave

Texture profile analysis (TPA)

Table 4 indicates the influence of PLPs on the hard-
ness, gumminess, chewiness parameters of uncooked
beef patties. Hardness, gumminess (N), chewiness of the
samples increased (P < 0.01) using the MwP concentra-
tion. The highest hardness (32.84 N), gumminess (11.62
N), chewiness (7.08) values were observed in MwP3
while the lowest values were seen in control group.
Sharma and Yadav (2020) stated that the hardness value
of chicken meat patties incorporating pomegranate peel

and pomegranate aril bagasse flour increased. In our pre-
vious study, adding grape leaf powder affected the hard-
ness, chewiness characteristics of meatball samples
(Yaldiz Cabi and Sarigoban, 2019). However, Modi et
al. (2009) found that some vegetable material caused to
decrease chewiness and hardness (N) parameters of
meat samples. Springiness (mm) and cohesiveness va-
lues of cooked meat were affected by the addition of
PLPs. Springiness (mm) values changed from 0.86 (AP)
to 0.90 (MwP1 and MwP3). Cohesiveness values are
between 0.39 (control) - 0.59 (BHT and MwP2).

Table 4

Textural parameters (TPA) of raw and cooked beef patties treated with different levels of peach leaf powders
Treatments Hardness (N) Gumminess (N)  Springiness (mm) Cohesiveness Chewiness
Raw
Control 19.79+0.85¢ 7.55+0.538 0.56+0.014 0.38+0.014 4.26+0.388
BHT 29.32+0.7948 10.46+0.244 0.66+0.024 0.35+0.014 6.95+0.244
AP 24.11+1.118¢ 9.02+0.2148 0.62+0.024 0.37+0.024 5.69+0.3478
MwP1 26.37+0.578 10.66+0.607 0.64+0.054 0.37+0.004 6.84+0.5018
MwP2 24.36+0.28B¢ 8.94+0.3148 0.56+0.004 0.3840.00” 5.07+0.2478
MwP3 32.84+2.044 11.62+0.774 0.60+0.034 0.354+0.00” 7.08+0.844
Significant ** ** NS NS *
Cooked
Control 205.13£1.614 121.40+10.17A 0.89+0.0078 0.39+0.028 109.30+9.26
BHT 250.00+20.214~ 146.38+7.83A 0.87+0.0078 0.59+0.024 127.78+7.54
AP 205.60+11.80” 116.16+4.994 0.86+0.008 0.56+0.014 100.54+3.79
MwP1 199.00+8.86% 119.04+4.984 0.90+0.0078 0.54+0.024 107.12+4.16
MwP2 203.40+15.96~ 116.75+5.244 0.88+0.0078 0.59+0.024 104.79+5.46
MwP3 240.90+23.114 112.90+8.74A 0.90+0.014 0.51+0.0448 101.98+7.18
Significant NS NS *x *x NS

Values are means of triplicate samples (+SE). NS — not significant (P > 0.05). ~°¢ Means within columns with different superscript

letters are significantly different (*P<0.05; **P<0.01).
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Control: Raw patties without peach leaf powders (PLP) and BHT. BHT: Raw patties with 0.01% butylhydroxytoluene (BHT). AP:
Raw patties 1% peach leaf powder dried in air. MwP1: Raw patties with 0.5% peach leaf powder dried in microwave oven. MwP2:
Raw pattis with 1% peach leaf powder dried in microwave. MwP3: Raw patties with 2% peach leaf powder dried in microwave.

Sensory scores panellists in terms of colour and the concentration inc-

No significant differences (P>0.05) were observed in rease and the score given to the color decreased (Table
the flavour and taste, odour, structure and texture pro- 5). The patties were examined in terms of appearance;
perties. However, the addition of PLPs affected the highest score was given to the control group. The
(P<0.05) the colour, appearance, general acceptability patties with MwP3 were less preferred by the panellists
of beef patties. The panellists preferred the colour of the than the other groups. This situation is probably due to
control patties and patties with BHT (Table 5). The inc- the increase in fibre ratio in leaves may have hardened

score was given to the MwP1 group; the lowest score

was given to MwP3 (Table 5).

