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ABSTRACT

This study was conducted to determine some yield, quality attributes and correlation of
forage pea lines and cultivars for two years between 2014 and 2015 in Bingdl ecological
conditions. In present experiments, fourteen different forage pea lines and cultivars were
used as the plant material. Experiments were conducted in randomized complete blocks
design with three replications. Plant height, herbage yield, hay yield, crude protein ratio,
crude protein yield, crude ash ratio, acid detergent fiber, neutral detergent fiber, digestible
dry matter, dry matter intake and relative feed value were investigated. According to mean of
experimental years plant height, herbage yield, hay yield, crude protein ratio, crude protein
yield, crude ash ratio, acid detergent fiber, neutral detergent fiber, digestible dry matter, dry
matter intake and relative feed values varied from 38.4 to 92.0 cm, from 874 to 1552 kg da'l,
from 129 to 232 kg da™’, from 10.2 to 16.9%, from 15.8 to 38.4 kg da™, from 9.1 to 11.6%, from
27.6 to 34.9%, from 38.1 to 44.1%, from 61.7 to 67.4%, from 2.73 to 3.18% and from 130.9 to
166.4. Significant correlations were found between the traits studied. In terms of these
parameters; the Urunlu and Retna genotypes were found to be superior.

Key Words: ADF, NDF, Correlation, Crude protein, Forage pea
0z

Bu galisma, Bingdl ekolojik kosullarinda bazi yem bezelyesi hat ve gesitlerinin ot verimi, kalitesi
ve aralarindaki korelasyonun belirlenmesi amaciyla 2014-2015 yillarinda iki yil sireyle
ylratilmistir. Calismada materyal olarak 14 adet yem bezelyesi hat ve gesidi kullaniimistir.
Arastirma tesaduf bloklari deneme desenine gore (i¢ tekerrirli olarak kurulmustur.
Arastirmada; bitki boyu, yesil ot verimi, kuru ot verimi, ham protein orani, ham protein verimi,
ham kil orani, asit deterjanda ¢oziinmeyen lif, nétral deterjanda ¢6ziinmeyen lif, sindirilebilir
kuru madde, kuru madde tiiketimi ve nispi yem degerlerine iliskin veriler ele alinmistir.
Arastirma sonucunda ortalama olarak; bitki boyu 38.4-92.0 cm, yesil ot verimi 874-1552 kg/da,
kuru ot verimi 129-232 kg/da, ham protein orani %10.2-16.9, ham protein verimi 15.8-38.4
kg/da, ham kil orani %9.1-11.6, asit deterjanda ¢6ziinmeyen lif %27.6-34.9, notral deterjanda
¢oziinmeyen lif %38.1-44.1, sindirilebilir kuru madde %61.7-67.4, kuru madde tiketimi %2.73-
3.18 ve nispi yem degeri 130.9-166.4 arasinda degismistir. incelenen &zellikler arasinda dnemli
seviyede korelasyon oldugu belirlenmistir. Bu parametreler acisindan; Uriinlii ve Retna
genotiplerinin Gstiin 6zellikler gostererek one ¢iktig tespit edilmistir.

Anahtar Kelimeler: ADF, NDF, Korelasyon, Ham protein, Yem bezelyesi
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Introduction

Peas are gathered under Pisum sativum
species. Pisum sativum ssp. sativum sb-species
are grown for fresh or dry grains either as edible
peas or garden peas. Grains have quite high sugar
contents and they are commonly used edible
grain legumes. Field pea, also known as forage
pea (Pisum sativum ssp. arvense) is grown for hay
production, grazing or green-fertilization (Acikgoz,
2001; Avcioglu et al., 2009).

Forage pea is a multi-purpose plant. It is quite
available for production as an interim product in
temperate zones. Since it has quite short growth
period, it is commonly preferred in crop rotations
and it can serve as a quite well precursor plant for
the other plants in rotation. Forage pea is also
used as herbage, hay and silage. It is also quite
available to be used as manure crop. It had high
yield levels and easily degraded in soil, therefore,
can reliably be used as manure crops. In coastal
regions, forage pea can be intercropped with
cereals in autumn, winter and early spring months
and can be used as a short-term pasture with
heavy grazing activities (Acar and Ayan, 2012).

Pea herbage is quite palatable and nutritious
for almost all animals. Hay harvested at proper
harvest period has around 20% crude protein
content. Herbage vyield per decare under dry
conditions is around 1 ton and hay yield is around
250-300 kg. Herbage yield may reach to 2-4 ton
dat under irrigated conditions or in coastal zones
(Acikgoz, 2001; Avcioglu et al., 2009; Acikgoz,
2013).

In this study, herbage and hay vyields and
herbage quality parameters of 14 pea lines and
cultivars were investigated to get high quantity
and quality yields from pea cultivation and to
reveal the correlation between yield and quality
parameters of these lines and cultivars.

Material and Method
This study was carried out at research and

experiment fields of Bingol University under dry
conditions for two years (2014-2015). A total of 6
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pea lines (88-P038-4-3-683, Spring Pea 3-638,
P57B, P51, P101, P104) and 8 pea cultivars (Atos,
Ozkaynak, Retna, Gatem, Spring, Bolero, Urunlu
and Golyazi) were used as the plant material of
the study.

Field experiments were set in April of both
years and experiments were conducted in
randomized blocks design with three replications.
Experimental plots were 5 m long and there were
6 rows 30 cm apart in each plot. Sowing was
performed with a hand marker. Seeding rate was
arranged as to have 15 kg da™ seeds per decare.
Before sowing, 4 kg da™ nitrogen and 10 kg da™
phosphorus were applied to experimental plots.
Harvests were performed in second week of June
of both years.

According to long-term climate data (1990-
2015), monthly average temperature of Bingol
province is 12.3 °C, total precipitation is 950.8
mm and average relative humidity is 56.9%. In
experimental years (2014-2015), average
temperature (13.7°C in 2014 and 2015) and
relative humidity (51.9% in 2014 and 52.7% in
2015)
However, precipitations in experimental years
(758 mm in 2014 and 802 mm in 2015) were

lower than long-term averages.

were close to long-term averages.

Soil samples were taken from 10 different
locations of experimental fields. Samples were
analyzed at Soil-plant Analysis Laboratory at
Agricultural Faculty of Bingol University. Analysis
results were assessed based on limit values
specified in Sezen (1995) and Karaman (2012).
Soil texture was identified as loamy (with degree
of saturation of 43.31%); soils were slightly acidic
(pH = 6.37), unsaline (0.0066%), poor in organic
matter (1.26%), lime (0.15%), potassium (24.45 kg
da) and medium in phosphorus (7.91 kg da™).

Plants heights were determined on randomly
selected 10 plants from each plot as the height
from the soil surface to the last bud. Herbage
samples from each plot were weighed to get
herbage vyields. Then, plot yields were converted
into yields per decare. Herbage samples (0.5 kg
from each plot) were dried at 70 'C for 48 hours
and weighed to get hay vyields (Anonymous,
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2016). Then, yields were again converted into hay
yields per decare. Plant samples from hay were
ground to pass through 1 mm sieve. Crude ash
content of samples was determined by ashing the
samples at 550 °C for 8 hours. Kjeldahl method
was used to determine nitrogen (N) contents of
the Then,
multiplied by 6.25 to get crude protein ratios
(AOAC, 1990). Acid detergent fiber (NDF) and
neutral detergent fiber (ADF) values were
determined with ANKOM 200 Fiber Analyzer
(ANKOM Technology Corp. Fairport, NY, USA)
device (Van Soest et al.,, 1991). With resultant
ADF and NDF values, digestible dry matter
content (DDM=88.9 - (0.779 x %ADF)), dry matter
intake (DMI=120 / %NDF) and relative feed value
(RFV=(DMI x DMD) / 1.29) were calculated
(Morrison, 2003).

Experimental data were subjected to variance

samples. nitrogen content was

analysis (with SAS software) in accordance with
randomized blocks design with 3 replications.
Significant factor means were compared with
(5%)
coefficients

Duncan’s multiple range test. Basic

correlation were calculated to

identify the relationships among investigated
parameters.

Results and Discussion

In the study, highly significant differences were
observed in all attributes (p<0.01).

Plant height and crude ash content

Plant heights and crude ash contents of pea
samples are provided in Table 1. As the average of
two years, the greatest plant height (92.0 cm) was
obtained from Golyazi cultivar and the lowest
plant heights were obtained from Bolero, Spring,
Atos and Retna genotypes. Two-year average
plant height was calculated as 62.9 cm.

The greatest crude ash content (11.6%) was
obtained from Spring genotype. It was followed
by Spring Pea 3-638, Urunlu and P104 genotypes
respectively with same statistical group. The
lowest crude ash ratios were observed in P57B,
88-P038-4-3-683 and P101 genotypes. Two-year
average crude ash ratio was calculated as 10.4%.
With regard to the years, the highest crude ash
ratios were obtained from 2014 and the lowest
crude ash ratios were obtained from 2015.

Table 1. Plant height and crude ash ratios of forage pea genotypes for 2014 and 2015 years and averages
Cizelge 1. Yem bezelyesi genotiplerinin 2014 ve 2015 yillari ve ortalamalarina ait bitki boyu ve ham kiil oranlari

Plant Height (cm)
Bitki boyu (cm)

Lines and Cultivars Hat ve

Crude Ash (%)
Ham kiil (%)

No ,
Cesitler 2014 2015 Mean 2014 2015 Mean
Ortalama Ortalama
1 88 PO38-4-3-683 57.9 59.1 58.5 e** 9.6 8.8 9.2 e**
2 Spring PEA 3-638 80.8 43.4 62.1de 13.9 8.7 11.3ab
3 P57B 71.1 74.3 72.7c 10.5 7.7 9.1e
4 P51 65.7 68.1 66.9 cd 11.2 9.4 10.3 cd
5 P101 83.4 83.4 83.4b 11.3 7.5 94e
6 P104 81.1 84.9 83.0b 12.3 9.3 10.8 abc
7 Atos 42.0 414 41.7 f 11.8 8.8 103 cd
8 Ozkaynak 57.9 60.1 59.0e 11.6 9.6 10.6 bc
9 Retna 41.0 42.6 41.8f 10.1 10.5 103 cd
10 Gatem 101 68.1 70.1 69.1c 10.1 10.5 103 cd
11 Spring 38.7 41.5 40.1f 11.1 12.1 116a
12 Bolero 38.6 38.2 38.4f 11.1 10.1 10.6 bc
13 Urunlu 72.4 72.2 723 ¢ 12.6 9.8 11.2 ab
14 Golyazi 89.1 94.9 92.0a 114 8.2 9.8 de
Mean 63.4 62.4 62.9 11.3 A** 948 10.4

**Significance at P<0.01, CV (plant height): %10.60, CV (crude ash): %10.09 / **%1 seviyesinde énemli

In studies, heights were

reported as between 39.2-79.6 cm (Gul et al,,

previous plant
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2005; Togay et al., 2006; Sayar and Anlarsal, 2008;

Sayar et al., 2009). Crude ash ratios were
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reported as between 6.98-9.56% (Ozyigit and
Bilgen, 2006; Kavut et al., 2016). While present
heights
findings, crude ash ratios were slightly higher

plant were complying with earlier

than previous findings.

Herbage and hay yields

Herbage and hay yields of pea genotypes are
provided in Table 2. As the average of two years,
the greatest herbage yield was obtained from
Urunlu (1552 kg da™) cultivar and the lowest
herbage yields were obtained from Spring, P57B,
88-P038-4-3-683 and P51 genotypes. Two-year
average herbage yield was calculated as 1147 kg
da™t.

The greatest hay yield was obtained from P101
genotype (232 kg da™*) and the lowest hay yields
were obtained from Spring and 88 P038-4-3-683
genotypes. Two-year average hay vyield of
genotypes was calculated as 179 kg da™. In 2014,
higher herbage and hay yields were obtained than
the 2015 year.

In previous studies, herbage and hay vyields
were reported respectively as between 884-5275
kg da™ 189-960 kg da™
(Timuragaoglu et al., 2004; Sayar and Anlarsal,
2008; Sayar et al., 2009; Geren and Alan, 2012).

Present findings were slightly lower than earlier

and between

findings since previous genotypes were sown in
winter.

Table 2. Herbage yield and hay yield of forage pea genotypes for 2014 and 2015 years and averages
Cizelge 2. Yem bezelyesi genotiplerinin 2014 ve 2015 yillari ve ortalamalarina ait yesil ot ve kuru ot verimleri

Herbage yield (kg da™)
Yesil ot verimi (kg da™)

Lines and Cultivars

Hay vield (kg da™)
Kuru ot verimi (kg da_l)

No Hat ve Cesitler 2014 2015 Mean 2014 2015 Mean
Ortalama Ortalama
1 88 PO38-4-3-683 1076 723 900 i** 162 109 136 f**
2 Spring PEA 3-638 1295 952 1123 ef 223 156 190 ¢
3 P57B 1053 724 888i 184 124 154 e
4 P51 1063 757 910i 181 122 152 e
5 P101 1406 1007 1206 d 279 185 232a
6 P104 1189 845 1017 h 206 148 177 d
7 Atos 1191 889 1040 gh 202 147 175d
8 Ozkaynak 1381 1004 1192 de 207 147 177d
9 Retna 1677 1243 1460 b 248 174 211b
10 Gatem 101 1670 1179 1424 bc 243 172 207 b
11 Spring 1012 736 874 i 151 108 129 f
12 Bolero 1222 966 1094 gf 161 135 148 e
13 Urunlu 1829 1274 1552 a 253 174 213 b
14 Golyazi 1642 1116 1379 ¢ 244 173 209 b
Mean 1336 A** 958 B 1147 210 A** 148 B 179

**Significance at P<0.01, CV (herbage): %5.20, CV (hay): %6.49 / **%1 seviyesinde 6nemli

Crude protein ratio and crude protein yield

Crude protein ratios and crude protein yields of
pea genotypes are provided in Table 3. As the
average of two years, the greatest crude protein
ratio (16.9%) was obtained from Urunlu cultivar and
the lowest crude protein ratio was obtained from
P101 genotype. Two-year average crude protein
ratio of the genotypes was calculated as 12.7%.

The greatest crude protein vyield (38.4 kg da™)
was obtained from Urunlu cultivar and the lowest
crude protein yields were obtained from 88-PO38-
4-3-683, P51, Spring and P57B genotypes. Two-year
average crude protein yield of the genotypes was
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calculated as 23.6 kg da™. In 2014, higher crude
protein ratio and crude protein vyields were
obtained than the 2015 year.

Crude protein ratios were reported as between
14.6-19.0% (Timuragaoglu et al., 2004; Uzun et al.,
2012; Tan et al., 2013). Crude protein yields were
reported as between 65.0-979 kg da-!
(Timuragaoglu et al.,, 2004; Uzun et al., 2012).
Different environmental conditions and fertilizers
may result in different crude protein ratios and
consequently different crude protein yields. Low
hay yields may also result in low crude protein
yields.
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Table 3. Crude protein ratio and crude protein yield of forage pea genotypes for 2014 and 2015 years and averages
Cizelge 3. Yem bezelyesi genotiplerinin 2014 ve 2015 yillari ve ortalamalarina ait ham protein orani ve ham protein verimleri

Crude protein ratio (%)
Ham protein orani (%)

Lines and Cultivars

Crude protein yield (kg da"l)
Ham protein verimi (kg da'l)

No Hat ve Cesitler Mean Mean
2014 2015 2014 2015

Ortalama Ortalama
1 88 PO38-4-3-683 13.3 9.3 11.3 efg** 215 10.1 15.8 c**
2 Spring PEA 3-638 17.9 9.9 139¢ 39.9 154 27.6b
3 P578B 12.4 9.7 11.0 fgh 22.8 12.0 17.4c
4 P51 10.0 11.3 10.6 gh 18.0 13.8 159¢c
5 P101 10.8 9.6 10.2h 30.1 17.8 23.9 bc
6 P104 16.6 7.6 12.1de 34.2 11.3 22.8 bc
7 Atos 16.7 11.5 14.1c 33.6 17.0 25.3 bc
8 Ozkaynak 17.1 10.2 136¢c 35.4 14.9 25.2 bc
9 Retna 16.2 10.0 13.1cd 40.1 17.4 28.8 ab
10 Gatem 101 14.0 9.6 11.8 ef 34.0 16.6 25.3 bc
11 Spring 16.3 9.9 13.1cd 24.6 10.7 17.6c¢c
12 Bolero 16.6 13.8 15.2b 26.7 18.6 22.6 bc
13 Urunlu 22.8 11.0 169a 57.7 19.1 38.4a
14 Golyazi 12.4 10.7 11.5 efg 30.2 18.5 24.4 be

Mean 15,2 A** 10.3B 12.7 32.1 A** 15.2B 23.6

**Significance at P<0.01, CV (protein): %15.28, CV (protein yield): %20.67 / **%1 seviyesinde énemli

Acid detergent fiber and neutral detergent fiber
ratios

ADF and NDF ratios of pea genotypes are
provided in Table 4. As the average of two years,
the lowest ADF ratio (27.6%) was obtained from
Retna genotype and it was followed by Spring Pea

3-638, Bolero and Spring genotypes which were
placed in the same statistical group. The greatest
ADF ratio was obtained from P57B genotype.
Two-year average ADF ratio of the genotypes was
calculated as 31.6%.

Table 4. Acid detergent fiber and neutral detergent fiber ratios of forage pea genotypes for 2014 and 2015 years and

averages

Cizelge 4. Yem bezelyesi genotiplerinin 2014 ve 2015 yillari ve ortalamalarina ait asit deterjanda ve nétral deterjanda

¢6ziinmeyen lif oranlari

ADF (%) NDF (%)
No Lines and Cultivars ADF (%) NDF (%)
Hat ve Cesitler 2014 2015 Mean 2014 2015 Mean
Ortalama Ortalama
1 88 PO38-4-3-683 334 31.2 32.3 abc** 41.4 415 41.4 b-e**
2 Spring PEA 3-638 27.0 30.4 28.7 de 42.4 38.0 40.2 c-f
3 P57B 35.2 34.6 349a 42.0 46.0 44.0a
4 P51 344 30.2 32.3 abc 45,5 41.2 43.3 ab
5 P101 33.2 33.7 33.4ab 43.4 44.8 44.1a
6 P104 29.8 35.0 32.4 abc 37.9 44.3 41.1 b-e
7 Atos 33.7 30.5 32.1 abc 41.0 37.2 39.1 ef
8 Ozkaynak 30.4 34.8 32.6 abc 41.2 43.8 42.5 abc
9 Retna 26.4 28.8 27.6e 34.1 42.1 38.1f
10 Gatem 101 294 334 31.4 bed 37.3 42.9 40.1 def
11 Spring 27.6 334 30.5 b-e 40.1 433 41.7 bed
12 Bolero 30.9 27.8 29.3 cde 40.8 44.0 42.4 ad
13 Urunlu 27.8 343 31.0 bed 38.5 42.1 40.3 c-f
14 Golyazi 33.8 32.6 33.2ab 42.7 40.1 41.4 b-e
Mean 30.98B 32.2 A* 31.6 40.6 B 42.2 A** 41.4

*Significant at P<0.05, **Significance at P<0.01, CV (ADF): %8.26, CV (NDF): %5.98 / *%5 seviyesinde, **%1 seviyesinde

6nemli

The lowest NDF ratio (38.1%) was obtained
from Retna genotype and it was followed by Atos,
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Gatem, Urunlu and Spring Pea 3-638 genotypes
which were placed in the same statistical group.
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The greatest NDF ratios were obtained from P101
and P57B genotypes. Two-year average NDF ratio
of the genotypes was calculated as 41.4%. In
2015, higher ADF and NDF ratios were obtained
than the 2014 year.

ADF and NDF ratios were reported respectively
as between 21.5-40.5% and between 32.3-54.3%
(Ates, 2012; Tan et al., 2013; Asci et al., 2015).
Present findings were quite similar with those
earlier ones.

Digestible dry matter, dry matter intake and
relative feed value

DDM and DMI ratios of pea genotypes are
provided Table 5. As the average of two years, the
greatest DDM ratio (67.4%) was obtained from
Retna genotype and it was followed by Spring Pea
3-638, Bolero and Spring genotypes which were
placed in the same statistical group. The lowest
DDM ratio was obtained from P57B genotype.
Two-year average DDM ratio of the genotypes
was calculated as 64.3%.