Table 5
The sensory evaluation of cooked beef patties containing different levels of peach leaf powders

Treatments Colour Appearance Odour Fla\g:tzand Texture General acceptability
Control 7.25+0.49A8 7.62+0.24A 5.87+0.72 5.75+0.49 AB 6.87+0.60 6.87+0.33AB
BHT 7.50+0.47A 6.75+0.46"8 4.62+0.61 5.00+0.36 A8 5.62+0.46 5.87+0.37 AB

AP 5.87+0.74A8C 6.62+0.39A8 5.50+0.53 5.25+0.86 A8 5.50+0.81 5.37+0.81 A8
MwP1 6.62+0.617B 7.25+0.42A 6.37+0.50 6.75+0.46 A 6.75+£0.29 7.1240.37A
MwP2 4.75+0.688¢ 6.12+0.4178 5.50+0.40 5.00+0.61 A8 4.87+0.51 5.62+0.43 AB
MwP3 3.87+0.48¢ 5.00+0.508 5.25+0.46 3.75+0.818 5.12+0.67 4.87+0.418

1 ifi **
Significant ox NS NS NS *

Values are means of triplicate samples (+SE). NS — not significant (P>0.05). € Means within columns with different superscript letters are significantly
different (*P<0.05; **P<0.01).

Control: Raw patties without peach leaf powders (PLP) and BHT. BHT: Raw patties with 0.01% butylhydroxytoluene (BHT). AP: Raw patties 1%
peach leaf powder dried in air. MwP1: Raw patties with 0.5% peach leaf powder dried in microwave oven. MwP2: Raw pattis with 1% peach leaf

powder dried in microwave. MwP3: Raw patties with 2% peach leaf powder dried in microwave.

4. Conclusions

The usage of ground peach leaf has an important ef-
fect on TBARS values througout the storage time. The
PLP dried in microwave oven retarded the lipid oxida-
tion of beef patties when compared to the AP group. Es-
pecially, MwP3 significantly prevented lipid oxidation.
Sensory properties had been affected by the peach lea-
ves, while the addition of PLP showed a hard texture.
Further studies are required for revealing the microbio-
logical properties of the beef patties.
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Currently, a significant survey field is the use of probiotics as feed additives.
There are many essays about the effect of the use of probiotics on meat quality.
There is common agreement that probiotics supplementation could improve
meat quality. Probiotic treatment increases meat tenderness however probiotics
on lipid composition and oxidation of meat and sensory properties may change.
The products obtained can be presented to the consumer as a healthy, taste and
aroma enhanced and safe food. Thus, while providing delicious and nutritious
food to the consumer, it also has positive effects on consumer health. Especially
today, consumption of functional foods containing probiotics is increasing rap-
idly. Consumer interest has accelerated research on probiotics. On the other
hand, there is a continuous increase in the number of microorganisms used in the
market as probiotics. The current situation will be taken one step further with the
discovery of new and active microorganism varieties that can be used as probi-
otics in the future probiotics will be the subject of many studies in the future.
Therefore, it is thought that this issue should be emphasized. Apart from all
these; as a group of growth promoters, the supplement of probiotics to the diet
of poultry has been found to develop growth performance, increase feed

conversion yield and develop immune responses.

1. Introduction

The poultry industry has become a significant
economic activity in a lot of countries (Kabir 2009). The
manufacture and consumption of poultry meat has been
dramatically increasing. This speedy growth is to an
enormous degree associated to the requests of the
consumers for a healthy diet and meat as it is basic
component (Popova 2017). For the purpose of achieve
income, efficient and economical production, safety and
quality, beside essential nutrient, for several years,
antibiotics have been added to poultry diets (Okanovié¢
et al 2014). This common use of antibiotics in poultry in
order to promoting growth rate, increasing feed
conversion efficiency and for the prevention of intestinal
infections have led to an instability of the beneficial
intestinal flora and the appearance of resistant bacteria
(Gupta & Das 2013; Popova 2017).

After the prohibition of antibiotics, the search for
alternative additives to antibiotics has gained
momentum with the increasing concerns that the
continuity and profitability of production may be
adversely affected as a result of the losses that may occur

* Corresponding author email: bernacapan@hotmail.com

in the performance of the animals (Ustiindag & Ozdogan
2017).

With rising attention about antibiotic resistance,
there is rising attention in discovering alternatives to
antibiotics for poultry production. Natural feed
additives, such as live “probiotics” have potential to
decrease enteric disease in poultry and latter
contamination of poultry products (Gupta & Das 2013;
Popova 2017). Thus, probiotics are being considered to
fill this emptiness and several farmers are using them in
prefer to antibiotics (Kabir 2009).

As a result of marketing studies based on the
relationship between food and health, there is an
increase in the interest of consumers in this direction. In
this context, probiotics, one of the product groups that
have the largest share in the development of new and
functional foods, are also welcomed by the consumer
(Dogu & Sarigoban 2015).

Probiatics are healthy bacteria, yeast and other mic-
roorganisms that maintain the natural balance of the di-
gestive system (Palamutoglu & Sarigoban 2013).

Probiotics are culture of living microorganisms that

are used as functional ingredients to manipulate and
maintain good health by controlling gut microflora and
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increasing digestive enzyme activity (Alloui et al 2013).
The term ‘probiotic’ comes from the Greek words “pro’
and ‘biotic,” meaning ‘for life’ (Gibson & Fuller 2000 ;
Dhama et al 2011) and was first used in 1965 as contrary
to the word antibiotic, to indicate unknown growth
promoting substances produced by a ciliate protozoan
that stimulated the growth of another ciliate (Kral et al
2013; Popova 2017). Many definitions have been
proposed for the term “probiotic”. The more widely
accepted one is “live microorganisms which, when
consumed in adequate amounts, confer a health effect on
the host” (FAO/WHO, 2002; Gaggia 2010; Popova
2017). This description implies that a health influence
must be demonstrated for the probiotic (Francesca et al
2010; Kral et al 2013; Park et al 2016).

Probiotics are live, in general non-pathogenic
microorganisms supplemented to both human and
animals diet (Getachew 2016). They are one by one
microorganisms or groups of microorganisms which
have positive influence on host by developing the

properties of intestinal microflora. Their influence on
production consequences reflects in reduction of risk of
illnesses, probiotics develop the function of the immune
system and display important effect on morpho-
functional properties of intestines (Okanovi¢ et al 2014).
Probiatics also prevent contamination of carcasses by
intestinal pathogens during processing (Kabir 2009).

Aims of the use of probiotics as feed supplements
can be listed as (Alloui et al 2013):

. Pathogenic bacteria control
. Improve health and production performance
. Reduce antibiotic use in poultry

Probiotic microorganisms that are generally used for
animals (Table 1) include Bifidobacterium,
Lactococcus, Lactobacillus, Bacillus, Streptococcus and
yeasts such as Candida, which are usually found in the
poultry intestine (Park et al. 2016). Apart from these,
one of the most successful probiotic bacteria used in
poultry are Bacillus subtilis (Alloui et al 2013).

Table 1
Probiotic microorganisms (Holzapfel et al 2001)
Lactobacillus species Bifidobacterium species Other lactic acid bacteria Nonlactic acid bacteria
L. acidophilus B. adolescentis Enterococcus faecalis Bacillus cereus var. toyoi
L. amylovorus B. animalis Enterococcus faecium Escherichia coli strain nissle
L. casei B. bifidum Lactococcus lactis Propionibacterium freudenreichii
L. crispatus B. breve Leuconstoc mesenteroides Saccharomyces cerevisiae
L. delbrueckii subsp. bulgari- B. infantis Pediococcus acidilactici Saccharomyces boulardii
cus
L. gallinarum B. lactis Sporolactobacillus inulinus
L. gasseri B. longum Streptococcus thermophilus
L. johnsonii
L. paracasei
L. plantarum
L. reuteri

L. rhamnosus

Probiotics could be infectious, particularly in
debilitated and immuno-compromised populations
(Getachew 2016). Some species of Lactobacillus,
Bifidobacterium, Leuconostoc, Enterococcus and
Pediococcus have been isolated from infection areas.
Lately, emphasis has been given to the selection,
preparation and practice of probiotic strains, particularly
lactic acid bacteria (Otutumi et al 2012).

2. Mechanisms of Action of Probiotics.

Probiotics show some significant ways of action.
The mechanism of action of probiotics needs to be fully
elucidated (Ulger et al 2015). However, how probiotics
realize their mechanism of action is still a matter of
debate (Kiran & Osmanagaoglu 2012). A number of the
recommended modes of action of probiotics are given
below:

1) Maintaining a beneficial microbial population

by “antagonism” and “competitive exclusion”
(Ghadban 2002); an antagonistic effect towards

pathogen bacteria by modification of gut pH, direct
antimicrobial influence by secretion of products which
prevent their improvement, such as organic acids,
bacteriocins, and hydrogen peroxide, production of
short chain fatty acids in the intestine, regulation of the
immune system of the host, normalization of gut
microbiota, and another metabolic effects (Alloui et al
2013).

2) Improving feed intake and digestion (Ghadban
2002; Apata 2008; Budak Bagdatli & Kundakg1 2013);

3) Changing bacterial metabolism (Ghadban
2002).

4) Stimulating the immune system (Haghighi et al
2005; Kabir 2009).

Probiotic microorganisms have signified much
healthy beneficial effects via in-vivo trials, accompanied
by much promising recent facilities as advanced by in-
vitro experiments. Generally, probiotics have been
demonstrated to develop intestinal microbial stability,
supply prevention against gut pathogens and modulate
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immune system (Park et al 2016). There are lots of ef-
fects of probiotics on health, including regulation of in-
testinal microbial homeostasis, enzymatic activity indu-
cing absorption and nutrition, stabilization of the gastro-
intestinal barrier function, expressions of bacteriocins,
interference with the ability of pathogens to colonize
and inhibition of procarcinogenic enzymes (Figure 1)
(Gaggia et al 2010).