Table 5. Digestible dry matter and dry matter intake ratios of forage pea genotypes for 2014 and 2015 years and averages
Cizelge 5. Yem bezelyesi genotiplerinin 2014 ve 2015 yillari ve ortalamalarina ait sindirilebilir kuru madde ve kuru madde

tiiketimi oranlari

DDM (%) DMI (%)
No Lines and Cultivars SKM (%) KMT (%)
Hat ve Cesitler 2014 2015 Mean 2014 2015 Mean
Ortalama Ortalama
1 88 PO38-4-3-683 62.9 64.6 63.7 cde** 2.90 2.90 2.90 cde**
2 Spring PEA 3-638 67.9 65.2 66.5 ab 2.83 3.17 3.00 bc
3 P57B 61.5 61.9 6l.7e 2.86 2.62 274 e
4 P51 62.1 65.4 63.7 cde 2.64 2.92 2.78 de
5 P101 63.0 62.7 62.8 de 2.77 2.69 2.73 e
6 P104 65.7 61.7 63.7 cde 3.16 2.71 2.94 bcd
7 Atos 62.7 65.1 63.9 cde 2.93 3.26 3.09 ab
8 Ozkaynak 65.2 61.8 63.5 cde 2.91 2.74 2.83 cde
9 Retna 68.4 66.5 67.4 a 3.51 2.85 3.18 a
10 Gatem 101 66.0 62.8 64.5 bcd 3.22 2.80 3.01 bc
11 Spring 67.4 62.9 65.1 a-d 2.99 2.77 2.88 cde
12 Bolero 64.8 67.3 66.1 abc 2.94 2.73 2.83 cde
13 Urunlu 67.3 62.2 64.8 bcd 3.11 2.85 2.98 bc
14 Golyazi 62.6 63.5 63.0de 2.81 2.99 2.90 cde
Mean 64.8 A* 63.8B 64.3 2.97 A** 2.86B 291

*Significant at P<0.05, **Significance at P<0.01, CV (DDM): %3.16, CV (DMI): %6.43 / *%5 seviyesinde **%1 seviyesinde

énemli

Table 6. Relative feed value of forage pea genotypes for 2014 and 2015 years and averages
Cizelge 6. Yem bezelyesi genotiplerinin 2014 ve 2015 yillari ve ortalamalarina ait nispi yem degeri

No Lines and Cultivars RFV / NYD

Hat ve Cesitler 2014 2015 Mean / Ortalama
1 88 PO38-4-3-683 141.4 145.2 143.3 b-f**
2 Spring PEA 3-638 149.0 160.0 154.5b
3 P57B 136.2 125.5 1309¢
4 P51 127.0 147.8 137.4 efg
5 P101 135.2 130.8 133.0fg
6 P104 161.1 129.7 145.4 b-e
7 Atos 142.3 164.8 153.6 bc
8 Ozkaynak 147.3 131.4 139.4d-g
9 Retna 186.2 146.8 166.4 a
10 Gatem 101 164.6 136.6 150.6 bcd
11 Spring 156.3 135.0 145.6 b-e
12 Bolero 147.9 142.2 145.0 b-e
13 Urunlu 162.3 137.7 150.0 bcd
14 Golyazi 136.2 147.3 1419 c-g

Mean 149.5 A** 141.5B 145.5

**Significance at P<0.01, CV (RFV): %8.45 / **%1 seviyesinde énemli
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The greatest DMI ratio (3.18%) was obtained
from Retna genotype and it was followed by Atos
genotype which was placed in the same statistical
group. The lowest DMI ratios were obtained from
P101 and P57B genotypes. Two-year average DMI
ratio of the genotypes was calculated as 2.91%.

RFV ratios of pea genotypes are provided Table
6. The greatest RFV (166.4) was obtained from
Retna genotype and the lowest RFV was obtained
from P57B genotype. Two-year average RFV of
the genotypes was calculated as 145.5. In 2014,
higher DDM, DMI and RFV ratios were obtained
than the 2015 year.

Kocer and Albayrak (2012) carried out an
intercropping study and reported DDM ratio of
pure stand forage pea as 68.03% and RFV as
167.27. Current findings were similar with those
earlier ones.

Correlations analysis between in investigated
traits

Basic correlation coefficients calculated for
correlations between investigated traits are
provided in Table 7. Plant height had significant
positive correlations with hay vyield and ADF
ratios. Plant heights had also significant positive
correlations with herbage yield and NDF ratios.
Plant height had negative correlations with crude
protein ratio, DDM, DMI and RFV.

Herbage yield had highly significant positive
correlations with hay vyield and crude protein
yield, had significant positive correlations with
DMI and RFV and had significant negative
with  NDF. There

significant positive correlations between hay yield

correlation were highly
and crude protein yields. Crude protein ratio had
highly significant positive correlations with crude
protein yield, crude ash, DDM, DMI and RFV and
had highly significant negative correlations with

ADF and NDF.

Table 7. Correlations analysis between investigated traits”
Cizelge 7. incelenen ézellikler arasindaki korelasyon analizi

HEY HAY cp CPY ADF NDF DDM DMI RFV
yov Kov HP HPV ADF NDF SKM KMT NYD
PH 0219 0461 0258 o3z .04 0369 0242 0369 0242  -0315
BB * * % * k% * * % * * %
HEY 0.826 0.501 -0.215 0216 0217
vou o 0.059 2. -0.067  -0.149 < 0.149 " "
HAY 0098 °M9 013 0010 0109 0010 0123 0099
KoV **
cP 0835 0625 0532 0472 0532 0449  0.527
HP * % %%k %%k * % * % * %
CPY 0492  -0480  -0486 0480 0477 0532
cA 0248 goos 028 006 0133
HK * *
ADF 0579  -1.000  -0.571  -0.787
NDF -0.580  -0.994  -0.951
DDM 0571  0.787
DMI 0.955
KMT **

+ Correlation coefficients for 2014 and 2015, * Significant at 5%, ** Significant at 1%

PH: Plant height, HEY: Herbage yield, HAY: Hay yield, CP: Crude protein ratio, CPY: Crude protein yield, CA: Crude ash, ADF:
Acid detergent fiber, NDF: Neutral detergent fiber, DDM: Digestible dry matter, DMI: Dry matter intake, RFV: Relative feed
value.

+ 2014 ve 2015 yillari igin korelasyon katsayilari * %5 diizeyinde 6nemli, ** %1 diizeyinde 6nemli,

BB: Bitki boyu, YOV: Yesil ot verimi, KOV: Kuru ot verimi, HP: Ham protein orani, HPV: Ham protein verimi, HK: Ham kiil, ADF:
Asit deterjanda ¢éziinmeyen lif, NDF: Nétral deterjanda ¢6ziinmeyen lif, SKM: Sindirilebilir kuru madde, KMT: Kuru madde
tiiketimi, NYD: Nispi yem dederi
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Crude protein yield had highly significant
positive correlations with crude ash, DDM, DMI
and RFV and had highly significant negative
correlations with ADF and NDF. There were
significant positive correlations between crude
ash and DDM and significant negative correlations
between crude ash and ADF. ADF ratio had highly
significant positive correlations with NDF and had
highly significant negative correlations with DDM,
DMI and RFV. NDF had highly significant negative
correlations with DDM, DMI and RFV. DDM had
highly significant positive correlations with DMI
and RFV. There were also highly significant
positive correlations between DMI and RFV.

Conclusion

Significant correlations were found between
yield and quality attributes in the study. In
present study, the highest plant height was
obtained from Golyazi, the greatest herbage yield,
crude protein ratio and crude protein yield from
Urunlu, the greatest hay yield from P101, the
lowest ADF and NDF ratios and the greatest DDM,
DMI and RFV from Retna genotypes. Considering
present findings, Urunlu cultivar with higher
herbage vyield, crude protein ratio and crude
protein yield and Retna cultivar with low ADF and
NDF ratios and higher DDM, DMI and RFV showed
superior properties. As such, Urunlu and Retna
can be recommended for forage pea culture.
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(074

Bu calisma, kislik sebzelerden, yiliksek kikirt icerigine bagh kikirtli esensiyel amino
asitlerden sistein ve methionini 6nemli diizeyde icerdigi bilinen brokoli ve pirasa bitkilerinde,
kiikirt ve diger besin elementleri ile bu sebzelerin igerdikleri kikirtli amino asit miktarlar
arasindaki iliskileri ortaya koymak amagl yurttiilmastir. Buna yonelik; Ege Bolgesi sebze
yetistiriciliginde énemli bir merkez durumunda olan izmir ili Torbali ilgesinden, brokoli ve
pirasa yetistiriciliginin yaygin bir sekilde yapildigi alanlardan toprak ve bitki 6rnekleri alinarak
analiz edilmistir. 0-30 cm derinlikten alinan toprak drneklerinin fiziksel kimyasal 6zellikleri ile
verimlilik durumlari saptanmis, bitki yapraklarinda ise basta kiikiirt olmak Gizere besin elementi
icerikleri belirlenmistir. Bitkilerin tiiketilen kisimlarinda; pirasada tim bitki, brokolide ise bas
kisimlarinda; sistein ve methionin miktarlari belirlenmistir. Bitkilerin kikirtli amino asit
icerikleri ile toprak ve bitki 6rneklerinin kiikiirt ve diger bitki besin maddesi icerikleri arasindaki
iliskiler ortaya koyulmustur. Arastirma sonuglarina gore; brokoli bitkisinin yaprak makro besin
elementlerinden; K, Ca ve S icerikleri ile sistein ve methionin igerikleri arasinda pozitif iligkiler
belirlenirken pirasa bitkisinin incelenen yaprak besin elementleri ile sistein methionin igerikleri
arasinda herhangi bir iliski belirlenmemistir. Makro besin elementlerinin brokoli bitkisinin
sistein ve methionin igeriklerini arttirmasi hususu, glibreleme uygulamalarinda dikkate
alinmalidir.

Anahtar Kelimeler: Brokoli, Pirasa, Besin elementleri, Sistein, Methionin

ABSTRACT

This study was conducted with the aim of showing the correlation between the amounts of
sulfur and other nutrient elements and sulfurous amino acids in broccoli and leeks, winter
vegetables which are known to have a high sulfur content related to their significantly high
content of the sulfurous amino acids cysteine and methionine. For this purpose, soil and plant
samples were taken and analyzed from areas of Torbali district in izmir province, an important
center of vegetable-producing in the Aegean Region of Turkey where broccoli and leeks are
widely grown. The physical and chemical characteristics of samples taken from depths of 0-30
cm and their fertility were determined, as was the nutrient, particularly sulfur, content of the
plant leaves. Amounts of cysteine and methionine were determined in the edible parts of the
plant — in leeks, the whole plant, and in broccoli the heads. The relationship between the
sulfurous amino acid content of the plants and the sulfur and other plant nutrient material
contents of the soil and plant samples was determined. According to the results of the study,
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there was a positive correlation between the content of the leaf macro nutrient elements K, Ca and S and the cysteine and

methionine content of broccoli, but no correlation was found between the leaf nutrient elements examined and cysteine and

methionine content in leeks. The fact that macro nutrient elements increase the cysteine and methionine content of broccoli

plants should be taken into account when applying fertilizer.

Key Words: Broccoli, Leeks, Nutrient elements, Cysteine, Methionine

Giris

Ulkemizde kislik sebze olarak yogun tiiketilen
pirasa ve brokoli bitkileri, 6zellikle Ege, Akdeniz ve
Gliney Marmara Bolgelerinde yaygin sekilde
yetistirilmektedir. Tlrkiye’de brokoli 25.481 da
alanda 46.353 ton, pirasa ise 79.908 da alanda
231.678 ton Uretim miktarina sahiptir. Brokoli
Uretiminde izmir, 13.124 ton ile Antalya ve
Mersin’in onlinde ilk sirada yer alirken; pirasada
19.533 ton
Samsun’dan sonra doérdiincii siradadir (TUIK,
2016).

Brassicaceae familyasi sebzeleri arasinda yer

Uretim ile Bursa, Mersin ve

alan Avrupa ve Amerika’da genis alanlarda
yetistirilen ve sevilerek tiketilen brokolinin, son
yillarda Ulkemizde de lretim ve tiketim miktari
hizla artmaktadir. Ozellikle saghk Uzerine olan
olumlu etkilerinin anlagilmasi, brokoliye olan
talebi arttirmaktadir (Esiyok, 1996; Bozokalfa ve
ark., 2003).
glukozinolatlar gibi bioaktif bilesenlerin zengin bir

Brokoli, igerdigi flavonoid ve

kaynagi olup icerdigi indoller, stlforafan, beta-
karoten, selenyum, ditiyoltiyonlar, quersetin,
lutein, C ve E vitaminleri agisindan da insan sagligi
izerinde cok faydali bir sebzedir. Ozel selilozik
yapisi nedeniyle bagirsaklardaki zehirli maddeleri
ve agir metalleri uzaklastirarak koruyucu bir etki
gdstermektedir (Anonim, 2002; Unsal ve Hayoglu,
2018).

Zambakgiller (liliaceae) familyasindan olan
pirasa, ytlin her mevsiminde ve genellikle gévdesi
icin kismen de yapraklar icin vyetistirilen bir
bitkidir. Kislik sebze olarak kullanilan ve bitin
bolgelerimizde Uretilip tiketilen pirasa, ozellikle
kara ikliminin hikim slrdigli bolgelerimizde
kishk sebze tliketiminin cok dnemli bir bolimini
olusturmaktadir (MEGEP, 2013).

insan beslenmesinde énemli bir grup olan
proteinler ve yapitaslari amino asitleri icerdigi

bilinen bu sebzelerin amino asit iceriklerinin

belirlenmesi insan sagligl acgisindan Onem arz
etmektedir. Bir makro besin elementi olan kikurt,
bitkilerde dizenli bliiyime, yiksek verim ve Urin
kalitesi Gizerine etkileri olan temel elementlerden
biridir. bitkilerdeki  en
fonksiyonu; sistin, sistein ve methionin gibi amino

Kakuardin onemli
asitlerin temel yap! tasi olmasidir. Bu amino
asitler proteinlerin olusumunda goérev almakla
birlikte, glitatyon, tiamin, biyotin, koenzim A ve
lipoik asit gibi ©6nemli bilesiklerin de 0Oncli
(Wielebski, 2015). Bu
kikurt; bitkilerde, sistein ve methionin aminoasit

maddesidir baglamda
icerigini etkileyerek ve azot metabolizmasinda
oynadigi rol ile verimi arttirmaktadir (Wielebski,
2015).
Viicutta biyokimyasal tepkimelerle diger
bilesiklerden sentez edilemedikleri i¢in besinlerle
glnlik alinmalari gereken ve protein sentezinde
kullanilan bazi aminoasitler; esansiyel
aminoasitler olarak adlandirilirlar. Kiikirtli amino
asitlerden sistein ve methionin de bu gruba
girmektedir. Brassica ve Liliaceae familyasina ait
bitkiler iyi birer protein kaynag olup ozellikle
kikirt iceren gerekli bitliin aminoasitleri icerirler
Kadam 1998). Bu

konusunu

(Salunkhe ve baglamda,
bitkilerde

ylksek kakurt icerigine bagli artmasi beklenen

arastirmanin olusturan
kiikirtli aminoasitlerden sistein ve methioninin
tespiti, pratikte insan beslenmesi agisindan buyiik
Onem tasimaktadir.

Bu calismada, brokoli ve pirasa yetistiriciliginin
Torbali
ilcesinde basta kikilrt olmak Uzere toprak ve

yaygin bir sekilde vyapildigi izmir ili
bitkide besin elementi iceriklerine bagh kikirtll

aminoasit iceriklerinin belirlenmesi
amaclanmistir. Ayrica, s6z konusu bu bitkilerin
sistein ve methionin icerikleri ile kukirt ve diger
bitki besin maddeleri arasindaki iliskiler ortaya

konulmustur.
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Materyal ve Yontem

Materyal

Arastirma, 2012-2013 dretim doneminde,
izmir-Torbali ilgesinde, brokoli ve pirasa
yetistiriciligi ~ yapilan  Uretici  bahgelerinde
ylrGtllmasttr. Arastirma materyalini, bolgeyi

temsil edecek sekilde segilen 30’ar adet pirasa ve
brokoli bahgesinden alinan toprak ve bitki

ornekleri olusturmusgtur.

Yéntem
Toprak érneklerinin alinmasi ve analiz yontemleri
Eylil ayinda, ekim dncesi, 0-30 cm derinlikten
toprak ornekleri alinmis ve hava kurusu hale
getirilerek 2 mm’lik elekten gegirilip analize hazir
hale getirilmistir (Kacar, 1995). Toprak reaksiyonu
ve suda ¢oziinebilir toplam tuz, su ile doyurulmus
toprak camurunda pH metre ve EC metre ile
(Jackson, 1967; Anonim, 1993), kire¢ Scheibler
kalsimetresi ile voliimetrik (Kacar, 1995), organik
madde titrimetrik (Schlichting ve Blume, 1966),
1951)
yontemler ile belirlenmistir. Toplam N; modifiye

binye ise hidrometrik (Bouyoucos,
Kjeldahl (Bremner, 1965) yontemi ile alinabilir P
ise NaHCOs; ile ekstrakte edilen stiziiklerde
kolorimetrik (Olsen ve ark., 1954) ydntemle
belirlenmistir. 1 N NH4OAc ile ekstrakte edilen
orneklerde; alinabilir K, Ca flame fotometre
(EPPENDOREF) (Pratt, 1965) ile; Mg, Fe, Zn, Mn, Cu
ise 0.05 M DTPA+TEA ile ekstraksiyon sonrasi elde
edilen stzuklerde Atomik Absorbsiyon
Spektrofotometre (VARIAN AA 240 FS) cihazi ile
1978).

Topraklarin alinabilir S0,° icerikleri ise KH,PQy ile

belirlenmistir  (Lindsay ve Norvell,

ekstraksiyon sonrasi spektrofotometre yardimiyla

turbidimetrik olarak belirlenmistir (Fox ve ark.,
1964; Kacar, 2009).

Bitki 6rneklerinin  alinmasi bitki analiz

yéntemleri

ve

Bitki ornekleri, brokoli bitkisinde bas olusum
doneminde, pirasa bitkisinde ise olgunluk oncesi
(sap kalinhgi>1 cm) doéneminde alinmistir (Kacar
ve inal, 2008). Alinan érnekler, buz ¢antasinda
laboratuvara getirilerek c¢cesme ve saf sudan
sonra bir kismi

gecirildikten uygun sekilde
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parcalanip taze olarak vakumlanmis ve aminoasit
belirlemeleri igin -20°C de saklanmistir. Orneklerin
kalan kismi ise 65°C de sabit tartima gelene kadar
kurutulduktan sonra 6gutilmis ve analize hazir
hale getirilmistir (Kacar ve inal, 2008).

Bitkilerin toplam N igerikleri, modifiye Kjeldahl
yontemine gore (Bremner, 1965) belirlenmistir.
Kuru yakma (550°C’de kiil haline getirilerek 3 N
HCl ile ¢ozindiridlmis) yontemi ile elde edilen
¢ozeltilerde; P, vanado molibda fosforik asit sari
renk yontemi ile kolorimetrik; K, Ca flame
fotometrik; Mg, Fe, Cu, Zn ve Mn miktarlari ise
AAS cihazinda dlgllerek belirlenmistir (Kacar,
1984). Bitki kakart  (SO4-S),
tlrbidimetrik yontemle belirlenmistir (Kacar ve
inal, 2008).

Sebze

ekstraktlarinda

kikdartld amino asit

belirlemeleri, Phenomenex EZ: faast (easy-fast

orneklerinin
amino acid sample testing kit, Phenomenex
Company) hazir kitleri kullanilarak yapilmistir.
Kullanilan yontem parametreleri: Inlet sicaklig:
250°C, Detektdr sicakligi: 320°C, Kolon: length * id
= 10 m.*0,25 mm., Oven: 110°C’den 320°C’ ye
(32°C/min artislarla), He: 60 kPa, Split orani: 1:15
(Mustafa et al., 2007) olup calisilan sebze grubu
icin yontemde gerekli modifikasyonlar yapilmistir.

Bulgular ve Tartisma

Topraklarin bazi fiziksel ve kimyasal 6zellikleri
Bitki gruplarina gore alinan toprak orneklerinin
bazi fiziksel ozelliklerine

ve kimyasal iliskin

maksimum, minimum ve ortalama degerler

Cizelge 1’de verilmistir.