However probiotic use has not reached the expected
prevalence in Turkey. The biggest reason for this is that
the probiotics used are not only imported, but also
maintain their viability for a long time in the process
from production to use (added to feed and stored) and
the problems associated with their use with other feed
additives (Kocabagli & Alp 2015).

Regulation of
intestinal
microbial

homeostasis

Enzymatic
activity inducing
absorption and
nutrition

N

Stabilization of
the
gastrointestinal
barrier function

/

Probiotics

~

Interference
with the ability
of pathogens to

colonize

N

Expression of
bacteriocins

Inhibition of
procarcinogenic
enzymes

Figure 1

Effects of probiotics on health (Gaggia et al 2010)

3. Effects on Growth Performance

Probiotics, which have been used to increase
productivity since the 1970s, have commercially
prepared preparations containing live bacterial, yeast
and fungal cultures and various enzymes (Karademir &
Karademir 2003).

There are studies investigating the effects of
probiotics on the performance of poultry. As a result of
these studies, it was reported that significant increases
were observed in the growth performance of broiler
chickens, layer chickens, ducks, turkeys, quails and
ostriches with the addition of probiotics (Ustiindag &
Ozdogan 2017).

Especially after the prohibition of the use of antibio-
tics as growth promoters, probiotics became one of the
important feed additives used for this purpose. Indeed,
Baidya et al (1993) reported that probiotics are the most
effective growth accelerators. There are many reports
that chickens fed diets containing probiotics gain more

weight (Ulger et al 2015). As a group of growth
promoters, the supplement of probiotics to the diet of
poultry has been found to develop growth performance,
increase feed conversion yield and develop immune
responses (Dhama et al 2011).

In a study practice of probiotic to poultry resulted in
5-6% less mortality rates through the first week,
completely suppressing the growth of E. coli,
developing daily gain and feed conversion ratio. Used a
probiotic bacterial culture from Bifidobacterium
pseudulongum, Bifidobacterium thermophilium, and L.
acidophilus in dose of 6.8x108 for acquiring safe and
healthy poultry products (Ghadban 2002).

For example addition of probiotic Streptococcus
faecium M-74 to broiler diet (0.5 mill. CFU /g and 1.0
mill. CFU/g) from 14th to 21st day of age increased
body weight, developed feed conversion ratio, and
reduced mortality of the treated chickens. Containing
the probiotic Lactosacc and S. faecium JMB 52 cultures
(400 mill. CFU/g) to the feed of broilers leads to the
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development of their productivity, consistent
development (Ghadban 2002).

Stanley et al (1993) reported that the addition of
0.1% live yeast (S. cerevisiae) to broiler feeds caused an

r=-"

- - - 1 L 1
increase in carcass weight. 'SEp!

In a study was evaluate effects on performance
characteristics in quail by dietary addition of Saccharo-
myces cerevisiae and lactic acid bacteria (Pediococcus
acidilactici). In this study performance parameters
(body weight gain, feed intake and feed conversion ra-
tio) were determined weekly. Performance charac-
teristics were affected significantly by dietary addition
of Saccharomyces cerevisiae and Pediococcus acidi-
lactici throughout the experiment. Birds fed diet con-
taining Saccharomyces cerevisiae and Pediococcus aci-
dilactici significantly improved body weight gain, feed
intake and feed conversion ratio. These results sug-
gested that the usage together with yeast and bacteria in
quail diets could be more effective than alone yeast or
bacteria (Parlat & Go¢gmen 2010).

In contrast , in a study in the probiotic addition had
no effect on feed conversion ratio and body weight gain
during grower (16 to 29 d) and finisher (30 to 45 d)
periods. Further, no significant differences in body
weight at 29 and 44 d were found between chicken
groups. Similarly, marginal effects of Bacillus spp. and
a commercial probiotic (containing Lactobacillus spp.
and Bifidobacterium spp.) (Kim et al 2016).

Karaoglu and Durdag (2005) investigated the effects
of adding different levels (0.1% and 0.2%) yeast culture
(S. cerevisiae) to the rations on carcass characteristics
and performance in 19-day-old broiler chicks. rate, feed
consumption and carcass yield did not create an effect in
terms of reported.

Miles et al. (19814, b) in their study by adding two
different levels of probiotics (L. acidophilus) to breeder
quail rations, egg production, feed consumption,
reproduction, brood yield and mortality between quails
fed with feeds containing probiotics and quails in the
control group. found that there was no significant
difference between the rates.

4. Effects of Probiotics on Meat Quality

Physical and chemical properties of meat such as
colour, flavor, odour, texture and pH are the basic
parameters that determine meat quality.

Probiotic meat products have become one of the he-
alth-related products that have increased their impor-
tance today. In addition to the positive effects of these
products on health, they also have features such as imp-
roving the taste, aroma and physical structure of the pro-
duct as added value and being effective on the microbi-
ological flora (Dogu & Sarigoban 2015).

It is thought that probiotics and organic acids, which
increase the number of beneficial microorganisms in the
digestive tract and act by reducing the pH of the
environment, can be used as an alternative to antibiotics

in the poultry industry to increase performance and meat
quality, and studies have been carried out on this subject
(Dama 2019).

There is common agreement that probiotics
supplementation could improve meat quality (Park et al
2016). Probiotics including Bacillus licheniformis in the
poultry diet improved the meat colour, flavour and
juiceness in fresh meat (Liu et al 2012) , in spite of the
fact that Bacillus subtillis indicated unimportant effect
on the texture in cooked meat (Alfaig et al 2013; Popova
2017). Mahajan et al (2000) emphasize that the scores
for the sensory properties of the meatballs; appearance,
texture, juiciness and overall acceptability were
significantly higher and those for flavour were lower in
the probiotic fed group (Kabir 2009; Jadhav et al 2015;
Park et al 2016).

4.1. Tenderness of Meat

Tenderness is known as one of the most significant
properties of meat that extremely effect its consumer
acceptability. As tenderness accounts as a main meat
eating satisfaction, food scientists have always looked
for effective tenderization processes that are capable of
improving meat quality (Barekat & Soltanizadeh 2017).

Studies have shown that probiotic treatment
increases meat tenderness. Improved tenderness which
was shown by reduced shear force was determinated by
Yang et al (2010) when probiotic Clostridium butyricum
was added in diet of broiler (Park et al 2016).

Zhang et al (2005) conducted an experiment with
240, day-old, male broilers to search the effects of
Saccharomyces cerevisiae cell components on the meat
quality and they reported that meat tenderness could be
improved by the whole yeast or Saccharomyces
cerevisiae extract (Kabir 2009).

4.2. Lipid Composition and Oxidation of The Meat

Lipid oxidation is an important issue related to off-
flavour, off-odour and warmed-over flavour seems to be
relative to lipid oxidation in meat. Lipid autooxidative
degradation gives products that alter the food quality,
e.g. the colour, texture, flavour, aroma and the nutritive
value.

Probiotics on lipid composition and oxidation of
meat are changing. Latest research showed -either
positive or lack of adverse effect of the probiotics on the
lipid stability of chicken meat. In spite of the reduced
content of polyunsaturated fatty acids (PUFA) and the
higher total fat content, Aspergillus awamori and
Aspergillus niger reduced crucially the content of
thiobarbituric acid reactive substances (TBARS) in
broiler breast (Popova 2017).

Investigation on the influence of diverse probiotics
on the fatty acid profile of meat is relatively limited, but
the overall results point out positive influence of the
probiotics, mostly related to decrease in saturated and
increase of polyunsaturated fatty acids. Feeding broilers
with  Aspergillus awamori and Saccharomyces
cerevisiae or combination of them led to important
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reduction in the saturated C16:0 and C18:0, and increase
in C18:1 as well as in the polyunsaturated C18:2, C18:3,
C20:4 (Saleh et al 2013). The same was observed when
the diet of the birds included Aspergillus awamori and
Aspergillus niger in diverse amounts (0.01%, 0.05%,
0.1%) as well as Aspergillus awamori in combination
with selenium nanoparticles (Saleh 2014). Increase in
the C18:3 in breast and C18:2 and C18:3 in the thighs
after probiotic administration (Hossain et al 2012);
however, in the other test, decrease in the n-6
polyunsaturated fatty acids (PUFA) in both breast and
thigh (Popova 2017).

Endo & Nakano (1999) reported a greater tendency
of higher ratio of unsaturated fatty acids to saturated
fatty acids in breast and thigh meat of broilers fed with
probiotics  (including  Bacillus,  Lactobacillus,
Streptococcus,  Clostridium,  Saccharomyces and
Candida) (Park et al 2016).

4.3. Microbiological Properties of Meat

In poultry meat production, some microorganisms
present in meat deteriorate meat quality, shorten its shelf
life, and pose a risk to human health. Therefore, one of
the factors that affect the meat quality and is closely re-
lated to the shelf life of the meatisthe  microbial load
of the meat (Dama 2019).

Since meat is a food of animal origin, the quality of
raw materials is very important in terms of the quality of
the product to be formed. The microbial load of meat
products is closely related to the raw material (Dogu &
Sarigoban 2015).