Sonuglarinin  degerlendirilmesinde  uygulanan
istatistik yéntemler

Her iki bitki cesidinin yaprak besin element
iliskin verilerin normal dagilima
IBM SPSS 25

programinda Shapiro-Wilk testiyle belirlenmistir.

iceriklerine

uygunlugu, Version paket
Test sonuclari, yaprak besin elementi iceriklerinin
Bu

nedenle, yaprak besin elementi ile bitki amino ait

normal dagilima uymadigini gbéstermistir.
(sistein ve methionin) icerikleri arasindaki iliskiler
test

Spearman korelasyon testi ile belirlenmistir.

parametrik  olmayan yontemlerinden
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Cizelge 1. Brokoli ve pirasa topraklarinin bazi fiziksel ve kimyasal 6zellikleri

Table 1. Some physical and chemical properties of broccoli and leek soils

%

Bitki Degisim oH Organik
Plant araligi Toplam tuz Kireg madde Kum Kil Mil
Range Total salt Lime Organic Sand Clay Silt
matter
- /\'\2;2 7.14 0.030 2.2 0.82 26.24 7.76 7.28
BRS Maks.
S S M. 7.82 0.048 18.20 2.73 84.96 41.76 42.56
@ 5§
g;;- 7.51 0.040 8.80 1.90 64.05 28.95 32.80
Vin. 7.12 0.030 2.10 0.76 22.24 6.32 7.28
© L n.
8 Y A'\gaks' 7.82 0.048 21.50 3.22 81.68 40.48 40.00
g~ ax.
SCZ 7.50 0.040 8.31 1.84 61.86 28.96 29.09
Cizelge 1 incelendiginde, her iki bitki ¢esidine topraklarinda organik glibre uygulamasinin

7,50
civarinda olup hafif alkali (7,4-7,8) reaksiyon

ait topraklarin, ortalama pH degerleri;
gostermektedir (Kellog, 1952). Farkh arastiricilar,
brokoli ve pirasa yetistiricilig§inde en uygun toprak
pH’sinin 6-7,5 arasinda degisen notr/hafif alkali
tepkimeli topraklar oldugunu pirasa ve brokoli
yetistiriciliginde asit topraklardan kacinilmasi
gerektigini bildirmislerdir (Yoldas ve Esiyok, 2004;
MEGEP, 2013). Bu
kapsaminda incelenen yoére topraklari, pH yoni ile

baglamda; arastirma
ele alinan her iki sebze cesidi icin uygundur.
Ortalama suda ¢oziinebilir % toplam tuz igerikleri,
her iki sebze cesidine ait topraklarda ayni olup %
0,040
herhangi bir tehlike (< %0.15) icermemektedir
(U.S. Soil Survey Staff, 1951).

Brokoli

bulunmustur.  Tuzluluk  bakimindan

ve pirasa yetistirilen topraklarin
ortalama CaCOs icerikleri sirasiyla; % 8.80 ve %
8.31 olarak saptanmistir. Buna gore; her iki sebze
cesidinin yetistirildigi yore topraklari, kirecce
zengindir (% 5-10) (Evliya, 1960). Kiregce zengin
topraklar, brokoli ve pirasa yetistiriciligi icin uygun
degildir (Yoldas ve Esiyok, 2004; MEGEP, 2013).
Topraklarin ortalama organik madde kapsamlari,
brokoli topraklarinda % 1.90; pirasa topraklarinda
ise % 1.84 olarak belirlenmistir. Buna gore; her iki
sebze cesidine ait topraklarin geneli, humusca
fakir (< % 2) durumdadir (Akalan, 1965). Elde
edilen sonuglar; organik maddece zengin
topraklarda iyi gelisme gosterdigi bilinen (Yoldas

ve Esiyok, 2004; MEGEP, 2013) sebzeler icin yore
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gerekliligini  ortaya koymaktadir. Blnyeleri;
tin/kumlu-tin tespit edilen brokoli topraklarinin; %
kum, kil ve mil icerikleri sirasiyla; 26.24-84.96,
7.76-41.76 ve 7.28-42.56 arasinda degisirken,
tin/killi-tin
topraklarinin ise % kum, kil ve mil igerikleri
siraslyla; 22.24-81.68, 6.32-40.48 ve 7.28-40.0

arasinda degisim gostermistir (Cizelge 1). Sebze

blnyeli tespit edilen pirasa

tariminda ideal oldugu bildirilen gecirgenligi
yuksek hafif blinyeli topraklara (Yoldas ve Esiyok,
2004; MEGEP, 2013) gore nispeten agir bulunan
yore topraklarina organik glibre uygulanmasi,

blinyenin olumsuz etkisini de azaltacaktir.

Topraklarin besin elementi icerikleri
Arastirma alani topraklarinin toplam azot ile

alinabilir bazi makro besin elementi igerikleri

Cizelge 2’te verilmistir.

brokoli

topraklarin toplam azot igeriklerinin % 0.043-

Cizelge incelendiginde; yetistirilen
0.155, pirasa yetistirilen topraklarin ise % 0.044-
0.158 arasinda degistigi gorilmektedir. Buna
gore; brokoli topraklarinin yaklasik olarak % 7’si
fakir (%0.045-0,09), % 43’G orta (% 0.05-0,10), %
40"1 iyi (% 0.10-0.15) ve % 10’u zengin (% 0.15<)
iken; pirasa topraklarinin % 10’u fakir, % 63’U
orta, % 20si iyi, % 7’si zengin sinifinda yer almistir
(FAQ, 1990; Zengin, 2012).

Topraklarin alinabilir fosfor icerikleri; brokoli
topraklarinda, 4.20 — 28.0 mg kg, pirasa

topraklarinda ise 3.80 — 38.0 mg kg’ arasinda
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Bu brokoli
topraklarinin yaklasik % 63’0 yeterli (8-25 mg kg’
1), %7'si fazla (>25 mg kg™), % 30’u az (<8 mg kg™)
sinifinda yer alirken; pirasa topraklarinin % 53’0

bulunmustur. degerlere gore;

yeterli, % 7’si fazla, % 40’1 az sinifinda (Zengin,
2012; FAO, 1990) (Cizelge 2).
Topraklarin alnabilir fosfor igeriklerinin toprak

bulunmustur

pH’lariile uyumlu oldugu gorilmustar.

Topraklarin  alinabilir  potasyum igerikleri
brokoli topraklarinda 180-385 mg kg'l; pirasa
topraklarinda ise 140 - 422 mg kg'1 arasinda
bulunmustur (Cizelge 2). Buna gore; brokoli
topraklarinin yaklasik olarak % 73’G yeterli (200-
300 mg kg'), % 17’si yiiksek (300-400 mg kg™) ve
% 10'u (150-200 mg kg);

topraklarinin ise % 43’0 yeterli, % 20’si yliksek, %

dusik pirasa
7’si ¢ok ylksek ve % 10'u noksan dizeyde
potasyum icermektedir (Fawzi ve El-Fouly, 1980).
Alinabilir kalsiyum icerigi 1860-4580 mg kg™
arasinda degisim gosteren brokoli topraklarinin
yaklasik % 53U ¢ok fazla (>3571 mg kg™), % 20’si
fazla (2857-3571 mg kg™), % 13U iyi (2143-2857
mg kg) ve % 13’0 normal (1428-2143 mg kg™)
dizeyde
topraklarinin alinabilir kalsiyum igerigi ise 1350 -

kalsiyum icermektedir. Pirasa
5100 mg kg'1 arasinda degisim gostermis olup
(Cizelge 2) topraklarin % 40’1 ¢ok fazla, %3’l fazla,
% 10’u iyi, % 27’si normal ve % 20 si fakir diizeyde
bulunmustur (Pratt, 1965).

Topraklarin alinabilir magnezyum miktarlari;
brokoli topraklarinda 82-380 mg kg'l; pirasa
topraklarinda ise 85-310 mg kg'1 arasinda
bulunmustur (Cizelge 2).

Pratt (1965)’e
brokoli topraklarinin yaklasik olarak % 33’0 orta
(80-160 mg kg™), % 57'si yiksek (160-350 mg kg’
1), % 10'u cok yiksek (>350 mg kg'); pirasa
topraklarinin ise % 53’U orta, % 47’si yuksek

gore degerlendirildiginde;

diizeyde magnezyum icermektedir.
Topraklarin alinabilir kikdrt (SO4-S) icerikleri
brokoli topraklarinda 1.22 — 15.2 mg kg, pirasa
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topraklarinda ise 5.10 - 16.8 mg kg™ arasinda
degismistir (Cizelge 2). Scott ve ark., (1983)e
gore; brokoli topraklarinin % 60’1 dusik (< 10 mg
kg?), % 401 vyeterli (> 10 mg kg"); pirasa
topraklarinin ise % 401 disik, % 601 yeterli
diizeyde alinabilir kiiklrt icermektedir.

Arastirma alani topraklarinin alinabilir baz
Cizelge 3'de
verilmigtir. Topraklarin alinabilir demir igerikleri,

mikro besin element igerikleri
brokoli topraklarinda 3.80 - 52.6 mg kg'l; pirasa
topraklarinda ise 3.20 - 32.0 mg kg'1 arasinda
(Cizelge 3).
topraklarinin yaklasik olarak % 77’si orta (2.5-4.5
mg kg), % 23'U yiiksek (>4.5 mg kg'); pirasa
topraklarinin ise % 401 orta, % 60’1 ylksek

bulunmustur Buna gore brokoli

diizeyde demir icermektedir (Zengin, 2012).

Topraklarin alinabilir ¢inko igerikleri brokoli
topraklarinda, 0.25 - 2.65 mg kg', pirasa
topraklarinda ise 0.25 — 2.55 mg kg' arasinda
degisim gostermistir (Cizelge 3). Bu degerlere
gore brokoli topraklarinin yaklasik % 3’G fazla
(2.4-8.0 mg kg'), % 23’ yeterli (0.7-2.4 mg kg™)
ve % 73’0 az (0.2-0.7 mg kg™); pirasa topraklarinin
ise % 13’0 fazla, % 30'u yeterli ve % 57’si az
diizeyde cinko icermektedir (FAO, 1990; Zengin,
2012). Alinabilir bakir igerigi, brokoli yetistirilen
topraklarda; 3.60 — 14.6 mg kg'l; pirasa yetistirilen
topraklarda ise 4.20 — 15.8 mg kg' arasinda
degisim gdstermistir (Cizelge 3). incelenen her iki
bitki
diizeyde (>0.2 mg kg*) bakir icermektedir (Zengin,
2012).

Topraklarin alinabilir mangan igerikleri brokoli

cesidine ait topraklarin tamami vyeterli

topraklarinda 3.60 — 14.6 mg kg'; pirasa
topraklarinda ise 4.20 — 15.8 mg kg' arasinda
degisim gostermistir (Cizelge 3). Lindsay ve Norvel
(1978)’e gore degerlendirildiginde her iki bitki
cesidine ait topraklarin tamami alinabilir Mn
yonlyle vyeterli (>1.2 kg™)

icerikleri mg

durumdadir.
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Cizelge 2 Brokoli ve pirasa topraklarina iliskin alinabilir bazi makro besin element igerikleri
Table 2. Some available macro nutrient contents of broccoli and leek soils

Brokoli Pirasa
Broccolli Leek
Ornek No % Alinabilir (mg kg‘ll) % Alnabilir (mg kg‘ll)
Sample No Available (mg kg ™) Available (mg kg™)
T‘;SLZTNN P K Ca Mg  SO4S T‘;SLZTNN P K Ca Mg SO,S
1 0.046 21.0 215 3150 260 5.60 0.102 5.60 325 4510 98 16.2
2 0.105 9.20 280 3810 120 12.0 0.088 420 390 4680 96 16.0
3 0.085 7.10 265 3960 89 12.9 0.105 6.10 365 4440 101 12.8
4 0.055 22.0 220 2920 215 4.20 0.089 7.20 295 4260 120 15.2
5 0.068 4.60 360 4520 84 14.5 0.090 7.60 292 4340 136 12.5
6 0.115 24.0 260 1980 285 6.20 0.101 12.0 215 1920 145 15.4
7 0.120 22.0 315 2810 265 8.40 0.091 38.0 142 1420 310 7.20
8 0.155 4.20 385 4580 82 15.2 0.091 10.0 270 4150 152 16.2
9 0.142 17.0 251 3320 225 6.20 0.097 12.0 285 2810 148 10.2
10 0.105 18.0 246 3210 260 7.10 0.044 18.0 182 1720 210 10.1
11 0.152 15.0 264 3840 180 4.60 0.090 12.0 235 2150 138 5.10
12 0.128 28.0 185 1860 380 1.40 0.090 4.20 422 4910 85 16.8
13 0.102 24.0 210 1960 340 2.60 0.106 14.0 218 1760 196 8.20
14 0.105 26.0 191 1920 360 1.90 0.078 16.0 212 1810 190 8.10
15 0.142 24.0 205 2200 315 2.40 0.101 18.0 185 1620 260 5.40
16 0.098 20.0 200 2680 300 2.60 0.094 14.0 234 2665 195 11.2
17 0.082 7.80 220 3420 240 8.20 0.103 7.20 196 4880 105 12.6
18 0.092 8.60 260 4050 210 12.6 0.045 9.20 241 1785 220 10.3
19 0.096 16.0 255 3540 190 3.50 0.093 3.80 395 5100 88 15.6
20 0.098 6.20 322 4450 84 13.2 0.094 17.0 185 1380 260 6.40
21 0.102 7.60 280 4310 88 14.1 0.194 17.0 260 1615 190 8.50
22 0.122 5.80 294 4540 86 14.8 0.095 6.20 320 4260 112 12.1
23 0.098 6.40 222 4210 92 12.1 0.158 3.80 360 4600 94 14.2
24 0.152 12.0 265 4150 186 11.4 0.091 18.0 265 1580 188 12.7
25 0.043 8.60 285 3940 165 11.9 0.078 4.60 412 4840 92 6.30
26 0.075 10.0 215 3630 192 6.20 0.069 5.20 274 2950 136 7.70
27 0.098 26.0 180 2650 395 1.22 0.098 26.0 146 1410 255 8.30
28 0.092 9.60 265 3860 110 7.10 0.080 18.0 165 1350 220 7.60
29 0.090 10.1 245 3750 160 5.60 0.097 24.0 140 1420 280 10.4
30 0.105 5.80 375 4250 86 14.4 0.048 21.0 172 1360 215 16.8
I\'\Z;: 0.043 4.20 180 1860 82 1.22 0.044 3.80 140 1350 85 5.10
Maks.
Max. 0.155 28.0 385 4580 380 15.2 0.158 38.0 422 5100 310 16.8
S‘:; 0.102 14.2 258 3449 202 8.10 0.093 12.7 260 2923 168 11.2
St. Sapm'a 0.029 7.71 53.6 859.0 985 4.68 0.028 7.98 83.8 1442 64.9 3.73
St. Deviation
Carpiklik
kats. -0.030 0.36 0.80 -0.573 0.37 0.08 1.554 1.20 043 0.291 0.47 0.05
Skewness
coef.
Basikhk kats. i i i
Kl;::;ls -0.041 -1.43  0.31 -0.836 0.95 -1.48 5.768 1.98 081 -1.782 0.83 -1.31
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Cizelge 3 Brokoli ve pirasa topraklarina iliskin alinabilir bazi mikro besin element igerikleri

Table 3. Some micro nutrient contents of broccoli and leek soils

Brokoli Pirasa
Brnek No Broccoli . Leek .
Sample No Alinabilir (mg kg_l) Alinabilir (mg kg_l)
Available (mg kg™) Available (mg kg ™~)
Fe Zn Cu Mn Fe Zn Cu Mn
1 24.6 0.66 2.25 4.10 3.90 0.38 2.32 11.2
2 4.60 0.48 3.11 5.20 3.80 0.34 2.24 10.9
3 3.90 0.42 3.42 4.80 4.00 0.40 2.48 9.80
4 25.8 0.68 2.85 5.60 4.10 0.41 2.64 5.80
5 3.80 0.32 1.98 3.90 4.40 0.50 2.62 6.10
6 26.4 0.78 2.62 5.95 5.20 0.38 2.48 12.6
7 22.1 0.69 3.12 4.20 3.60 2.55 2.70 15.8
8 20.2 0.25 0.80 3.82 5.80 0.46 2.72 10.9
9 19.6 0.67 3.16 5.25 6.20 0.48 2.74 11.2
10 20.6 0.68 3.21 104 16.0 0.52 2.95 12.4
11 18.2 0.62 3.18 4.10 8.10 0.62 3.11 11.8
12 52.6 2.65 4,20 14.6 3.40 0.32 2.01 5.20
13 31.5 1.80 4.00 13.2 9.80 0.74 2.92 11.6
14 36.5 2.30 4,10 139 10.1 0.82 2.82 11.2
15 32.1 1.60 4.30 13.1 18.0 1.05 3.81 13.6
16 28.3 1.20 3.80 129 12.8 0.92 3.11 12.1
17 194 0.75 3.10 9.20 4.40 0.54 2.65 8.20
18 16.5 0.58 3.20 5.20 12.6 0.96 2.98 11.8
19 18.1 0.68 2.20 7.60 3.20 0.25 1.92 4.20
20 4.00 0.32 1.90 3.60 15.4 1.42 4.20 12.6
21 4.50 0.42 2.10 10.1 12.1 0.98 3.18 10.6
22 4.20 0.38 1.98 5.60 4.40 0.40 2.41 5.80
23 4.00 0.48 2.40 9.20 4.10 0.36 2.11 5.20
24 5.20 0.52 3.00 7.20 10.8 1.12 3.25 9.80
25 5.60 0.56 2.60 8.40 3.60 0.28 2.11 4.80
26 16.5 0.66 3.10 6.50 14.5 0.42 2.45 14.2
27 48.4 2.14 4.40 14.1 32.0 2.48 4.55 15.2
28 14.2 0.62 2.60 8.40 20.0 2.52 4.30 14.8
29 15.6 0.59 2.80 7.80 28.0 2.54 4.48 13.8
30 3.80 0.38 1.98 3.90 22.0 2.08 4.36 14.1
/\I\;:: 3.80 0.25 0.80 3.60 3.20 0.28 1.92 4.20
IXIZJI;E' 52.6 2.65 4.40 14.6 32.0 2.55 4.48 18.8
Ort.
Avg. 18.36 0.83 2.92 7.73 10.21 0.91 2.95 10.58
St. Sapma
L 13.19 0.62 0.83 3.58 7.71 0.75 0.76 3.40
St. Deviation
Carpikhk
Kats.
0.85 1.82 -0.16 0.67 1.30 1.41 0.92 -0.55
Skewness
coef.
Basiklik Kats.
Kurtosis 0.55 2.28 0.15 -0.86 1.22 0.67 -0.13 -0.80
coef.
Yapraklarin besin elementi icerikleri Brokoli bitkisinin bas olusum doénemi icin farkh
Brokoli ve pirasa bitkilerinden alinan arastiricilar tarafindan bildirilen, yaprakta azot

yapraklarin bazi makro besin elementi icerikleri
Cizelge 4’te verilmistir.