Mahajan et al (2000) reported that broiler breast fed
diets including probiotics had lower total aerobic
bacterial counts than drumsticks (Aksu et al 2005). In a
study in total bacterial counts of vacuum-packaged legs
and drumsticks stored at 0°C for 16 days were lower
compared with aerobically packaged samples along the
first 8 days of storage. They rapidly increased. Using
total bacterial counts, determined that vacuum packaged
broiler carcasses could be preserved at 2°C for 10 days
(Aksu et al 2005).

Concerning the microbiological quality of meat,
competitive put out of cultures for broilers can be used
to decrease contamination by Salmonella enteritidis in
processed carcasses, decreasing thus the exposure of
consumers to food-borne infections (Otutumi et al
2012).

4.4. Sensory Properties of Meat

Probiotics on sensory properties of meat are
changing. Some studies show a positive influence of
probiotics on sensory properties whereas other studies
show no influence of probiotics. Probiotics may have an
influence on flavour of meat. In a study in a favorable
influence of probiotics including Bacillus licheniformis
and Bacillus subtilis spores on the flavor of broiler meat
after cooling for 5 days however in a different study in
probiotics fed with water and feed did not had any
influences on sensory characteristics of meat. In a study

in probiotic addition significantly increased the meat
tenderness and meat quality. Majority of the carcass
characteristics are forthrightly commensurate to the
increased body weight at the time of slaughter. In
contrast, in the other experiment, no significant
difference in carcass % between probiotic treated and
untreated treatments on the sensory parameter basis
(Jadhav et al 2015).

5. Conclusion

There is a popular opinion that consumers would
prefer to buying poultry meat from animals processed
with natural agents rather than antibiotics, hormones, or
other chemicals. Probiotics can present enormous
potential as alternatives for antibiotics to completely
eliminate antibiotic use, because probiotics do not lead
to microbial resistance. In addition to probiotics
constitute a cost-effective alternative to antibiotic
growth promoters. Probiotics seem to be the feed
additives of the coming years, particularly under the
politics of banning of antibiotics. Probiotics are gaining
importance because they have a number of beneficial
effects in poultry. These are: to supply nutrient to the
feed, to improve immunity, to prevent intestinal tract
disease, to promote growth and meat quality and
stability, environmental friendly.

Find out more information and gaining experiences
on comprehend probiotics and find out their overall
practicability for poultry meat quality in the coming
years would help in making further improvements.

In recent years, the use of probiotics has become
clearer than in previous years. Probiotics can be seen as
an important alternative to antibiotic agents for growth
promotion in poultry. It is thought that this resource will
be utilized more effectively in the future.

As it is a relatively new field of study, research on
the subject continues. Considering the benefits, it is
thought that more studies should be done on this subject.

Although the use of probiotics is quite old, there are
still unexplained points in terms of the mechanism of
action and measurement of effectiveness. However, it is
predicted that the use of probiotics and prebiotics will
increase in the future as a result of the restriction of
antibiotics as growth promoters and also because
consumers avoid products produced using antibiotics.
Giving probiotics to animals, in particular, will stimulate
the immune system, thereby reducing susceptibility to
disease. In addition, both the positive results obtained
and the economic nature revealed that the use of
probiotics, at least at a certain level, will continue in the
short and long term.

6. References
Aksu MI, Karaoglu M, Esenbuga N, Kaya M, Macit M,

Ockerman HW (2005). Effect of a dietary probiotic
on some quality characteristics of raw broiler



125

Capan and Bagdali / Selcuk J Agr Food Sci, (2022) 36 (1): 120-126

drumsticks and breast meat. Journal of Muscle
Foods 16: 306-317.

Alfaig E, Angelovicova M, Kral M, Vietoris V, Zidek R
(2013). Effect of Probiotics and Thyme Essential Qil
on the Texture of Cooked Chicken Breast Meat. Acta
Sci. Pol., Technol. Aliment 12(4): 379-384.

Alloui MN, Szczurek W, Swiatkiewicz S (2013). The
Usefulness of Prebiotics and Probiotics in Modern
Poultry Nutrition: A Review. Ann. Anim. Sci 13(1):
17-32.

Apata DF (2008). Growth performance, nutrient
digestibility and immune response of broiler chicks
fed diets supplemented with a culture ofbacillus
bulgaricus. J. Sci. Food Agric 88: 1253-1258.

Baidya N, Mandal L, Banerjee GC, 1993. Efficiency of
feeding antibiotic and probiotics in broilers. Journal
of Veterinary and Animal Science, 24: 120-124.

Barekat S, Soltanizadeh N (2017). Improvement of meat
tenderness by simultaneous application of high-
intensity ultrasonic radiation and papain treatment.
Innovative Food Science & Emerging Technologies
39: 223-229.