Brokoli bitkisine ait yaprak azot icerikleri; %
2.88 — 5.03 araliginda belirlenmistir (Cizelge 4).
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yeterlilik diizeylerine gére (Reuter ve Robinson,
1986; Kacar ve inal, 2008; Kacar, 2014) incelenen
brokoli bahcelerinin yaklasik % 93’(i azotca yeterli

(% 3.20 — 5.50) bulunmustur. Pirasa yaprak
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orneklerinin azot icerikleri ise % 4.34 — 5.42
arasinda degismistir. Pirasa bitkisi yapraklarinda
(2008)
yapraklarda azotun yeterli dlizeylerini %4.50-5.50;
Reuter ve Robinson (1986) ise % 4.57 olarak
bildirmislerdir.

olgunluk dénemi icin Kacar ve inal

Buna gobre incelenen pirasa
bahcelerinin yaklasik % 83’liniin azotca yeterli
beslendigi saptanmistir. Her iki bitki ¢esidinin de
azot ait azot

icerikleri, oldugu topraklarin

icerikleriyle de paralellik gostermistir

Brokoli bitkisine ait yapraklarin fosfor igerikleri;
% 0.25 — 0.97 arasinda belirlenmistir (Cizelge 4).
Brokoli bitkisi bas olusum déneminde Reuter ve
Robinson (1986), vyapraklarda yeterli fosfor
miktarlarinin % 0.30 — 0.70; Kacar ve inal, 2008;
Kacar, 2014 ise % 0.30 — 0.75 arasinda oldugunu
bildirmislerdir. Bildirilen degerlere gobre yore
bahcelerinin % 90’1 fosforca yeterli durumdadir.
Pirasa yapraklarinin fosfor icerikleri ise % 0.28 —
0.49 arasinda degisim gdstermistir. Kacar ve inal
(2008), bitkisi
yapraklarinda yeterli fosfor diizeyinin % 0.30 —

olgunluk déneminde pirasa
0.45 arasinda oldugunu bildirmislerdir. Buna gore
incelenen pirasa bahcelerinin yaklasik % 93’lnin
fosforca yeterli durumda oldugu gorilmustdr.

bitkilerine ait

Brokoli yaprak potasyum

icerikleri %2.15 - 4.02 arasinda bulunmustur

(Cizelge 4).
Brokoli bitkisinin bas olusum dénemi igin farkl
arastiricilar  tarafindan bildirilen, yaprakta

potasyumun vyeterli (% 2.0 - 4.0) miktarlarina
gore; incelenen bahcgelerin tamami, potasyumca
yeterlidir (Reuter and Robinson, 1986; Kacar ve
inal, 2008; Kacar, 2014). Pirasa yapraklarinin
% 3.29-5.58 arasinda
degismistir. Pirasa bitkisi yapraklarinda olgunluk

potasyum icerikleri ise
dénemi igin farkh arastiricilar (Kacar ve inal, 2008;
2014) bildirilen

potasyumun yeterli (% 3.5-5.0) diizeylerine gore,

Kacar, tarafindan yaprakta
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incelenen pirasa bahcelerinin yaklasik % 83’Unin

potasyumca yeterli durumda oldugu
gorilmektedir.

Brokoli yapraklarinin kalsiyum igerikleri % 1.37
— 2.79 arasinda belirlenmistir (Cizelge 4). Reuter
and Robinson (1986), brokoli bitkisi bas olusum
déneminde yaprakta kalsiyumun yeterli dizeyini
% 1.0 — 2.50; Kacar ve inal (2008) ve Kacar (2014)
% 1.20 2.50
bildirmislerdir. Farkli

bildirilen yaprakta kalsiyum yeterlilik diizeylerine

arasinda

ise - oldugunu

arastiricilar tarafindan

gore, incelenen brokoli bahgelerinin yaklasik
%93’U kalsiyumca yeterli dlizeyde bulunmustur.
Yorede incelenen pirasa bahcgelerine ait
yapraklarin kalsiyum igerikleri ise % 1.36 - 2.66
arasinda degisim gostermistir (Cizelge 4). Reuter
ve Robinson (1986), pirasa bitkisi yapraklarinda
olgunluk dénemi igin yaprakta kalsiyumun yeterli
miktarlarini % 1.60 olarak bidirirken; Kacar ve inal
(2008) ile Kacar (2014) ise % 1.5 — 2.2 arasinda
degisim gosterdigini bildirmislerdir. Buna gore;
incelenen  pirasa  bahgelerinin  tamaminin
kalsiyumca yeterli durumda oldugu saptanmistir.

Brokoli yapraklarinin magnezyum igerikleri, %
0.20 — 0.80 arasinda tespit edilmistir (Cizelge 4).
%

icin bildirilen

incelenen  brokoli bahgelerinin  yaklasik

83’linlin, bas olusum donemi
yaprakta magnezyumun vyeterli miktarlarina (%
0.23 - 0.75) gore (Kacar, 2014) magnezyum
beslenmesi yoni ile yeterli oldugu gorilmektedir.
Pirasa yapraklarinin magnezyum igerikleri ise %
0.29 — 0.45 arasinda degismektedir. Pirasa bitkisi
farkh

arastiricilar tarafindan bildirilen yaprakta yeterli

yapraklarinda olgunluk dénemi igin

magnezyum miktarlarina (% 0.25 — 0.40) gore
(Kacar ve inal, 2008; Kacar, 2014) incelenen pirasa
bahgelerinin  tamami

magnezyumca yeterli

bulunmustur.



Cizelge 4. Brokoli ve pirasa yapraklarina iliskin bazi makro besin elementi icerikleri
Table 4. Some macro nutrient contents of broccoli and leek leaves
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Brokoli Pirasa
Ornek No Broccoli Leek
Sample No %
N P K Ca Mg  SO,S N P K Ca Mg  SO,S
1 3.16 0.73 3.08 2.15 0.32 0.28 5.14 0.33 4.00 2.42 0.32 0.80
2 5.03 0.70 3.55 2.74 0.30 0.47 5.01 0.35 3.91 2.45 0.32 0.80
3 3.45 0.40 3.78 2.72 0.28 0.48 5.25 0.35 4.00 2.52 0.38 0.75
4 3.62 0.73 3.11 2.05 0.40 0.26 4.45 0.33 4.00 2.32 0.40 0.90
5 3.86 0.28 3.85 2.23 0.22 0.46 4,94 0.38 4.23 2.25 0.42 0.80
6 4,16 0.80 3.20 1.53 0.45 0.28 5.03 0.45 3.82 1.98 0.35 0.80
7 4.49 0.69 3.50 2.01 0.47 0.32 4.79 0.49 3.32 1.77 0.42 0.45
8 491 0.26 4.02 2.79 0.20 0.52 4.52 0.40 3.61 2.30 0.45 0.90
9 4.82 0.86 3.60 2.22 0.65 0.24 4.85 0.40 4.42 1.63 0.35 0.60
10 4.05 0.87 3.60 2.20 0.76 0.30 4.41 0.47 3.61 1.36 0.36 0.65
11 4,51 0.84 3.60 2.42 0.60 0.29 4.50 0.34 4.42 1.60 0.40 0.45
12 433 0.97 2.80 1.37 0.80 0.25 4.50 0.30 3.42 2.66 0.30 0.95
13 426 0.81 3.22 1.51 0.77 0.26 5.28 0.41 3.92 1.69 0.37 0.40
14 4.62 0.86 2.93 1.40 0.80 0.28 4.57 0.36 3.71 1.84 0.33 0.47
15 4.42 0.79 3.10 1.63 0.73 0.35 5.22 0.39 3.63 1.56 0.33 0.40
16 3.72 0.76 3.03 1.83 0.70 0.24 4.71 0.36 3.91 1.74 0.40 0.70
17 3.79 0.48 3.12 2.23 0.80 0.46 5.15 0.38 4.13 2.31 0.40 0.82
18 3.72 0.70 3.35 2.76 0.22 0.50 4.34 0.40 4.39 1.52 0.32 0.80
19 3.70 0.73 3.40 2.22 0.25 0.27 4.66 0.28 4.89 2.53 0.30 0.60
20 3.79 0.44 3.70 2.25 0.22 0.54 4.71 0.44 3.90 1.58 0.40 0.44
21 3.83 0.50 3.48 2.32 0.75 0.53 5.41 0.40 4.49 1.92 0.35 0.43
22 4.60 0.49 3.65 2.79 0.20 0.54 4.73 0.39 4.17 2.57 0.30 0.40
23 3.79 0.50 3.13 2.27 0.60 0.42 5.42 0.28 4.39 2.45 0.30 0.80
24 4.72 0.85 3.70 2.24 0.62 0.45 4.53 0.45 4.07 1.58 0.30 0.85
25 2.88 0.76 3.77 2.29 0.49 0.44 4.75 0.36 5.58 2.49 0.29 0.41
26 3.20 0.69 2.15 2.33 0.70 0.21 4.46 0.39 3.71 1.87 0.30 0.40
27 3.79 0.84 2.92 1.72 0.80 0.29 4.92 0.44 3.29 1.66 0.40 0.40
28 3.90 0.54 3.42 2.52 0.78 0.25 4.50 0.44 3.39 1.79 0.38 0.42
29 3.86 0.62 3.74 2.38 0.49 0.24 4.85 0.42 3.49 1.68 0.39 0.44
30 4.06 0.25 3.84 2.75 0.20 0.56 4.43 0.45 3.60 1.88 0.40 0.60
I\'\:II:: 2.88 0.25 2.15 1.37 0.20 0.21 4.34 0.28 3.29 1.36 0.29 0.40
l)\/l/la;l;s'. 5.03 0.97 4.02 2.79 0.80 0.56 5.42 0.49 5.58 2.66 0.45 0.90
E‘:; 4.03 0.66 3.38 2.20 0.52 0.37 4.80 0.39 3.98 2.00 0.36 0.62
s;.tsEgr;ra 053 020 040 042 023 012 032 005 049 039 005 0.9
Carpikhik
Skg\?\/trféss -0.02 -0.69 -0.95 -0.45 -0.18 0.33 0.46 -0.23 1.22 0.25 0.07 0.16
coef.
Basiklik Kats.
Kurtosis -0.40 -0.49 1.57 -0.50 -1.61 -1.58 -0.96 -0.40 2.56 -1.47 -1.25 -1.65
coef.
Brokoli vyapraklari  kukirt (SO4-S) icerikleri, arastiricilar tarafindan pirasa bitkisi yapraklarinda

% 0.20-0.57 arasinda bulunmustur (Cizelge 4).
Bulgularimiz, brokoli bitkisi yapraklarinda, bas
kiktrt
diizeylerine (% 0.30 — 0.75) gore (Kacar ve inal,
2008; Kacar, 2014), yoredeki brokoli bahgelerinin
%50’si kukirt beslenmesi yonu ile yetersizdir.

olusum doénemi icin bildirilen vyeterli

Pirasa yapraklarinin kikirt (SO4-S) igerikleri ise %
0.40 - 0.90 arasinda tespit edilmistir. Cesitli
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kiikirdun yeterli dizeyi, % 0.30 — 0.75 olarak
bildirilmistir (Kacar ve inal, 2008; Kacar, 2014).
Bildirilen yeterlilik dizeylerine gore, incelenen
pirasa bahcgelerinin yaklasik % 43’tGniin kikiirtce
yetersiz beslendigi goriilmustir. incelenen her iki
bitki cesidinin yapraklarinda belirlenen N, P, K, Ca,
Mg ve S icerikleri, ayni elementlerin topraklardaki
alinabilir miktarlari ile uyum gostermektedir.
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Cizelge 5 Brokoli ve pirasa yapraklarina iliskin bazi mikro besin elementi icerikleri
Table 5. Some micro nutrient contents of broccoli and leek leaves

Brokoli Pirasa
Ornek No Broccoli Leek
Sample No mg kg'l
Fe Zn Cu Mn Fe Zn Cu Mn
1 140 33.0 5.10 27.0 58.0 22.0 20.0 102
2 134 28.0 4.40 58.0 52.0 22.0 20.0 105
3 67.0 28.0 4.60 32.0 55.0 24.0 21.0 148
4 115 27.0 4.80 26.0 56.0 51.0 21.0 150
5 66.0 28.0 4.90 28.0 59.0 24.0 26.0 149
6 149 86.0 8.30 34.0 102 24.0 21.0 144
7 131 31.0 6.30 28.0 58.0 94.0 30.0 165
8 68.0 31.0 4.60 29.0 118 22.0 24.0 150
9 177 35.0 9.00 38.0 124 27.0 21.0 155
10 168 35.0 104 67.0 123 22.0 26.0 150
11 145 32.0 7.00 35.0 135 22.0 26.0 143
12 198 102 16.4 73.0 50.0 22.0 23.0 109
13 188 98.0 104 76.0 124 71.0 20.0 148
14 176 123 10.1 78.0 129 73.0 24.0 146
15 180 96.0 8.00 77.0 207 76.0 29.0 108
16 102 92.0 5.10 72.0 170 72.0 25.0 148
17 155 27.0 7.40 63.0 58.0 27.0 26.0 163
18 118 29.0 5.90 48.0 126 59.0 24.0 150
19 124 32.0 6.30 43.0 56.0 22.0 26.0 106
20 65.0 31.0 5.10 38.0 240 61.0 29.0 145
21 63.0 36.0 7.20 61.0 134 83.0 27.0 159
22 65.0 34.0 9.70 37.0 57.0 28.0 26.0 180
23 141 27.0 7.10 36.0 55.0 24.0 29.0 104
24 124 31.0 7.70 34.0 125 23.0 35.0 138
25 129 31.0 5.00 36.0 51.0 28.0 26.0 100
26 107 28.0 7.80 36.0 131 26.0 31.0 146
27 190 124 15.5 61.0 298 81.0 33.0 170
28 140 30 5.00 38.0 277 91.0 34.0 151
29 126 27 5.50 34.0 268 85.0 30.0 150
30 66.0 32 4.90 33.0 240 95.0 36.0 197
/\“2;2 63.0 27 4.40 26.0 50.0 22.0 20.0 100
'Xlﬂiilj(s.' 198 124 16.40 78.0 298 95.0 36.0 197
,A(\)vr; 127 48 7.30 46.0 125 47.0 26.0 143
St. Sapma
St. 42.3 32 3.00 17.4 76.0 27.8 4.57 24.2
Deviation
Carpiklik
Kats. -0.16 1.5 1.67 0.73 0.96 0.56 0.45 -0.32
Skewness
Coef.
Basiklik
Kats. -0.97 0.6 2.96 -1.04 -0.10 -1.47 -0.50 -0.06
Kurtosis
coef.
Brokoli ve pirasa yapraklari Fe, Cu, Zn ve Mn arasinda degisim gostermistir. Pirasa bitkisi
icerikleri Cizelge 5° de verilmistir. Brokoli yapraklarinda olgunluk doénemi icin farkh

bitkilerine ait yaprak demir icerikleri; 63 - 198 mg

kg™
incelenen bahgelerin yaklasik % 77’sinin demirce

arasinda saptanmistir. Bu verilere gore,

yeterli (70-300 mg kg™) beslendigi gorilmektedir
2008; Kacar, 2014).
yapraklarinin demir icerikleri ise 50 - 298 mg kg™

(Kacar ve inal, Pirasa
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arastiricilar tarafindan bildirilen yaprakta demir
yeterlilik duizeylerine (60 - 300 mg kg™) (Kacar ve
inal, 2008; Kacar, 2014) gore incelenen pirasa
% 60"

bahcelerinin yaklasik demirce yeterli

durumdadir.
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Brokoli bitkilerine ait yaprak cinko icerikleri, 27
- 124 mg kg' arasinda degisim gostermistir
(Cizelge 5). Kacar ve inal (2008), brokoli bitkisinde
bas olusum déneminde yaprakta ¢inkonun yeterli
miktarlarinin 35 - 200 mg kg'1 arasinda oldugunu
bildirmislerdir. Buna goére, yoredeki brokoli
bahcelerin yaklasik % 67’si cinko bakimindan
yetersizdir. Pirasa yapraklarinin ginko igerikleri ise
22 - 95 mg kg'1 arasinda bulunmustur. Farkli
arastiricilar, pirasa bitkisi yapraklarinda olgunluk
dénemi icin bildirilen yeterli ¢inko miktarlarinin;
25-100 mg kg'1 arasinda oldugunu bildirmislerdir
(Kacar ve inal, 2008; Kacar, 2014). Buna gore,
incelenen pirasa bahgelerinin yaklasik % 40’1 ginko
bakimindan yetersizdir.

Brokoli bitkileri yaprak bakir igerikleri; 4.40 —
16.4 mg kg'1 arasinda degisim gostermistir. Kacar
(2014), brokoli bitkisinde bas olusum doneminde
bakirin yeterli miktarini 4 - 15 mg kg'1 olarak
bildirmistir. Brokoli bitkisi yapraklarinda bildirilen
bakir yeterlilik diizeylerine gore, yoéredeki brokoli
bahcelerin tamami bakirca yeterli durumdadir
(Cizelge 5). Pirasa yapraklarinin bakir igerikleri ise
20 - 36 mg kg™ arasinda tespit edilmistir. Kacar ve

inal (2008) ile Kacar (2014), pirasa bitkisinin

olgunluk doneminde yapraklarda yeterli bakir
15-35 kg™
Buna gore; incelenen

miktarlarinin mg oldugunu

bildirmiglerdir. pirasa
bahcelerinin tamaminin bakirca yeterli diizeyde
beslendigi saptanmistir (Cizelge 5).

Brokoli ve pirasa bitkilerinin yaprak mangan
kapsamlari sirasiyla; 26 - 78 mg kg'1 ve 100-195
mg kg’ arasinda degisim gostermistir. Farkli
brokoli  bitkisinde bas

déneminde vyaprakta manganin vyeterli

arastiricilar, olusum
sinir
degerlerinin 25 - 200 mg kg'1 pirasada ise 50-250
mg kg'1 arasinda (Kacar ve inal, 2008; Kacar, 2014)
Bildirilen

brokoli bahgelerin

oldugunu bildirmislerdir. yeterlilik
dizeylerine gore, yoredeki
tamami manganca yeterlidir (Cizelge 5).

Makro elementlere benzer olarak, her iki bitki
cesidine ait yapraklarin mikro element (Fe, Cu, Zn,
Mn)

elementlerin alinabilir miktarlari ile uyumludur.

icerikleri, ait olduklari  topraklardaki

Bitki Orneklerinin Kiikiirtlii Aminoasit Icerikleri
Brokoli ve pirasa bahgelerinden alinan bitki

kakartla

methionin) igerikleri Sekil 1’de verilmistir.

orneklerinin aminoasit (sistein ve

®% Sistein

.%,* Methionin

mg kgt

0

Brokoli

Pirasa

Sekil 1. Brokoli ve Pirasa Bitkilerine iliskin Sistein ve Methionin Miktarlari

Figure 1. Cysteine and Methionine Contents of Broccoli and Leek Plants

Sekilden de brokoli
bitkilerinin bas orneklerinde ortalama sistein ve

gorilecegi  Uzere,
methionin miktarlar sirasiyla; 5.63 mg kg?, ve
4.65 mg kg' olarak bulunmustur. Ramirez ve
Whitaker (1999), bir
brokolide sistein miktarini 5.63 mg kg™, methionin

yaptiklar calismada,

miktarini ise 4.63 mg kg™ arasinda belirlemislerdir.
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Farkli brokoli bitkisinde benzer

degerler elde edilmistir (Ukai ve Sekiya, 1999).

calismalarda

Pirasa orneklerinde ortalama sistein ve methionin

icerikleri ise sirasiyla 5.26 mg kg™ ve 4.70 mg kg™

olarak bulunmustur. Eppendorfer ve Eggum

(1996) tarafindan yapilan bir calismada, pirasa
bitkisinde 5.63 mg kg'l,

sistein  miktarlari
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methionin miktarlari ise 4.63 mg kg olarak
belirlenmistir. Calismamizdan elde edilen bulgular
bildirilen
verilerle karsilastirildiginda, birbirleriyle uyumlu

ile diger arastirmacilar tarafindan

olduklari goérilmektedir.

Bitkilerin  Besin  Elementleri ile Aminoasit

Miktarlari Arasindaki iliskiler
Brokoli ve pirasa bitkilerinin besin elementi

icerikleri ile aminoasit miktarlari arasindaki

iliskilere ait korelasyon katsayilari Cizelge 6’da
verilmistir. Brokoli bitkisinin yaprak K, Ca ve S
ile sistein ve methionin

icerikleri icerikleri

arasinda pozitif iliskiler; buna karsin yaprak P, Mg,
Fe, Zn, Cu ve Mn miktarlari ile ise negatif iliskiler
belirlenmigtir. Brokoli bitkisi yaprak N igerikleri ile
amino asit igerikleri arasinda herhangi bir iligki
bulunmamistir. Pirasa bitkisinin ise s6z konusu
yaprak besin elementleri ile amino asit icerikleri
arasinda herhangi bir iliski tespit edilmemistir.
iki bitki
elementleri ile bitki amino asit icerikleri arasindaki

incelenen gesidinin  yaprak besin
iliskilerin farkli ¢cikmasinin, tiketilen kisimlarinin
(amino asit analizi yapilan kisimlarinin) farkli

olmasindan kaynaklanabilecegi diistiiniilmektedir.

Cizelge 6. Bitki Besin Elementleri ile Aminoasit Miktarlari Arasindaki iliskiler

Table 6. The Relationships Between Plant Nutrients and Amino Acids Contents

Brokoli

Besin Elementi Broccoli

Pirasa
Leek

Nutrient Element Sistein Methionin Sistein Methionin

Cysteine Methionine Cysteine Methionine
N 0.679 6.d 0.715 6.d 0.174 6.d 0.066 6.d
P -0.708** -0.750%** 0.191 6.d 0.056 6.d
K 0.701%** 0.773** 0.200 6.d 0.292 6.d
Ca 0.723** 0.747** 0.322 6.d 0.260 6.d
Mg -0.647** -0.676** 0.129 6.d 0.1756.d
S 0.786** 0.758%** 0.050 6.d 0.042 6.d
Fe -0.687** -0.728** -0.2196.d -0.1496.d
Zn -0.439* -0.492* -0.092 6.d -0.203 6.d
Cu -0.440* -0.495* 0.178 6.d 0.208 6.d
Mn -0.440* -0.483* 0.161 6.d 0.076 6.d

*: p<0.05; **: p<0.01; 6.d: Onemli degil

Sebzelerin amino asit igeriklerinin belirlenmesi
ile ilgili calismalar son derece sinirhdir. Ancak
farkh
icerikleri

arastirictlarin - farkli  bitkilerin  aminoasit
bitki

arasindaki iliskileri belirlemeye yonelik yaptiklari

ile besin  maddesi igerikleri
calisma sonuglari, arastirmamizda elde ettigimiz
sonuclar ile uyumludur.

Wang ve Daun (2006), baklagillerin aminoasit
kompozisyonu, mineral madde miktari, kimyasal
bilesimi (zerine cevresel faktorlerin etkisi ile
protein icerigine cesit etkisini belirlemek amaciyla
yaptiklari calismada; bitkilerin mangan, fosfor ve
cinko iceriklerinin, protein icerikleri ile negatif bir
iliski icinde oldugunu bildirmislerdir.

Adak (2009),
glibrelemenin

mercimek bitkisinde kukurtla

aminoasit miktarina  etkisini
arastirdigl calismasinda, kikirt uygulamalariyla

aminoasit miktarinin arttigini, en yiiksek sistein
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miktarinin ylksek kikirt uygulamasinda (0.136 g
/100  g);
miktarinin

en yiksek methionin aminoasit
da 0279 g /100 g kukart
uygulamasinda elde edildigini bildirmistir.

Byers ve Bolton (1979), kukirt uygulanan
topraklarda yetistirilen bugday bitkisi tanelerinde
methionin sistein  miktarlarinin

ve artis

gosterdigini bildirmislerdir.
Sonug ve Oneriler

Bu calismada, kukirt icerigi yliksek oldugu
bilinen brokoli ve pirasa bitkilerinde, kukirtlQ
amino asitlerden sistein ve methionin miktarlari
ile  besin elementleri arasindaki iliskiler
belirlenmistir. Elde edilen sonuclara gore; yore
topraklari genel olarak; hafif alkalin tepkimeli,

kirecli, hafif blinyeli ve organik maddece fakirdir.
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Yorede yetistirilen brokoli bitkilerinin % 50’i pirasa
% 43’0
yore topraklarinin

bitkilerinin ise yaklagik kikirtge

yetersizdir. Bu baglamda;
yuksek kireg iceriklerine bagh olusan alkali toprak
reaksiyonlarinda ¢o6zlinemez forma gecen bazi
arttirmak

besin elementlerinin  alinimini icin

kontrolli olarak toz kukart kullanilmasi ve
blnyelerinin hafif, organik madde igeriklerinin

distk olmasi nedeniyle de topraklarda dizenli

periyotlarda organik glbre kullaniimasi
Onerilebilir.

Sebzelerin amino asit igerikleri ile besin
elementleri icerikleri arasindaki iliskileri

belirlemeye yonelik arastirmalarin sinirli olmasi
nedeniyle farkli ekolojilerde farkl bitki cesitleri ile
benzer calismalarin yapilmasinin yararl olacagi
dustndlmektedir.
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Introduction

Regression analysis is widely used statistical
technique in most of the applied sciences. The
linear regression model is given by
Vi = Bo + Bixin + Boxip+.. +Bpxip + &, i =1,2,..,n (1)

ABSTRACT

There are several variables affecting the beef cattle performance and profitability. In the
related literature, regression analysis is performed to find the contribution of the variables on
profitability in different managing systems. Least squares (LS) estimation method is mostly
used in regression analysis. However, it is optimal when the distribution of the error terms is
normal. In this study, we revise Koknaroglu et al. (2005) study in which regression analysis is
used under normality assumption. Different from the mentioned study, we use a robust
estimation method called M-estimation since the error terms do not follow a normal
distribution according to Shapiro-Wilk normality test. We obtain parameter estimates and
their standard errors along with the coefficient of determination. It is observed that the
results obtained based on M-estimation are more reliable than their LS counterparts with
respect to R? criterion.

Key Words: Beef cattle, Profitability, Regression, Robustness, M-estimation.

(074

Besi sigir performansini ve karliligini etkileyen birkag degisken vardir. ilgili literatiirde,
farkli yonetim sistemlerinde karliigi etkileyen degiskenlerin katkisini bulmak igin regresyon
analizi kullanilmistir. Regresyon analizinde ¢ogunlukla en kuglik kareler (LS) tahmin yontemi
kullanilir. Ancak, bu yéntem hata terimlerinin dagiliminin normal olmasi durumunda
optimaldir. Bu c¢alismada, normallik varsayimi altinda regresyon analizinin kullanildigi
Koknaroglu ve ark. (2005) calismasi revize edilmistir. Shapiro-Wilk normallik testine gore hata
terimleri icin normallik varsayimini saglanmadigindan, diger calismadan farkh olarak, bu
calismada, M-tahmini adi verilen dayanikli/robust tahmin yontemi kullanilmistir. Belirleme
katsayisi ile birlikte parametre tahminleri ve onlarin standart hatalari elde edilmistir. Sonug
olarak, R? kriterine gére, M-tahminine dayali olarak elde edilen sonuglarin, LS tahmin
edicilerinden daha giivenilir oldugu gozlenmistir.

Anahtar Kelimeler: Besi sigiri, Karlilik, Regresyon, Dayanikllik, M-tahmini.

where y; is the response, x;1, Xj5 ..., X;i are the
,30, ,31, .82' "",Bp the
parameters and ¢; denote the random error term.
This model
alternative representations:

predictors, are model

can also be written by using

277


http://dx.doi.org/10.29050/harranziraat.315709
http://dx.doi.org/10.29050/harranziraat.315709
http://dx.doi.org/10.29050/harranziraat.315709
http://dx.doi.org/10.29050/harranziraat.315709
http://dx.doi.org/10.29050/harranziraat.315709
http://dx.doi.org/10.29050/harranziraat.315709
http://www.dergipark.gov.tr/harranziraat
https://orcid.org/0000-0003-4725-5783
https://orcid.org/0000-0002-4131-0086
https://orcid.org/0000-0003-3707-2393

Koknaroglu et al., 2019. Harran Tarim ve Gida Bilimleri Dergisi, 23(3): 277-286

yi = x;B +¢&, i=12,..,n (2)
and
y=XB+e (3)
where
y=1I[1 y2 = yl, xl{ = [1 Xi1 Xiz " xip]' B =1Bo B1 B2 - Bil’,
X=[12x x- xp), 1=[11-1) and € =[¢& & - &,]".

The model parameters are estimated using
well-known least squares (LS) method. The idea
underlying the LS method is to minimize the sum
of the squares of error terms with respect to the
parameters of interest. Then the well-known LS
estimator is formulated by

(4)

Traditionally, the error terms are assumed to

g =XX)1X'y.

be
normal with mean zero and variance o2 in model

independently and identically distributed
(1). This assumption has a vital role in statistical
inference, i.e. the LS estimators are the most
efficient and the test statistics based on them are
the most powerful under normality. However,
nonnormality is more common in practical
studies, see for example Geary (1947), Huber
(1981), Islam and Tiku (2005), Senoglu (2005),
Koknaroglu et al. (2008), Acitas et al. (20133,
2013b), (2019). In the

presence of nonnormality, the LS estimators may

Acitas and Senoglu

become inefficient. Furthermore, normal-theory
test statistics are not reliable since they are no
longer powerful.

Robust statistical methods are frequently used
when existing of nonnormality. The aim of the

profit; = o + . fedprice + B,feedgain + 5fe + Bycorn + fsadg + ¢;

where i refers to the pen of cattle. See
Koknaroglu et al. (2005) for detailed information
on descriptions of the variables used in Model (5).

We revise Koknaroglu et al. (2005) study in
which same model is used. Different than the
mentioned study, we here use M-estimation
method. The reason using M-estimation method
is that the error terms do not follow a normal
distribution according to Shapiro-Wilk normality
test. It should be noted that we do not consider
other assumptions regarding to regression model
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robust statistical methods is to reduce the large
effects of the outliers which cause nonnormality.
This is done by giving small weights to the
outlying observations. There are several robust
estimation methods such as M (Huber; 1964,
1981), MM (Yohai, 1987), least median squares
(LMS) (Rousseeuw, 1984), modified maximum
likelihood (MML) (Tiku; 1967, 1968) and so on. M-
estimation is the most widely used and popular
method among them. See also Karadavut and
Taskin (2017) in which M estimation method is
used for determination of outliers in Japanese
guail body weight data.

In this study, we use model (1) to identify
variables that affect beef cattle profitability. Main
purpose of animal production is to make living by
earning money thus, profitability is the driving
force behind animal production. There are several
documented variables affecting beef cattle
performance and profitability (Koknaroglu et al.,
2005). Thus finding contribution of variables on
different managing

Then, the

profitability in systems

becomes important. model is

formulated by

(5)

(5) since our aim is to provide a different
approach to explore the contribution of several
variables on beef cattle profitability in terms of
robust regression aspect by revising Koknaroglu
et al. (2005).

The rest of the paper is organized as follows.
Material and methods are given in section 2.
Section 3 is reserved to the results and the
discussion. The paper ends with a conclusion
section.
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Material and Methods

In this section, data structure, the results of
Shapiro Wilk normality test and brief information
about the M-estimation method are provided.

Data structure

Close-out information, consisting of data from
cattle that were placed on feed between January
1988 and December 1997, which had been
submitted by lowa cattle producers using the
lowa State University Feedlot Performance and
Cost Monitoring program, was examined to
determine  factors affecting beef cattle
performance and profitability.

The model given in equation (5) is employed to
identify variables that affect cattle feeding
profitability. All of the variables used in model (5)
are continuous. Detailed information on materials
and methods on how data are obtained and
categorized is provided in (Koknaroglu et al.,
2005).

The effects of season, housing, sex, body
weight (BW) and concentrate level on the profit
are also considered. For this purpose, model (5) is
applied for different levels of the following
BW

concentrate level. A brief information about these

variables: season, housing, sex, and

variables are given as follows. Season has four
levels as known well: Winter, spring, summer and
fall.
confinement, overhead shelter and open lot.

Housing includes three levels named

Steers and Heifers are two levels of Sex. Initial
BW has three levels: cattle weighing <273 kg,
between 273 and 364 kg, and >364 kg and finally
concentrate level consists of three levels: low
(<75%), intermediate (between 75 and 85%), and
high (>85%). Therefore, in total 15 regression
models should be taken into account during the
analysis.

M-estimation method
M-estimators of the model parameters are
solutions of the following minimization problem:
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5 ) Vi — xif
= 2t T (6)
Bu argﬁr{nm E p(

o

)

where p(-) is the objective function. After taking
derivative in equation (6) with respect to f and
setting equal to zero, BM can also be obtained as
solution of the following equation:

z¢<yi —Gx{ﬁ> X =0

where () = p'(-). It should be noted that LS
estimators p(x) = x2.
Different choices of p(-) function are considered
in the

literature. Indeed, p(-) function should satisfy

(7)

are obtained when

to capture the robustness related
some properties for the sake of robustness. These
properties are given in Maronna et al. (2006) on
page 31. Jureckova and Picek (2010) can also be

seen for different p(+) functions.

In this study, we use Tukey’s bisquare
(biweight) function:
x\21°
— — (= 1 <
o ={1-[1=Q)] v msk g
1 if |x|>k.
Therefore, P (+) function is obtained by
6 x\21°
— — (= i <
P(x) = kzx[l (k) ] if =k )
0 if |x|>k

Here, k is the robustness tuning constant
which is used for adjusting the trade-off between
the robustness and the efficiency. Therefore, it is
taken as 4.68. Tukey’s bisquare function is mostly
used in robust statistical analyzes since 1 function
is redescending, i.e. ¥ tends to O for oco. The
advantage of using a redescending Y function is
that it provides more robustness (Maronna et al.,
2006). The plots of p(x) and ¥ (x) functions are
given in Figure 1.
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(a) p(x)
Figure 1. Plots of p(x) and y(x) functions
Sekil 1. p(x) ve ¥(x) fonksiyonlarinin grafikleri

It is clear that solutions of equation (7) cannot
be obtained explicitly. Therefore, numerical
methods should be performed. In the related
literature, iteratively reweighted least squares
(IRLS) method is mostly utilized to compute the
M-estimates, see for example Montgomery
(2012). The computations in this study are done
using “robustfit” function of MATLAB software.
Robustfit function gives M-estimates of the model
parameters in addition to robust estimate of the
scale. We also compute the robust coefficient of
determination (R?) given by

Xwi(y — J7i)2

YWy — Fw)? 10)

R2 =1

where

_ 1 R LA
Yw :ZW_zWiYir Vi =Yi =X Pu
l

and w; (i=12,..,n) are the weights, see
Renaud and Victoria-Fesser (2010). Obviously, the
higher values of R? implies better fitting.

Results and Discussion

In this part of the study, we first explore the
normality of the data set. Then we analyze the
data set using the M-estimation method and
interpret the results.

Normality test results

In this study, we use the Shapiro-Wilk (1965),
one of the widely used and the most powerful
goodness of fit test, to explore the normality of
the data set. The appropriate hypotheses are

stated as follows:

Ho: The error terms have a normal distribution
H1: The error terms do not have a normal
distribution

The test is conducted using LS residuals.
Indeed, we first compute the LS estimates of the
model parameters using equation (4) and then
obtain the residuals based on them. The test is
conducted in MATLAB using Oner and Deveci’s
(2017) code file which is available at the website
provided in references.

As it is indicated previously, there are five
variables. Model (5) is used for each level of these
variables. Therefore, we have 15 regression
models belonging to the different levels of
season, housing, sex, body weight and
concentrate level. Shapiro-Wilk test is carried out
to LS residuals obtained from these 15 regression
models. In other words, first LS residuals are
obtained for each 15 regression models. Then,
they are used to check the normality assumption
via Shapiro-Wilk test. The results are given in
Table 1. It reports value of the test statistics and
the corresponding p —values.

The results are interpreted at a = 0.05
significance level as follows. It is clear that the
normality assumption is not satisfied for Winter,
Spring and Summer while it is satisfied for Fall.
For three levels of housing variable, the normality
of the error terms is rejected. While the error
terms are distributed normally for Heifers, the
distribution is not normal for Steers. First two
levels of BW, the normality assumption is
satisfied. However, third level (>364) does not
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follow a normal distribution. For the concentrate

levels (75 to 85 and >85),

the normality

Table 1. Shapiro-Wilk normality test results
Cizelge 1. Shapiro-Wilk normallik testi sonuglari

assumption is met. On the other hand, for the

level <75, the null hypothesis is rejected.

Sample . .
Size Test Statistic p —value l\:gz(;eéicuﬁ{?s é‘;‘;t
(Orneklem (Test Istatistigi) (p —degeri) (O/gl)
hacmi)
Winter (Kis) 448 0.9798 0.0001 1
. Spring (ilkbahar) 300 0.9559 0.0001 1
Season (Mevsim)
Summer (Yaz) 420 0.9769 0.0001 1
Fall (Sonbahar) 685 0.9964 0.1171 0
Confinement 456 0.9089 0.0001 1
(Kapali ahir)
Housing Overhead shelter
(Barinma) (Yari agik ahir) 470 0.9930 0.0273 1
Open lot
(Acik ahir) 927 0.9929 0.0002 1
Steers
Sex (Erkek Dana) 1429 0.9834 0.0001 1
(Cinsiyet) Heifers 424 0.9942 0.1046 0
(Disi Dana)
<273 371 0.9832 0.0003 1
BV.\./ o 273 to 364 964 0.9699 0.0001 1
(Vacut Agirhigi)
>364 518 0.9947 0.0713 0
Concentrate <75 180 0.9895 0.2062 0
Level 75 to 85 1020 0.9928 0.0001 1
(Yogunluk Dizeyi) g5 653 0.9505 0.0001 1
250 QQ Plot of Season: Winter versus Standard Normal 250 QQ Plot of Season: Spring versus Standard Normal
é 100 | M‘f{ - ié 100 - o -
e h ’ S;’"‘a"‘ ND'?"E'QUEN“; ‘ ‘ ) e ’ ' Standard Nor?nalQuanmes ' : ?
(a) Winter (b) Spring
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These results are also supported by Figures 2 - satisfied if the quantile pairs do not deviate too
6 in which Q-Q plots are given for all categories. It much from the straight line.
should be noted that the normality assumption is

commotbog cotmenenes swaaoms. S oot o
4 2 .
(a) Confinement (b) Overhead shelter (c) Open lot
Figure 3. Q-Q plots for housing
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Table 2. Estimated regression coefficients of the factors explaining profitability, 6 and R2. The values
given in parenthesis are the standard error of the regression estimates

Cizelge 2. Karliligi agiklayan faktérler icin tahmin edilmis regresyon katsayilari, 6 ve R?. Parantez icinde
verilen degerler regresyon tahminlerinin standart hatalaridir

Po [ 2 Ps Ps Ps 5 R*%)

LS Coeff. 9028 976  -490 -27.98 -29.65 -64.57  45.49 61
Winter SE  (63.46) (0.43) (0.29) (3.36) (5.55) (17.02)

(Kig) M Coeff.  54.51 9.98 -5.12  -25.96 -27.52 -52.49 44.43 68
SE (62.10) (0.42) (0.28) (3.28) (5.43) (16.65)

LS Coeff.  86.54 10.46 -6.01 -2790 -34.63 -25.22 39.63 67

Spring SE  (66.36) (0.54) (0.32) (3.17) (6.66) (17.03)
(ilkbahar) M Coeff.  60.65 11.11  -6.76  -24.74 -45.38 4.12 36.31 77
Season SE  (61.41) (0.50) (0.30) (2.93) (6.17) (15.76)
(Mevsim) LS Coeff. -99.89 1150 -5.40 -24.73 -21.85 -26.55  40.36 71
Summer SE  (56.74) (0.43) (0.23) (2.45) (6.66) (11.91)
(Yaz) M Coeff. -93.99 1237 -6.76 -20.67 -34.25 0.52 34.32 84

SE  (48.98) (0.37) (0.20) (2.12) (5.75) (10.28)

LS Coeff. 23099 860  -4.68 -34.61 -41.47 -58.06  40.52 67
Fall SE  (40.24) (0.30) (0.19) (1.85) (5.19) (10.08)

(Sonbahar) M Coeff. 23502 864 -475 -3519 -40.94 -57.56  40.72 72
SE  (40.44) (0.30) (0.19) (1.86) (5.21) (10.13)

LS Coeff. 207.38 9.60 -6.15  -31.94 -41.75 -34.17 37.02 74

Confinement SE  (49.84) (0.34) (0.21) (2.84) (6.59) (12.51)
(Kapali ahir) M Coeff. 136.07 10.29 -6.95 -27.72 -4567 9.30 26.24 89
SE  (36.59) (0.25) (0.15) (2.09) (4.84) (9.18)
overhead LS Coeff.  74.29 9.99  -445 -3469 -2065 -68.17 4563 61
Housing shelter SE  (62.99) (0.42) (0.28) (2.88) (6.52) (15.30)
(Barinma)  (Yari agik M Coeff. 47.67  10.19 -453 -33.96 -20.29 -58.43  45.68 66
ahir) SE (63.06) (0.42) (0.28) (2.89) (6.53) (15.32)
LS Coeff. 117.66  9.44  -498 -30.09 -30.55 -46.86 41.44 66
Open lot SE  (37.15) (0.27) (0.18) (1.63) (3.71) (8.72)
(Agik ahir) M Coeff. 12275 954  -519 -29.88 -31.21 -43.74 41.41 71
SE  (37.12) (0.27) (0.18) (1.63) (3.71) (8.72)
LS Coeff. 16534  9.76  -5.22 -3421 -33.06 -60.76 43.34 65
Steers SE  (33.23) (0.23) (0.15) (1.60) (3.48) (8.17)
(Erkek Dana) M Coeff. 15572  10.02 -552 -34.00 -33.22 -51.59  42.23 72
Sex SE  (32.39) (0.22) (0.15) (1.56) (3.39) (7.97)
(Cinsiyet) LS Coeff.  3.38 9.33  -441 -2526 -20.04 -36.36  38.77 66
Heifers SE  (49.28) (0.39) (0.24) (2.03) (5.33) (14.53)
(Disi Dana) M Coeff.  -20.61 9.42 -441 -24.23 -19.32 -30.24  38.96 70