Budak Bagdatli A, Kundak¢i A (2013). Fermente Et
Uriinlerinde ~ Probiyotik ~ Mikroorganizmalarin
Kullammmi. C.B.U. Journal of Science 9(1): 31-37.

Dama G, (2019). Broylerlerin bitirme yemlerine
probiyotik ve organik asit ilavesinin performans ve
et kalitesi tizerine etkileri (Master's thesis, Saglik
Bilimleri Enstitlisti).

Dhama K, Verma V, Sawant PM, Tiwari R, Vaid RK,
Chauhan RS (2011). Applications of Probiotics in
Poultry: Enhancing Immunity and Beneficial Effects
on Production Performances and Health - A Review.
Journal of Immunology and Immunopathology
13(1): 1-19.

Dogu SO, Sarigcoban C, (2015). Probiotic meat products
and nutrition. Turkish Journal of Agriculture-Food
Science and Technology, 3(4): 183-189.

FAO/WHO (2002). Joint FAO/WHO (Food and
Agriculture Organization/World Health
Organization) working group report on drafting
guidelines for the evaluation of probiotics in food,
London, Ontario, Canada. guidelines for the
evaluation of probiotics in food. Joint working group
report on drafting. London, Ontario, 2002: 1-11.

Gaggia F, Mattarelli P, Biavati B (2010). Probiotics and
prebiotics in animal feeding for safe food
production. International Journal of Food
Microbiology 141: 15-28.

Getachew T (2016). A Review on Effects of Probiotic
Supplementation in Poultry Performance and
Cholesterol Levels of Egg and Meat. J. World Poult.
Res 6(1): 31-36.

Ghadban GS (2002). Probiotics in broiler production- a
review. Archiv fur Geflugelkunde 66(2): 49-58.

Gibson GR, Fuller R (2000). Aspects of in vitro and in
vivo research approaches directed toward
identifying probiotics and prebiotics for human use.
J Nutr 130: 391-395.

Gupta AR, Das S (2013). The Benefits of Probiotics in
Poultry Production: an Overview. Int. J. Livest. Res
3(1): 18-22.

Haghighi HR, Gong J, Gyles CL, Hayes MA, Sanei B,
Parvizi P, Gisavi H, Chambers JR, Sharif S (2005).
Modulation of antibody-mediated immune response
by probiotics in chickens. Clin. Diagn. Lab.
Immunol 12: 1387-1392.

Holzapfel WH, Haberer P, Geisen R, Bjorkroth J,
Schillinger U (2001). Taxonomy and important
features of probiotic microorganisms in food and
nutrition. Am J Clin Nutr 73: 365-373.

Hossain ME, Ko SY, Kim GM, Firman JD, Yang CJ
(2012). Evaluation of probiotic strains for
development of fermented Alisma canaliculatum
and their effects on broiler chickens. Poult Sci
91:3121-3131.

Jadhav K, Sharma KS, Katoch S, Sharma VK, Mane BG
(2015). Probiotics in Broiler Poultry Feeds: A
Review. Journal of Animal Nutrition and Physiology
1: 4-16.

Kabir SM (2009), Effect of probiotics on broiler meat
quality. African Journal of Biotechnology 8(15):
3623- 3627.

Karademir G, Karademir B, (2003). Yem Katki Maddesi
Olarak Kullanilan Biyoteknolojik Uriinler (Der-
leme). Lalahan Hayvancilik Arastirma Enstitiisii
Dergisi, 43(1): 61-74.

Karaoglu M, Durdag H. The influence of dietary probi-
otic (Saccharomyces cerevisiae) supplementation
and different slaughter age on the performance,
slaughter and carcass properties of broilers. Interna-
tional Journal of Poultry Science, 2005, 4: 309-316.
H
1SEP;

Kiran F, Osmanagaoglu O, (2012). Laktik Asit Bakter-
ilerinin Probiyotik Olarak Kullanimi. Selcuk Journal
of Agriculture and Food Sciences, 26(4): 60-67.

Kim HW, Yan FF, Hu JY, Cheng HW, Kim YHB (2016).
Effects of probiotics feeding on meat quality of
chicken breast during postmortem storage. Poultry
Science 95: 1457-1464.

Kocabagli N, Alp M, (2015). Kanatli Beslemede
Kullanilan Yem Katki Maddeleri. Tiirkiye Kinikleri
J Anim Nutr&Nutr Dis-Special Topics, 1(2): 17-24.

Kral M, Angelovicovd M, Alfaig E, Walczycka M.
(2013). Meat Quality of Broiler Chickens Fed Diets
with Bacillus subtilis and Malic Acid Additives.
Scientific ~ Papers:  Animal  Science  and
Biotechnologies 46(2): 375- 378.

Liu X, YanH, LvL, XuQ, Yin C, Zhang K, Wang P, Hu
J (2012). Growth Performance and Meat Quality of
Broiler Chickens Supplemented with Bacillus



126

Capan and Bagdali / Selcuk J Agr Food Sci, (2022) 36 (1): 120-126

licheniformis in Drinking Water. Asian-Aust. J.
Anim. Sci 25(5): 682-689.

Miles RD, Wilson HR, Arafa AS, Coligado EC, Ingram
DR, (1981a). The Performance of Bobwhite Quail
Fed Diets Containing Lactobacillus. Poultry Sci-
ence, 60: 894-896.

Miles RD, Wilson HR, Ingram DR, (1981b). Productive
Performance of Bobwhite Quail Breeders Fed a Diet
Containing a Lactobacillus Culture. Poultry Science,
60: 1581-1582.

Okanovi¢ D, Colovié R, Tasi¢ T, Zekié, V., Ikonié, P.
(2014). The impact of probiotics additives added into
diet on economic results of broilers production.
Journal of Hygienic Engineering and Design 7: 150-
153.

Otutumi LK, Gois MB, Garcia ERM, Loddi MM (2012).
Variations on the Efficacy of Probiotics in Poultry.
Probiotic in Animals. EC Rigobelo, Ed. InTech, Ri-
jeka, Croatia, 203-220.

Palamutoglu R, Sarigoban C, (2013). Probiyotik Mikro-
rorganizmalarin ~ Mikroenkapsiilasyonu. Akademik
Gida, 11(1): 88-96.

Park YH, Hamidon F, Rajangan C, Soh KP, Gan CY,
Lim TS, Abdullah WNW, Liong MT (2016).
Application of Probiotics for the Production of Safe

Ulger 1, Beyzi SB, Kaliber M, Konca Y, (2015). Kanatl
Sektoriinde Probiyotiklerin Etkinligi ve
Gelecegi. Tavuk¢uluk Arastirma Dergisi, 12(2): 7-
12.

and High-quality Poultry Meat. Korean J. Food Sci.
An 36(5): 567-576.

Parlat SS, & Go6¢men R, (2010). Bildircin (Coturnix
Coturnix Japonica) Rasyonlarma ilave Edilen Ek-
mek Mayas1 (Saccharomyces cerevisiae) ve Laktik
Asit Bakterilerinin (Pediococcus acidilactici) Per-
formans Ozelliklerine Etkileri. Selcuk Journal of Ag-
riculture and Food Sciences, 24(1): 47-50.

Popova T (2017). Effect of probiotics in poultry for
improving meat quality. Current Opinion in Food
Science 14: 72-77.

Saleh AA, Hayashi K, Ohtsuka A (2013). Synergistic
effect of feeding Aspergillus awamori and
Saccharomyces cerevisiae on growth performance in
broiler chickens; promotion of protein metabolism
and modification of fatty acid profile in the muscle.
J Poult Sci 50: 242-250.

Saleh AA (2014). Effect of feeding mixture of
Aspergillus probiotic and selenium nano-particles on
growth, nutrient digestibilities, selected blood
parameters and muscle fatty acid profile in broiler
chickens. Anim Sci Pap Rep 32: 65-79.

Stanley VG, Ojo R, Woldesenbet S, Hutchinson DH, Ku-
bena LF. The use of Saccharomyces cerevisiae to
suppress the effects of aflatoxicosis in broiler chicks.
Poultry Science, 1993, 72: 1867-1872.

Ustiindag AO, Ozdogan M, (2017). Kanatli beslemede
alterbiyotik kullanimi: probiyotikler, prebiyotikler,
organik asitler ve bakteriyosinler. Tiirkiye Klinikleri
Veteriner Bilimleri-Farmakoloji ve Toksikoloji Ozel
Dergisi, 3(3): 1-16.



	dergi kapak 25.04.2022.pdf (p.1-5)
	1-1262.pdf (p.6-12)
	2- 1263.pdf (p.13-17)
	3-1265.pdf (p.18-24)
	4-1267.pdf (p.25-31)
	5-1280.pdf (p.32-35)
	6-1284.pdf (p.36-43)
	7-1281.pdf (p.44-52)
	8- 1278.pdf (p.53-62)
	9-1276.pdf (p.63-67)
	10-1290.pdf (p.68-79)
	11-1293.pdf (p.80-86)
	12-1298.pdf (p.87-95)
	13- 1311.pdf (p.96-102)
	14-1312.pdf (p.103-110)
	15-1274.pdf (p.111-118)
	16-1288.pdf (p.119-124)
	17-1277 (D).pdf (p.125-131)