SE  (49.53) (0.39) (0.24) (2.04) (5.36) (14.60)
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Table 2. (Cont.)
Cizelge 2. (Devami)

Po P B Ps Ba Ps G R*%)
LS Coeff. .132.46 9.94 -3.84 -21.84 -37.18 3573 4408 64
73 SE (64.76) (0.46) (0.22) (3.20) (6.79) (21.66)
M Coeff. .12452 1010 -3.85 -23.05 -42.95 3839 42.83 70
SE (63.09) (0.45) (0.22) (3.12) (6.61) (21.10)
LS Coeff. 4237 1030 -586 -2579 -39.63 593 3648 74
BW SE (33.54) (0.23) (0.16) (1.68) (3.40) (9.43)
(Viicut Agirhgr) 273 to 364 M Coeff. 2260 1052 -6.04 -2420 -40.59 1151 3510 80
SE (32.32) (0.22) (0.16) (1.62) (3.28) (9.09)
LS Coeff.  .16.96 11.42 -8.03 -16.97 -3558 39.97 23.72 89
364 SE (31.54) (0.22) (0.16) (1.42) (3.43) (7.77)
M Coeff. 099 1157 -832 -16.55 -40.57 4356 23.62 91
SE (31.41) (0.22) (0.16) (1.42) (3.42) (7.74)
LS Coeff.  .19.63 1086 -4.57 -29.20 -29.41 -33.59 5336 60
s SE (94.89) (0.81) (0.40) (4.05) (10.64) (23.47)
M Coeff. .100.44 11.40 -452 -27.25 -27.50 -19.91 51.86 67
SE (92.68) (0.79) (0.39) (3.95) (10.39) (22.92)
LS Coeff. 10435 9.70 -496 -31.08 -29.23 -48.68 40.59 67
Concentrate Level .. . SE (35.56) (0.25) (0.16) (1.69) (3.74) (9.03)
(Yogunluk Diizeyi) M Coeff. 8355 969 -493 -30.18 -28.47 -41.02 4073 71
SE (35.68) (0.25) (0.16) (1.70) (3.75) (9.07)
LS Coeff. 15923 9.88 -594 -3244 -39.70 -26.98 3562 74
. SE (38.59) (0.27) (0.19) (1.93) (4.35) (9.55)
M Coeff. 17236 1043 -7.18 -28.60 -4836 -1.34 29.18 87
SE (32.02) (0.23) (0.16) (1.60) (3.61) (7.92)
Regression analysis results counterparts. Furthermore, 6, < 6.5 implies

This section includes LS and M-estimates of the
Estimated

variables

model  parameters.
the

profitability are given in Table 2. Furthermore, LS

regression
coefficients  of explaining
and robust estimates of scale parameter ( 6 ) and
the coefficient of determination (R?) are provided
in Table 2.
under

The standard errors (SEs) are also
the
estimate in parenthesis. It should also be noted

given corresponding regression
that robust estimate of scale parameter and
standard errors for M-estimates of regression
parameters are obtained from robustfit function.

Following results can be deduced from Table 2.

Season

The normality assumption is not satisfied for
Winter, Spring and Summer. Therefore, standard
errors of the M-estimates are less than their LS
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that robust linear regression model is more
reliable. This conclusion is also supported by R?
values, i.e. R% > RZ. For the Fall, normality
assumption is valid. Therefore, LS results are
preferable here.

Housing

The normality assumption violated for three
levels of housing variable. Therefore, M-estimates
are more reliable for this case. This conclusion is
standard errors of the
the
standard deviation of the error terms. Ry > RZs

obtained from the

estimated regression coefficients and

also implies to use robust statistical methods.

Sex
The distribution of the error terms is not

normal for Steers. Therefore, robust statistical
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methods should be used. The results show that
standard errors of the M-estimates are less than
those of LS estimates. However, LS estimates are
more preferable for Heifers since normality
assumption is satisfied for this case.

BW

First two levels of BW do not satisfy the
normality assumption. Therefore, M-estimation
method should be used to estimate the model
parameters for these levels. Indeed, standard
errors for M-estimates are smaller than their LS
counterparts. This is also true for estimate of the
scale parameter. The coefficient of determination
for M-estimation is also higher. However, for the
third level, LS estimates are more preferable since
normality is satisfied.

Concentrate level

The normality assumption is satisfied for the
first level (<75). Therefore, LS estimates should be
preferred for this case. On the other hand, for the
remaining levels (75 to 85% and >85%), the
Indeed, the M-
estimates are more reliable for these cases.

normality is not satisfied.

Conclusion

Regression analysis is a widely used method in
animal sciences. For example, the beef cattle
performance and profitability can be determined
using the regression analysis. The parameters of
the
estimated using LS method. It is a well-known fact

linear regression model are frequently
that LS method is optimal when the distribution
of the

nonnormality of the error terms is more common

error terms is normal. However,

in practice. The motivation for this study comes
from this fact. Koknaroglu et al. (2005) evaluate
the beef
regression model under normality. However, in

cattle performance using linear
our analyzes, we find that normality is not
satisfied for most of the cases. We therefore use
robust regression methods, i.e. M-estimation. The
advantage of using a robust method is that it is

not sensitive to the outliers and also to the

285

nonnormality. Therefore, it gives more reliable
results in presence of outliers and nonnormality.
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Ulkemiz bag alanlarinin biyik bir kisminin

0z

Bu calisma, Tokat Merkez ilgede bulunan “Kazova Vasfi Diren Tarim isletmesi”’nin bag fidani
Uretim tesisinde yurutilmastiir. Denemede, 1103 Paulsen Amerikan asma anaci lizerine
asilanan sekiz sofralik tiziim gesidi (Cardinal, Ata Sarisi, Uslu, Trakya ilkeren, Alphonse Lavallée,
Hamburg Misketi, Cavus, Yalova incisi)’nin fidan randimani belirlenmistir. En yiiksek fidan
randimani, Trakya ilkeren cesidinde (% 98.53) belirlenirken; en diisiik fidan randimani,
Hamburg Misketi ¢esidinde (% 67.53) tespit edilmistir.

Anahtar Kelimeler: Amerikan asma anaci, Asili asma fidani, Omega asisi, Fidan randimani

ABSTRACT

This study was carried out in the vine sapling production unit of "Kazova Vasfi Diren
Agricultural Administration" located Tokat Central district. In the experiment, was determined
sapling yield of eigth table grape varieties (Cardinal, Ata Sarisi, Uslu, Trakya ilkeren, Alphonse
Lavallée, Hamburg Misketi, Cavus, Yalova incisi) grafted on 1103 Paulsen rootstock. While the
highest sapling yield was determined in Trakya ilkeren variety (98.53%); the lowest sapling
yield was determined in the Hamburg Misketi variety (67.53%).

Key Words: American vine rootstock, Grafted grapevine sapling, Omega grafting, Sapling yield

bir sonug alinamamistir. 1869 yilinda Fransiz bagci

Laliman vyapmis oldugu arastirmalarda, bazi

Amerikan asma anaclarinin filokseraya

filoksera (Viteus vitifolii Fitch.) zararhsiyla bulasik
olmasi nedeniyle (ilter ve ark., 1984), cogu lzim
cesidi kaybolma tehlikesiyle karsi karsiya kalmistir
2008).

zararlisi

Asma koklerinden beslenen
1863 vyilinda,

baslayarak tim Avrupa ve Tirkiye baglarina

(Yayla,

filoksera Fransa’dan

yayillmistir. Topragin ilaglanmasi, baglarin su

altinda birakilmasi ve karantina tedbirleri gibi

onlemler filokseranin zarar verdigi baglarin

yeniden kurtarilmasi igin denenmis, ancak olumlu

287

mukavemetinin yilksek oldugunu goérmds, kiltir
cesitlerini bu anaclar Gzerine asilamis ve basarili
sonuclar almistir (Winkler ve ark., 1974). Bu
bu
asma

nedenle karh bir Uzim vyetistiriciligi icin,

zararhya dayanikli  olan  Amerikan

anaclarinin kullanimi zorunludur (Celik ve ark.,
1998; Celik, 2007). Kaliteli Gzim Gretimi amaciyla
planlanan tesislerde, modern bagciligin temel
kosulu, ismine dogru, fidan Gretim materyali ile
benzeri hastalik ve

taginan viris ve virus
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zararhlardan arf, saghkli ve kaliteli, yani sertifikali
Sertifikali fidan
uretim ve denetim sistemlerinin olusturulmasi

asma fidanlarinin kullanimidir.

asamalarinin bitlind olan fidan sertifikasyonu,

Ulkemizde ¢6zim  bekleyen bir sorundur
(Soylemezoglu ve ark., 2010).

Asida basari denildiginde, iki bitki pargasinin
birlesme noktasinda oncelikle anactaki
kambiyumdan meydana gelen ve parankimatik
doku yigini halinde olan yara dokusunun (kallus)
farkhlasarak iki bitki parcasi arasindaki iletim
demetlerinin birlesmesinin saglamasi
anlasilmaktadir (Janick, 1986). Anaglarin, lizerine
astlandiklari cesitle olan afinitesi sadece fidan
randimanini

degil, cesidin bagda gosterecegi

verim ve kalite dlzeyini de etkilemektedir
1978).

Uretimde, kayiplarin en aza indirilmesi ve Ustin

(Kismali, Fidanhk sartlarinda vyapilan
nitelikli fidan elde edilebilmesi icin, uygun anac ve
cesit/ana¢ kombinasyonlarinin secilmesi bulyik
onem tasimaktadir.

Eris ve ark. (1989)'nin bildirdigine gore; fidan
uretiminde randiman ve kaliteyi arttirmak igin,
kalem/anag arasindaki kallus baglantisinin gok iyi
Baydar ve Ece (2005)
fidan

kullanilan

olmasi gerekmektedir.
randimani

cesit/anag
kombinasyonlarina gore degistigini belirtmislerdir.

yaptiklari  ¢alismada, ve

kalitesinin

Karauz ve Celik (2007), Razaki ve Trakya ilkeren
Uzim cesitlerinden degisik donemlerde alinan asi
kalemlerinde, g6zlerin uyanmasi ve kallus gelisimi

Uzerine sogukta muhafazanin etkilerini
arastirdiklari calismalarinda, soguk  hava
muamelesinden gegirilen asi  kalemleri ile

Urettikleri asili fidanlarin, kontrole kiyasla daha
yuksek oldugunu bildirmislerdir.

Bhujbal (1993), Dog Ridge, 1103P, 41B, SO4 ve
Salt Creek anaglari ve Thompson Seedless ¢esidini
kullandiklari calismasinda, en iyi koklenme ve asi
tutum  oranint 1103P  anacinin  verdigini
belirlemistir.

Kahraman ve ark. (2012) yapmis olduklari
calismada, 1103 Paulsen anaci ile Cardinal ve
Alphonse Lavallee iziim cesitlerinin asi tutma ve
kaynasma oranlarinin  yiksek  olduklarini

bildirmislerdir. Ancak Alphonse Lavallee/1103 P
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kombinasyonunun fidan randimaninin
oldugu kaydedilmistir. 1103 Paulsen anaci ile Uslu

incisi

duslik

ve Yalova dzim cesitlerinin

kombinasyonlarinda ise sirgin boyunun iyi
oldugunu bildirmislerdir.

Dardeniz ve Sahin (2005) 5BB, 140Ru, 41B ve
1103P anaglari lizerine Uslu ve Yalova incisi Gizim
cesitlerini asillamiglardir. En yilksek asi odasi
140Ru, 1103P ve 5BB anaglari
Uzerine asih Uslu gesidinden sirasiyla %98,75,
%96,27 ve %92,63 olarak elde edilirken, en yliksek
fidan randimani 41B ve 5BB (izerine asili Uslu
cesidinde sirasiyla %44,61 ve %37,47 olarak

belirlenmistir.

randimanlari

Celik (1982)
Hafizali, Hamburg Misketi ve Hasandede Uziim

Agaoglu ve calismalarinda,
cesitlerini Kober 5BB ve 99R anaglari (zerine
asillamis ve toplam fidan randimaninin %20-60
arasinda degistigini tespit etmislerdir.

Gilnen (2008), Syrah ve Cabernet Sauvignon

cesitlerinin bes farkl anagla olan
kombinasyonlarini  aglk ve  o6rtid  altinda
kiyasladiklari  ¢alismada, ortamin istatistiksel

olarak 6nemli bir etkiye sahip olmadigini tespit
etmistir. En ylksek basariyi Syrah cesidinde birinci
yil %91.67, ikinci yil %60.42 ile 1103 Paulsen;
Cabernet Sauvignon c¢esidinde ise birinci il
%90.08, ikinci yil %63.33 ile yine 1103 Paulsen
anacinda elde ettiklerini bildirmistir.

Cangi ve ark. (2000), asida basari orani (%) ve
kallus gelisim dizeyi (0-4) bakimindan, su ve talas
ortamlarini, ponza ortamina kiyasla daha basarili
bulmuslardir. Su ortaminin dikilebilecek nitelikte
asih celik sayisi yoniinden en vyiksek, ponza
ortaminin ise en dusik degerleri
(1994),
ortaminda kaynastirmaya alinan asili celiklerde

sagladigini

bildirmislerdir. Kelen su ve talas
asida basari yoninden ortamlar arasinda 6nemli
bir farkhlik bulunmadigini, kallus gelisim dizeyi
bakimindan ise talas ortaminin daha iyi sonug
verdigini bildirmektedir.

Bu yaygin

kullanilmakta olan 1103 P Amerikan asma anaci

calismada; Ulkemizde olarak
Uzerine asil, ticari degeri yiksek olan sofralik
cesitlerden olan Cardinal, Ata Sarisi, Uslu, Trakya

ilkeren, Alphonse Lavallée, Hamburg Misketi,
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Cavus ve Yalova incisi Giziim cesitlerinin agik koklii
fidan randimaninin saptanmasi amaglanmistir.

Materyal ve Yontem

Calisma, Tokat Merkez ilcede bulunan Kazova
Vasfi Diren Tarim isletmesi’nin bag fidani iretim
tesisinde 2017 yilinda yiritilmistir. Denemede
bitkisel materyal olarak Ulkemizin birgok yoresi
icin onerilen 1103 P Amerikan Asma Anaci ile
Cardinal, Ata Sarisi, Uslu, Trakya ilkeren, Alphonse
Lavallée, Hamburg Misketi, Cavus ve Yalova incisi
Uzum gesitleri kullaniimistir.

o th
A -

Roux (1988)’un bildirdigi gibi bir yilhk dallarin
iyi odunlagsmis orta kisimlarindan alinan gubuklar
tek gozli kalemler halinde kesilerek, kalinliklarina
gore siniflandirilmis (7-8 mm, 9-10 mm ve 11-12
mm kalinhklarda)’tir. Daha sonra Kursuni kif
(Botrytis cinerea)’e karsi 500 g/l Fenhexamid
etken maddeli ilagl su ile nemlendirilmis perlitle
harmanlanarak torbalar

polietilen  plastik

icerisinde asi donemine kadar; +4°C sicaklikta
soguk hava deposunda muhafaza edilmislerdir
(Sekil 1).

S

Sekil 1. Soguk hava deposuna kaldirilmak tzere hazirlanmis asi kalemleri
Figure 1. Prepared scion cuttings for storage in the cold storage room

Anaclara ait celikler, asidan kisa bir stire 6nce
altta bir goz bulunmak lzere 30 cm boyunda
kesilerek kalinliklarina gore siniflandiriimis (7-8
mm, 9-10 mm ve 11-12 mm kalinliklarda)’tir. Sekil
2’de gorildigu gibi en alttaki g6z haric diger
gozler koreltilmis ve 100’erlik demetler haline
baglanarak aseptik cuvallara konularak soguk
hava deposuna kaldiriimistir.

Asilama Oncesi

soguk hava deposundan

cikarilan kalemler (Uzerindeki perlitten yikanarak
arindirilmig) ve anaclar Gg¢ gln disarida (kapali bir
alanda) bekletilmistir. Anaclar iki giin (48 saat),
cesitlere ait kalemler ise bir glin (24 saat) suyla
dolu varil ve havuzlar icerisinde bekletilmistir
(Sekil 3). Bu islemin tamamlanmasina son 6 saat
kala sadece kalemlerin bekletme suyuna mantari
hastaliklarin gelismesini 6nlemek amaciyla % 50
Benomyl etkili ilaglarla dezenfekte edilmistir.

Sekil 2. Anaglara uygulanan islemler
Figure 2. Processes applied to rootstock
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Sekil 3. Asi Kalemi ve anaglara uygulanan agi 6ncesi 6n hazirliklar
Figure 3. Pre-preparations applied before the grafted to the scion cuttings and rootstocks

Denemede masabasi omega asisi ile 1103
Paulsen Amerikan asma anaci Uzerine Cardinal,
Ata Sarisi, Uslu, Trakya ilkeren, Alphonse Lavallée,
Hamburg Misketi, Cavus ve Yalova incisi olmak
Uzere sekiz sofralik cesit 3 tekerrirli olarak ve her
tekerriirde 500 adet asil ¢elik olmak Uizere toplam
12.000 adet asili gelik hazirlanmistir. Asilama
isleminden hemen sonra asili celiklerin Ustten

yaklagtk 6 cm’lik kisimlarina %1-5 arasinda

balmumu, vazelin, regine, bitumen, zift, mineral
yag gibi maddelerin yanisira, etkili oranda fungusit
ve oksin katilarak hazirlanmig, 82°C’de eritilen

ticari parafin kullanilarak parafinleme islemi

gerceklestirilmistir. Parafinleme isleminden

hemen sonra asili cgelikler ¢imlendirme ortami

olarak ince kavak talasl Richter

sandiklarina dizilmistir (Sekil 4).

icerisinde

Sekil 4. Omega asinin yapilisi, parafinleme ve Richter sandiklarina asili celiklerin dizilisi
Figure 4. Making of omega grafting, waxing and arrange of grafted cuttings in Richter crates

Richter sandiklarina dizilen

kaynastirma odasinda kaynastirmaya alinmistir.

asili  celikler
Kaynastirma odasi kosullari: 3 giin 28-29°C, 15
glin 25-26°C ve 3 glin 22-24°C; nem orani %90-
95; 6-12 saatte bir havalandirma (Celik, 1982;
1991)
gln

Akman ve llgin, olacak  sekilde

21 Richter
icerisinde kaynastirma odasinda kalan asili celikler

dizenlenmistir. sandiklari

C’& At adBERS
Sekil 5. Kaynastirma odasi sonrasi yapilan islemler
Figure 5. Processes applied after callusing room
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disariya cikarilarak 2 gin kapali bir ortamda
bekletilmistir. Sandiklar agilarak, temizlenmis ve
cepecevre kallus gelisimi saglanmis asili geliklere
ikinci parafinleme yapilmistir. Daha sonra su dolu
havuzlarda 12 saat (bir gece) bekletilen asih

celikler, sudan cikarilarak 2 saat dinlendirilmistir
(Sekil 5).
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Araziye almadan hemen oOnce asili celiklere
2000 ppm IBA (indole-3 butyric acid) uygulanmis
serilerek

ve daha oOnceden

plastik

malg

"\\_ '/ . w
Sekil 6. Asili geliklerin araziye dikimi
Figure 6. Planting of grafted cuttings

Yaprak dokiimini takiben 20 Kasim’da fidanlar
araziden sokulmiustlr. Satisi yapilabilecek 1. ve 2.
boy fidanlar sayilarak sekiz sofralik Gizim gesidinin
1103 Paulsen Amerikan asma anaci ile olan fidan
randimani % olarak belirlenmistir.

SSFM

FR:[ ACM

|x100.......(1)

Esitlikte; FR= Fidan Randimani (%), SSFM=
Satisa Sunulan Fidan Miktari (adet), ACM= Asih
Celik Miktari (adet)’dir.

Istatistiksel analiz
Deneme tesadiif parselleri deneme desenine
gore 3 tekerrirli olarak ylritulmastir. Veriler

varyans analizi ile analiz edildikten sonra,

hazirlanmis masuralara asili  cgeliklerin  dikimi
SAxSU=20 cm x 10 cm olacak sekilde cift sirali
olarak gergeklestirilmistir (Sekil 6).

ortalamalar arasindaki fark % 1 diizeyinde Tukey
¢oklu karsilastirma testi ile incelenmistir. Analizde
JMP paket programi kullanilmistir. istatistiksel
farkhlik, verilerin sag tarafinda kiglik harfle
gosterilmistir.

Standart Hata (SH)
Galismada elde edilen tim verilerin kendi
icinde karsilagtirilabilmesi igin standart hata

hesaplamasi yapiimistir.
Bulgular ve Tartisma

Galismamizda elde edilen veriler Cizelge 1'de
goruldugi gibidir.

Cizelge 1. Cesitlerin 1103 Paulsen Amerikan asma anaci ile olan fidan randimani
Table 1. Sapling yield of varieties with 1103 Paulsen American vine rootstock

ACM SSFM KGGACM FR KGGACO

Cesitler Anag (adet) (adet) (adet) (%) (%)
Varieties rootstock AGC ASOS AGCWCG RSY RGCWCG

(amount) (amount) (amount) (%) (%)
Cardinal 500 429.67+4.63 c 70.3324.63d 85.93+0.93 ¢ 14.07£0.93 d
Ata Sarisi 500 451.67+4.06 b 48.33+4.06 e 90.33+0.81 b 9.67+0.81 e
Uslu 500 374.3312.60 e 125.67+2.60 b 74.87+0.51 e 25.13+0.51 b
Trakya ilkeren 1103 500 492.67+1.76 a 7.33+x1.76 f 98.53+0.35 a 1.47+0.35 f
Alphonse Lavallee Paulsen 500 368.00+4.04 e 132.001£4.04 b 73.60+0.81 e 26.40+0.81 b
Hamburg Misketi 500 337.67+3.28 f 162.33+3.28 a 67.5310.66 f 32.4710.66 a
Cavus 500 410.67+t1.76 d 89.33+1.76 ¢ 82.13+0.35d 17.8710.35 ¢
Yalova incisi 500 422.33t491 cd 77.67£491 cd 84.47+0.98 cd 15.53+0.98 cd

Ortalama + SH. Ayni siitunda farkli harfle gosterilen ortalamalar arasinda Tukey Coklu Karsilastirma Testi’'ne gére P<0,01
diizeyinde farkhilk vardir. ACM: Asili Celik Miktari, SSFM: Satisa Sunulan Fidani Miktari, KGGACM: Kallus Gelisimi Goriilmeyen
Asili Celik Miktari, FR: Fidan Randimani, KGGACO: Kallus Gelisimi Gorilmeyen Asili Celik Orani
Mean + SD. There are differences between the means indicated by different letters in the same column according to the Tukey
Multiple Comparison Test (P<0,01). AGC: Amount of Grafted Cuttings, ASOS: Amount of Saplings Offered for Sale, AGCWCG:
Amount of Grafted Cuttings Without Callus Growth, RSY: Ratio of Saplings Yield, RGCWCG: Ratio of Grafted Cuttings Without

Callus Growth
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Satisa sunulan acitk kokli acik asma fidani
492.67 adet
ilkeren/1103 Paulsen kombinasyonunda olurken,
en az 337.67 adet ile Hamburg Misketi/1103
Paulsen

miktari, en fazla ile  Trakya

kombinasyonunda olmustur. Satisa
sunulan asili asma fidani miktari bakimindan

cesitler arasinda %1 diizeyinde istatistiksel bir fark

tespit edilmistir. Alphonse Lavallee ile Uslu
cesitleri arasinda ise istatistiksel bir fark
belirlenememistir. Fidan randimani ise, en fazla %
98.53 ile  Trakya ilkeren/1103 Paulsen

kombinasyonunda gortliirken, en az % 67.53 ile
Misketi/1103
kombinasyonunda saptanmistir.

Hamburg Paulsen

Kallus gelisimi goriilmeyen asili ¢elik miktari, en
¢cok 162.33 adet ile Hamburg Misketi /1103
Paulsen kombinasyonunda, en az 7.33 adet ile
Trakya ilkeren/1103 Paulsen kombinasyonunda
belirlenmistir. Kallus gelisimi goérilmeyen asili
celik miktari bakimindan cesitler arasinda % 1
dizeyinde istatistiksel bir fark tespit edilmistir.
Alphonse Lavallée ile Uslu gesitleri arasinda ise
bir
gelisimi gorilmeyen asili gelik orani ise, en ¢ok %
32.47 Misketi/1103
kombinasyonunda olurken, en az % 1.47 ile

istatistiksel fark belirlenememistir. Kallus

ile Hamburg Paulsen
Trakya ilkeren/1103 Paulsen kombinasyonunda
tespit edilmistir.

farkli cesit/anag
kombinasyonlarinin karsilastirildigi bir ¢alismada,

Isparta kosullarinda
asith asma fidanlari omega masa basl asisiyla
uretilmistir. Alphonse Lavallée/1103 Paulsen
kombinasyonun agi tutma oranin % 98.32 olarak
2005).

Alphonse

belirlemislerdir ~ (Baydar ve  Ece,

Calismamizda elde ettigimiz
Lavallée/1103 Paulsen kombinasyonun asl tutma
orani, bu calisma sonuglarinin gerisinde kalmistir.

1103 Paulsen, 5BB ve S04 kokli anaclarn
Uzerine Alphonse Lavallee ve Cardinal Gzim
cesitlerini asilayan Celik ve Gider (1991), asi
basarisinin  ¢esit/ana¢ kombinasyonuna gore
degistigini ve en ylksek basariyi % 98.08 ile
Cardinal/1103P

ettiklerini belirtmislerdir. Calismada elde edilen

kombinasyonundan elde

sonuclar paralellik gostermektedir.
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Kavak (2006) ve humik asit

uygulamalarinin fidan randimani Uzerine etkilerini

Mycorrhiza

arastirdiklari  galismada, kontrol grubu asih

celiklerde en yiksek asi basarisint % 70.00 ile
incisi/1103P
etmistir. Calismamizda bu arastiricinin elde ettigi

Yalova kombinasyonunda elde

asl basarisinin lizerinde bir basari orani elde

edilmistir.
isci ve Altindisli (2006) koklii Amerikan asma
anaglarina  yerinde kakma asi  yaptiklar

calismalarinda, Trakya ilkeren cesidinin asi tutma
ylzdesini 41 B anaci ile olan interaksiyonunda
%100, 110 R anacinda % 81 olarak saptamiglardir.
Yine ayni ¢alismada Alphonse Lavallee gesidinin
asl tutma ylzdesini 41 B anact ile olan
interaksiyonunda % 96, 110 R anacinda % 87
olarak tespit etmislerdir. Oysa, ¢alismamizda elde

ilkeren/1103
tutma

Paulsen
% 98.53,
Alphonse Lavallée/1103 Paulsen kombinasyonun

ettigimiz Trakya

kombinasyonun asi orani
asl tutma orani % 73.60 olarak belirlenmistir.
(2015) farkh cesit/anag

kombinasyonlarini arastirdiklari ¢alismalarinda, 5

Alco ve ark.
BB anacina asilanan Cardinal, Merlot ve Cabernet

Sauvighon Uuzim cesitlerinin asl odasi
randimanlarini, 2012 yilinda sirasiyla % 99.50,
99.75 ve 99.50; 2013 yilinda ise sirasiyla % 74.25,
70.50 ve 86.75 olarak belirlemislerdir. Ayni Gzim
cesitlerinin 110R anaci Uzerine asilanmasiyla asi
odasi randimanlarini, 2012 yilinda sirasiyla %
96.50, 98.75 ve 98.75; 2013 yilinda ise sirasiyla %
97.75, 96.25 ve 86.25 olarak saptamislardir.

Cakir ve Yicel (2016) 1103 Paulsen anaci

Uzerine asih Narince ve Kalecik Karasi Gzim
cesitlerinin  asi  performansint  belirledikleri
calismalarinda, kallus  olusumunu  Narince

cesidinde % 77, Kalecik Karasi gesidinde % 60
olarak tespit etmislerdir. 1103 Paulsen anacinin
diger cesitlerle olan asi  kombinasyonu
inceledigimiz calismamizda ise bircogunun bu
calismada elde edilen sonuglardan daha yiliksek
bir asi performansi gosterdigi belirlenmistir.
Gunen ve Altindisli (2017), Cabernet Sauvignon
cesidinin (g farkh anacgla olan kombinasyonlarini
acik ve ortl altinda kiyasladiklari ¢alismalarinda,

ortamin istatistiksel olarak 6nemli bir etkiye sahip
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olmadigini ve en yliksek asi basarisinin birinci yil %
90.08, ikinci yil % 63.33 ile 1103 Paulsen anacinda
elde ettiklerini bildirmislerdir.

Yagci ve Gokkaynak (2016) Sultani Cekirdeksiz
Uzim cesidinin farkh anaglar Gzerindeki fidan
randimanini arastirdiklari ¢alismalarinda, 110 R,
140 Ruggeri, 1613 C, 5 BB ve Ramsey anaglarini
kullanmislar ve toplam fidan randimanini sirasiyla
% 51.5, 40.4, 50.3, 57.3 ve 50.2 olarak
belirlemislerdir.

Sonug

Filoksera zararlisinin Ullkemiz bag alanlarina
girmesiyle yerli bagcilik yapilamaz hale gelmistir.
Bu
kosullara adaptasyonu iyi ve lretilecek olan Gziim

nedenle filokseraya dayanikh, ekolojik
cesitleriyle iyi uyusma gosteren Amerikan asma
anaclari kullanarak bag tesis etmek zorunlu hale
gelmistir. Ulkemizde yaygin olarak kullaniimakta
olan 1103 P Amerikan asma anaci uzerine sekiz
sofralik (zim c¢esidinin masa basi omega asi
yontemiyle asilanmasi sonucu gergeklestirdigimiz
calismada, 1103 Paulsen anaciyla en yiiksek asi
tutma oranina sahip cesit Trakya ilkeren (% 98.53)
olurken, en disuk performans Hamburg Misketi
(% 67.53) cesidinde belirlenmistir. Asih asma
fidanlarinda ortaya cikabilecek  gecikmis
uyusmazliklara karsi bu calismada elde edilen
veriler 6n bilgi agisindan énemlidir. Ancak fidanlar
bag yerine dikildikten sonra da gerekli kontroller
devam ettirilmelidir. Ureticilere yetistiriciligi
yapilacak cesitlerle ilgili onerilerde bulunurken
bahsedilen o6zelliklerin dikkate alinmasi, bagcilik

acisindan basariya ulasmada yararli olacaktir.
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Aragstirma Makalesi/Research Article

Igdir ili yonca alanlarinda Hypera postica Gyllenhal (Coleoptera:
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Giris

(074

Calisma 2014 ve 2015 yillarinda 1gdir ili Merkez, Aralik, Karakoyunlu ve Tuzluca ilgelerinde 61
yonca tarlasinda Yonca hortumlu bocegi, Hypera postica (Gyllenhal, 1813) (Coleoptera:
Curculionidae)'nin larva parazitoitlerini ve parazitlenme oranlarini belirlemek amaciyla ele
alinmistir. Her iki yilda, el ve atrap yardimiyla toplam 9826 larva toplanmis ve laboratuvarda
25 °C ve 755 nem ortaminda 20x20x30 cm ebatlarindaki plastik kaplarda kiltiire alinmistir.
Larvalar ergin oluncaya kadar taze yonca bitkisiyle beslenmistir. Calismanin sonunda, zararli
H. postica’nin larva parazitoiti olarak Bathyplectes curculionis (Thomson, 1887)
(Hymenoptera, Ichneumonidae) tiirti belirlenmistir. Parazitlenme oranlari ise 2014 ve 2015
yillarinda sirasiyla Merkez ilgede %12.2 - 11.2, Aralik'ta %16.8 - 9.8, Karakoyunlu'da %6.7 -
17.0 ve Tuzluca'da, %21.7 - 16.9 olarak bulunmustur.

Anahtar Kelimeler: Hypera postica, Bathyplectes curculionis, Parazitlenme orani, Yonca,
Igdir

ABSTRACT

This study was carried out to identify the parasitoids larvae and parasitism rates of Hypera
postica (Gyllenhal, 1813) (Coleoptera: Curculionidae) in 61 alfalfa fields of Central, Aralik,
Karakoyunlu and Tuzluca districts of Igdir province in between the years of 2014 and 2015.
For both years, a total of 9826 larvae were collected by hand and sweep net and kept at
2511°C and 75+5% RH. in plastic containers (20x20x30 cm dimension) in the laboratory. The
larvae were fed with fresh alfalfa plants until reach adult stage. As a result of the study,
Bathyplectes curculionis (Thomson, 1887) of the family Ichneumonidae of the order
Hymenoptera were determined as larval parasitoid of H. postica. The parasitism rates, as
12.2 - 11.2% in Central, 16.8 - 9.8% in Aralik, 6.7 - 17.0% in Karakoyunlu and 21.7 - 16.9% in
Tuzluca were recorded between two consecutive years, respectively.

Key Words: Hypera postica, Bathyplectes curculionis, Parasitism rates, Alfalfa, 1gdir

hayvanlar icin besleyici olup, vitaminlerce

zengindir. Yonca bitkisi yukaridaki faydalarinin

Yonca (Medicago sativa L.) onemli bir yem
bitkisi olup, Glkemizde ve dlinyada genis alanlarda
ekimi yapilmaktadir. Yem bitkileri icerisinde en
yiksek besin degerine sahiptir. Kuru ve yesil otu
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yaninda yesil glibre ya da toprak islahi amaci ile
de vyetistirilmektedir. Ayni zamanda koklerinin
kadar
bitkilerinin faydalanmadigi besin maddelerini Ust

derinlere inmesi  sonucunda diger
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katmanlara tasiyarak kendisinden sonra ekilen
bitkilere organik madde ve azotga zengin bir
toprak birakmaktadir. Bunun yaninda Rhizobium
bakterileri ile ortak yasama girerek havanin
serbest azotunu topraga saglama yetenegine de
2001).

bitkilerinden Ustin kilan bu o6zelliklerine ilaveten;

sahiptir (Aclikgoz, Yoncayl diger yem
uzun omurltligl, vejetasyon déneminde bircok
defa bigilebilmesi, adaptasyon yeteneginin ylksek
olmasi, verim ve besin degerinin ylksekligi, ekim
ndbetinde onemli etkinligi ve kimi gesitlerinin
otlatilmaya dayanikliligidir (Soya ve ark., 2004). Bu
Ozellikleri nedeniyle yonca bitkisi ilkemizde, yem
bitkileri icinde tarimi en fazla yapilan bitki
durumundadir (Yolcu ve Tan, 2008). Taik (2017)
verilerine goére, Ulkemizde 659 432 ha alanda
yonca ekilmekte ve 17 561 190 ton vyesil ot
Uretilmektedir. Igdir ilinde ise 34 266 ha alanda
yonca ekilmekte ve 1 833 100 ton vyesil ot
uretilmektedir. Igdir ili, Dogu Anadolu Boélgesi
illerine gore, farkli iklim ve topografik yapilarindan
dolay! yil icinde yonca bigimi ortalama 3-4 defa
yapilabilmektedir. Ureticiler icin yonca hem kendi
hayvanlarinin besini olarak hem de {retim
fazlasini satarak 6nemli gelirler elde etmektedir.
Ancak, yonca Uretimini olumsuz etkileyen bir¢ok
bocek bulunmaktadir. Bunlarin basinda Yonca
Hortumlu BOcegi, Hypera postica (Gyllenhal,
1813) (Coleoptera: Curculionidae) gelmektedir.
Asil zarari birinci bicime kadar olan dénemde
larvalar yapmakta ve yonca tariminin yapildig
ciddi
olusturmaktadir (Essig ve Michelbacher, 1933;
Clausen, 1977, Steffey ve Armbrust, 1991; Metcalf
ve Luckman, 1994; Blodgett ve Lenssen, 2004;
2011).

postica’nin giinimuze kadar bircok yumurta, larva

bircok yerde yoncada zararlar

Moradi—-Vajargah ve ark,, Hypera

ve ergin parazitoitleri belirlenmistir. Bunlar

icerisinde ergin parazitoiti olarak; Microctonus
aethiopoides (Hymenoptera, Braconidae), larva

parazitoitleri olarak; parazitoit olarak,
Bathyplectes  curculionis, B. stenostigma
(Thomson), ve B. anurus (Thomson) tirleri

belirlenmistir (Al Ayedh ve ark., 1996; Brewer ve
1997).
Anaphes (=Patasson)

ark., Yumurta parazitoitleri olarak;

luna (Girault) Anaphes
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1905,

fuscipennis Haliday 1833

(TAXAPAD, 2018)
Crawford

conotracheli Girault, Anaphes
(Hymenoptera:
Fidiobia
(Hymenoptera:

Mymaridae) ve
rugosifrons
Platygastridae) (Niemczyk ve Flessel, 1970; Ellis,
1973; Hogg ve Kingsley, 1983) ve Anaphes sp.
near leptoceras (Debauche, 1948) (Gozuacik ve
Pricorp, 2017) belirlenmistir. Ureticiler, pratikte
bocegin zararini  engellemek igin, insektisit
kullanmayi tercih etmektedir. Ancak micadelede
yeterli basari saglanilamadig gibi, kullanilan
insektisitler cevreyi kirletmekte, biraktig kalintiyla
birlikte hayvanlara besin olarak verilmekte ve
Ureticiler 6nemli miktarda Grln kayiplari ile kargi
dozunda,

dikkate

dogal

zamanda,
esigi
insektisitler

karsilya kalmaktadir. Ayni
zamaninda ve ekonomik zarar
bu
dengeyi de olumsuz etkilemektedir.

alinmadan kullanilan
Bu calisma Igdir ili yonca alanlarinda zararh

olan H. postica’nin larva parazitoitleri ve
parazitlenme oranlarinin belirlenmesi amaciyla

2014 ve 2015 yillarinda ele alinmustir.

Materyal ve Metot

Calismalar 2014 ve 2015 vyillarinda Igdir ili
Merkez, Aralik, Karakoyunlu ve Tuzluca ilgelerinde
yer alan 61 yonca tarlasinda 26.03.2014-7.6.2014
17.3.2015-29.05.2015
yoncanin 1. bicimi oncesi yirutilmastir. Hypera

ve tarihleri  arasinda
postica larvalari el ve standart atrap (38 x 90 cm )
yardimiyla her bir tarlanin 10 farkli yerinden 10’ar
atrap sallanarak toplanmistir. Toplanan larvalar
icinde yonca bitkisinin oldugu ve {Uzerlerinde
etiket bilgilerinin yazildigr 20x20x30 cm gapindaki
laboratuvara  getirilmistir.
°C ve 7515 nem

ortaminda 20x20x30 cm capindaki plastik kaplara

plastik  kaplarda

Larvalar laboratuvarda 25%2

her kap icinde 50 larva olacak sekilde kiiltiire
alinmistir. Larvalar ergin oluncaya kadar taze
yonca bitkisiyle beslenmistir. Kiltlrler, glinlik
kontrol edilmis ve ¢ikis yapan ergin parazitoitler
teshis ve sayim igin icinde %70 etil alkol bulunan
2x10
Parazitoitlerin teshisleri

kapakli  plastik  tlplere  alinmistir.
Dr. Janko KOLAROV

(Faculty of Pedagogy, University of Plovdiv, 24
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Tsar Assen Str., 4000 Plovdiv, Bulgaria) tarafindan

yapilmigtir. Parazitlenme oranlari ise
parazitlenmis ve parazitlenmemis larva sayilari

oranlanarak elde edilmistir.

Arastirma Bulgulari ve Tartisma

Igdir ili yonca alanlarindan Hypera postica’nin

larvalarindan Hymenoptera takiminin

Ichneumonidae  familyasindan Bathyplectes
curculionis (Thomson, 1887) tiir(i tespit edilmistir.
Bu tilr, soliter endoparazit olup, H. postica’nin
yaygin

parazitoitlerindendir. B. curculionis, 1gdir ilinde

dinyada en olarak gorilen larva
yonca alanlarinda her iki yilda da H. postica
larvalarindan elde edilmis olup, parazitlenme
oranlari Cizelge 1 ve 2’de verilmistir.

Cizelge 1 incelendiginde, I1gdir ili Merkez ilgede
2014 yil galismalarinda, 9 farkl yonca tarlasindan
547 H. postica
larvalardan 67 B. curculionis ergini elde edilmis ve
%12.2

belirlenmistir.

larvasi kiltire alinmistir. Bu

ortalama parazitlenmenin
ilcede

ylrGtildigl alanlarda en yliksek parazitlenme
%33.0
Hakmehmetl'de ise
Aralik
calismalarda 11 farkh yonca tarlasinda toplam

oldugu

Merkez ¢alismanin

oraniyla Calpala’da gorilmus,

parazitlenmeye
rastlaniimamistir. ilcesinde yapilan
1710 larva toplanmis ve bu larvalardan 288 B.

curculionis ergini alinmistir. Ortalama

%16.8
ilcesinde en

orani ise, olarak
Aralik
%57.5

Asagi

parazitlenme
belirlenmistir. yiksek
parazitlenme ile  Emince’de gorilmdis,

Haciaga, Aratan ve Ortakoy’'de ise

parazitlenmeye rastlanilmamistir. Karakoyunlu
ilcesinde 5 farkli yonca tarlasinda toplam 4185
larvalardan 280 B.

edilmistir.

larva toplanmis ve bu

curculionis ergini elde Ortalama
parazitlenme orani, %6.7 olarak belirlenmistir.
Karakoyunlu ilcesinde en yiliksek parazitlenme
%15.2 ile Bulakbasi1’de goriilmus, diger alanlarda
ise parazitlenme orani %5.5 ile %8,0 arasinda
degismistir. Tuzluca ilcesinde 4 farkli yonca
tarlasinda toplam 251 larva toplanmis ve bu
larvalardan 57 B. curculionis ergini elde edilmistir.
%21.7 olarak

Ortalama parazitlenme orani,

belirlenmistir. Tuzluca ilcesinde en yliksek

parazitlenme %29.8 ile Egrekdere’de bulunmus,
diger alanlarda ise parazitlenme orani %5.8 ile
%25.0 arasinda degismistir.

Cizelge 1. Hypera postica’nin 2014 yili Igdir ili Merkez,
Aralk, Karakoyunlu ve Tuzluca ilgelerindeki
parazitlenme oranlari (%)

Table 1. Parasitism rates (%) of Hypera postica in Central,
Aralik, Karakoyunlu and Tuzluca districts of Igdir
province in 2014

MERKEZ
Toplam Ergin Parazitlenme
larva parazitoit orani (%)
sayisl sayisl
Hakmehmet 39 4 10.3
Sarigoban 24 1 4.2
Alikose 200 14 7.0
Calpala 106 35 33.0
Asagi Carikgl 26 1 3.8
Melekli 12 3 25.0
Yaycl 70 7 10.0
Kuzugliden 43 2 4.7
Hakmehmetl 27 0 0.0
Toplam 547 67 12.2
ARALIK
Toplam Ergin Parazitlenme
larva parazitoit orani (%)
sayisl sayisl
Emince 153 88 57.5
Hacliaga 7 0 0.0
Yukar ciftlik 114 23 20.2
Asagl aratan 2 0 0.0
Ramazankent 314 46 14.6
Ortakoy mah. 151 1 0.7
Godekli 162 41 25.3
Hacliaga 51 21 41.2
Asagi Giftlik 229 64 27,9
Ortakoy 36 0 0.0
Aras Mah. 491 4 0.8
Toplam 1710 288 16.8
KARAKOYUNLU
Toplam Ergin Parazitlenme
larva parazitoit orani (%)
sayisl sayisl
Karakoyunlu 1105 69 6.2
Bulakbasi 1880 104 5.5
Bulakbasi-1 270 41 15.2
Gacer 594 39 6.6
Yukari Alican 336 27 8.0
Toplam 4185 280 6.7
TUZLUCA
Toplam Ergin Parazitlenme
larva parazitoit orani (%)
sayisl sayisl
Yukari mah. 52 3 5.8
Egrekdere 121 36 29.8
Tuzluca 68 17 25.0
Karabulak 10 1 10.0
Toplam 251 57 21.7
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Cizelge 2. Hypera postica’nin 2015 yili Igdir ili Merkez,
Aralk, Karakoyunlu ve Tuzluca ilgelerindeki
parazitlenme oranlari (%)

Table 2. Parasitism rates (%) of Hypera postica in Central,
Aralik, Karakoyunlu and Tuzluca districts of Igdir
province in 2015

MERKEZ
Toplam Ergin Parazitlenme
larva sayisi parazitoit orani (%)
sayisi
Kazanci 29 3 10.3
Hakmehmet 39 4 10.2
Sarigoban 24 1 4.2
Alikose 200 14 7.0
Calpala 106 35 33.0
Asagi Carikgt 26 1 3.8
Yukari Carikgt 65 2 3.2
Yaycl 70 7 10.0
Kuzugiiden 43 2 4.7
Hakmehmet 27 0 0.0
Melekli 12 3 25.0
Toplam 641 72 11.2
ARALIK
Toplam Ergin Parazitlenme
larva sayisi parazitoit orani (%)
sayisi
Yukari 343 80 23.3
¢amurlu
Tazekoy 249 5 2.0
Ramazankent 188 16 8.5
Tasburun 17 5 29.4
Asag ciftlik 35 1 2.9
Godekli 36 16 44.4
Ortakoy 48 0 0.0
Haciaga 170 15 8.8
/Aralik
Yukari 95 4 4.2
toprakl
Babacan 345 7 2,0
Toplam 1528 149 9.8
KARAKOYUNLU
Toplam Ergin Parazitlenme
larva sayisi parazitoit orani (%)
sayisi
Karakoyunlu 62 7 11.3
Bulakbasi 73 18 24.7
Orta Alican 44 5 11.4
Cennetabat 39 4 10.3
Yukari Alican 8 0 0.0
Gokgeli 30 10 33.3
Gacer 73 12 16.4
Toplam 329 56 17.0
TUZLUCA
Toplam Ergin Parazitlenme
larva sayisi parazitoit orani (%)
sayisi
Egrekdere 118 26 22.0
Karabulak 223 38 17.0
Kamisli 171 18 10.5
Tuzluca 114 24 21.1
Toplam 626 106 16.9
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Cizelge 2 incelendiginde, Igdir ili Merkez ilcede
2015 yii  galismalarinda, 11 farkh
tarlasindan 641 H. postica larvasi
alinmistir. Bu larvalardan 72 B. curculionis ergini

yonca
kaltire

elde edilmis ve ortalama %11.2 parazitlenmenin
oldugu belirlenmistir. Merkez ilcede ¢alismanin
ylritildigh alanlarda en yliksek parazitlenme
%33.0 Calpala’da
Hakmehmet’'de ise parazitlenmeye rastlanilmamis
%3.2 %25.0 arasinda
degismistir. Aralik ilgesinde yapilan galismalarda

oraniyla gorilmus,

diger alanlarda ise ile
10 farkh yonca tarlasinda toplam 1528 larva
toplanmis ve bu larvalardan 149 B. curculionis
ergini alinmistir. Ortalama parazitlenme orani ise,
%9.8 olarak belirlenmistir. Aralik ilgesinde en
%44.4 Godekli'de

ise  parazitlenmeye

yliksek parazitlenme ile
Ortakoy’de

rastlanilmamis, diger alanlarda ise %2.0 ile %29.4

gorulmaus,

arasinda degismistir. Karakoyunlu ilcesinde 7
farkh yonca tarlasinda toplam 329 larva toplanmig
ve bu larvalardan 56 B. curculionis ergini elde
edilmistir. Ortalama parazitlenme orani, %17.0

olarak belirlenmistir. Karakoyunlu ilgesinde en

yiksek parazitlenme %33.3 ile Gokceli'de
gorilmuis, diger alanlarda ise parazitlenme orani
%10.3 ile %27.7 arasinda degismis Yukari

Alican’da ise larva sayisi disik bulunmus ve

parazitlenme orani belirlenmemistir. Tuzluca
ilgesinde 4 farkli yonca tarlasinda toplam 626
106 B.

Ortalama

larva toplanmis ve bu larvalardan

curculionis ergini elde edilmistir.
parazitlenme orani, %16.9 olarak belirlenmistir.
Tuzluca ilgesinde en yiliksek parazitlenme %22.0
ile Egrekdere’de bulunmus, diger alanlarda ise
parazitlenme orani %10.5 ile %21.1 arasinda
degismistir.

Igdir ilinde her iki yilda yapilan c¢alismalar
degerlendirildiginde 2014 yilinda toplam 6693
larva kiltire alinmis ve bu larvalardan 692
parazitoit ergini elde edilmis ve parazitlenme
orani %10.3 olarak belirlenmistir. ilcelerdeki en
yuksek parazitlenme %21.7 oraniyla Tuzluca’da,
en dugukte %6.7 oraniyla Karakoyunlu’da tespit
edilmistir. Calismalarin ikinci yilinda ise, toplam
3124 larva kiltiire alinmis ve bu larvalardan 383

parazitoit ergini elde edilmis ve parazitlenme
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orani %12.3 olarak belirlenmistir. ilcelerdeki en
%17.0

%9,8
Aralik’ta kaydedilmistir. ilcelerdeki parazitlenme

yuksek parazitlenme oraniyla

Karakoyunlu’da, en disukte oraniyla
oranlarindaki bu farkhhgin, yonca alanlarinin farkli
ekosistemlerde bulundugu, o6zellikle polikiltar
tarimin yogun olarak yapildigi ve biyogesitliligin
zengin oldugu alanlarda parazitlenme oranlarinin
oldugu

oranlarinin dusik oldugu ekosistemlerde

yuksek gorulmustir.  Parazitlenme
ise
yoncanin genis alanlarda bitisik tarlalar olacak
sekilde ekildigi ve bu alanlarda insektisit uygulama
sayisinin fazla olmasi (2 ya da 3 defa) ve tavsiye
disi  genis

edilmesinden

spektrumlu insektisitlerin  tercih

kaynaklandigi, dustnilmektedir.
Igdir ilinde her iki yilda da H. postica larvalarindaki
parazitlenme oranlarinda farkhliklar bulunmustur.
Kuhar ve ark. (2000), Virginia’da 6nemli bir zararli
H.

anurus

konumunda olan postica  larvalarinin,

Bathyplectes (Hymenoptera:
%36-92

bildirmislerdir.

Ichneumonidae) tarafindan oranlari

arasinda parazitlenebildigini
Kingsley ve ark., (1993), B. curculionis ve B.
%21
bdceginde olimlere neden olabildigini

belirtmislerdir. Efil (2018)’in Diyarbakir, Mardin ve

anurus’un oraninda yonca hortumlu

Sanlurfa’da vyaptigi c¢alismada parazitlenme
oraninin genelde disik oldugunu, en fazla
parazitlenme oraninin  %22.22 ile Mardin

(Kiziltepe) lokasyonunda bulundugunu, Diyarbakir
(Merkez) ve Sanhurfa (Akcakale) lokasyonlarindaki
parazitlenme oranlarinin %3.75 ile 0.55 arasinda
(1974) B.
curculionis’in yonca hortumlu boécegi larvalarini

degistigini  bildirmistir.  Davis

%63’e kadar parazitleyebildigini bildirmistir.

Sonuglar

Igdir ili Merkez, Aralik, Karakoyunlu ve Tuzluca
ilcelerindeki yonca tarlalarinda 2014 ve 2015
yillarinda vyapilan c¢alismalarda H. postica'nin
birinci yil 30, 2. yil 32 yonca tarlasindan toplam
9826 Bu
Bathyplectes curculionis parazitoiti elde edilmistir.

larvalari  toplanmistir. larvalardan

Parazitlenme oranlari ise 2014 ve 2015 vyillarinda
sirasiyla Merkez ilcede %12.2 - 11.2, Aralk'ta
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%16.8 - 9.8, Karakoyunlu'da %6.7 - 17.0 ve
Tuzluca'da, %21.7 - 16.9 olarak bulunmustur.
Yonca bitkisinde asil zarari H. postica larvalari
yapmakta ve bu zarar ilk bicimde elde edilecek
Urinde onemli kayiplarina neden olmaktadir.
Ureticiler, bu zarari énlemek icin yogun olarak
Bu da

dogal dengenin zararli lehinde bozulmasina neden

kimyasal miicadeleye basvurmaktadir.
olmaktadir. Galismalarda kimyasallarin daha az
ve biyo-cesitliligin  zengin oldugu
daha etkin
gorilmektedir. Ayrica, ¢alismalarda parazitlenme

uygulandigi

alanlarda  parazitoitin oldugu
oranlarinin ayni ekosistem icerisinde neredeyse
tarlaya degistigi bu da

Ureticilerin micadeleyi farkli zamanlarda ve farkli

tarladan gorilmus,

sayilarda bilingsizce yaptigi anlasilmistir. Bundan

dolayi, (Ureticilerin zararliyi kontrol etmede,

micadeleye entegre miicadele cercevesinde

yaklasmasi ve bu konuda uygulamall ciftgi

egitimlerin daha sik ve etkin bir sekilde yapilmasi

entegre miucadeleyi destekleyecek egitimlerin

verilmesinin (mutlu ve ark., 2016) yararh olacagi
kanaatine variimistir.
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Introduction

Tarhana is a popular cereal-based traditional
fermented product used

ABSTRACT

Tarhana is traditional food product containing wheat flour. Because of wheat flour contains
gluten, it is forbidden for celiac patients. The aim of this study was to determine physical,
chemical, functional and sensorial properties of tarhana produced from gluten-free flours
instead of wheat flour. The findings in this study showed that the use of non-cereal flours
such as lupin, chickpea, common bean and buckwheat flours improved the chemical
properties of tarhana compared to the use of cereal flours such as wheat, corn and rice
flours. The highest Mg and P values were determined with buckwheat flour. Using lupin
flour gave the highest Ca, Mn, foaming capacity, water absorption capacity and emulsifying
activity values in tarhana. Using corn and rice flour resulted more lighter tarhana color than
the others used in tarhana. According to sensorial evaluation; using chickpea,
commonbean, rice and buckwheat flours improved the overall acceptability of tarhana.

Key Words: Gluten-free, Tarhana, Non-cereal flour, Functional properties, Sensory
evaluation

(0

Tarhana, bugday unu iceren geleneksel bir gida Grintdir. Bugday unu gluten igerdigi igin,
¢Olyak hastalari tarafindan tlketilmesi yasak bir gidadir. Bu calismanin amaci; tarhana
tretiminde bugday unu yerine farkli glutensiz unlarin kullaniminin; tarhananin fiziksel,
kimyasal, fonksiyonel ve duyusal 6zellikleri Gizerine etkilerinin arastirilmasidir. Calismanin
sonuglarina gore, tarhana lretiminde lupin, nohut, kuru fasulye ve karabugday unu gibi tahil
olmayan unlarin kullanimi; bugday, misir ve piring unu gibi tahil unlarinin kullanimina kiyasla
kimyasal 6zellikleri gelistirmistir. En yliksek magnezyum ve fosfor icerigi karabugday ununda
tespit edilmistir. Lupin unu kullanimi; tarhanada en yiksek kalsiyum, mangan icerigi, kopuk
olusturma kapasitesi, su tutma kapasitesi ve emiilsiyon aktivitesi degerleri olusturmustur.
Misir ve piring unu kullanimi; diger tarhana orneklerine gére daha agik renge sahip tarhana
elde edilmesine neden olmustur. Duyusal analiz sonuglarina gore; tarhana lretiminde;
nohut, fasulye, piring ve karabugday unu kullanimi, tarhananin genel kabul edilebilirligini
arttirmistir.

Anahtar Kelimeler: Glutensiz, Tarhana, Tahil olmayan un, Fonksiyonel 6zellik, Duyusal
degerlendirme

Turkey. It is produced by mixing cereal flours,

yoghurt, yeast and a variety of vegetables and

spices (Erkan et al., 2006) and by fermentation of

in making soup in  the mixture for 1 to 7 days (Tangiiler, 2014). After
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dried
(Degirmencioglu et al., 2016) and grounded to
powders (Tarakg et al., 2004; Erbas et al., 2005).
Tarhana has high nutritional

fermentation, tarhana  dough s

value and s
considered to be a good source of proteins,
vitamins (B; and B;) and minerals (calcium, iron,
sodium, potassium, magnesium, zinc and copper)
(Daglioglu, 2000). Tarhana, which is very useful
for children and babies, also contributes to bone
development and strengthens bones. Thanks to
the lycopene contained in its body to protect
against many diseases are the benefits of the
tarhana. Therefore, according to ibanoglu and
ibanoglu (1999), tarhana is widely used in human
diet (Ucok et al., 2019). Due to its low pH (3.8-4.2)
and low moisture content (6-9 g/100g), tarhana is
an inadequate source for growing pathogens and
spoilage microorganisms (ibanoglu and ibanoglu,
1999).

Tarhana is generally produced from wheat
flour (Erkan et al., 2006). Therefore, it is not
suitable for celiac people who suffered from
celiac disease. Celiac disease is an autoimmune
disorder induced by the ingestion of gluten
proteins present in wheat, barley, and rye
(Rewers, 2005). It is well known that foods
produced from wheat flour contain gluten, and
any kind of food which contains gluten is not safe
for celiac people. Therefore, celiac people must
consume a strict gluten-free diet throughout their
life (Akoglu and Orug, 2018). The most known
cereal flours used for gluten-free breads are rice
(Renzetti and Arendt, 2009), sorghum and corn
flours (Sciarini et al., 2012). Corn, lupin, chickpea,
common bean, rice, buckwheat flours are suitable
for a wide range of food applications and they can
be processed into a number of palatable,
nutritious food products. Han et al. (2010) studied
with chickpea, green and red lentils, pinto bean,
navy bean, yellow pea flour for developing gluten-
free cracker snacks. Constantini et al. (2014) used
common buckwheat (Fagopyrum esculentum
Moench) and Tataryn buckwheat (Fagopyrum
tataricum Gaertn) flours and chia flour in their
study in order to enrich the nutritional value of

the gluten-free breads. Despite the fact that
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gluten-free foods are safe for celiac people, the
production of these foods in good quality is very
challenging from the standpoint of consumers’
acceptance. On the other hand, it is important to
emphasize that the properties of food products
such as healthy, nutritious, price, taste, naturality,
filling, freshness, quality and cultural habits of
individuals should taken into consideration when
making a decision about food and nutrition (Aktas
and Ozdogan, 2016).

Comprehensive literature searching showed
that there were inadequate studies about the
utilization of corn, lupin, chickpea, common bean,
rice in tarhana production. Therefore, the aim of
this study was to develop an enriched formulation
for gluten-free tarhana, which might be a good
alternative with its higher nutritional value for the
celiac people. For this purpose, corn, lupin,
chickpea, common bean, rice and buckwheat
flours were used for the gluten-free tarhana
production.

Materials and methods

Materials

Commercial type wheat flour (WHF) and corn
flour (CRF) were obtained from local markets in
Konya, Turkey. Lupin flour (LPF), chickpea flour
(CPF), common bean flour (CBF), rice flour (RCF)
and buckwheat flour (BWF) were obtained by
milling the seeds. These flours were used as main
ingredients in the tarhana production. The other
ingredients for the tarhana production were
pepper paste (22 g/100g total dry solids), medium
sized of onions, mint (in powder form) and
paprika (in powder form).

Preperation of tarhana samples

The tarhana samples (WHF tarhana (WHT as
control sample), CRF tarhana (CRT), LPF tarhana
(LPT), CPF tarhana (CPT), CBF tarhana (CBT), RCF
tarhana (RCT) and BWF tarhana (BWT)) were
produced at laboratory scale. The following
formulation was used in the tarhana production:
400 g flour, 160 g yoghurt, 40 g pepper paste, 20

g chopped onions, 8 g hot pepper, 10 g baker’s
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yeast and 4 g salt. These ingredients were mixed
with 100 ml of water using a Kenwood mixer
(Chef KM330, Hampshire, UK) for 5 min.
Emulsifiers, hydrocolloids, protein isolates of
different sources should be used in dough
formulas instead of gluten to achieve desired
rheological properties during dough making
(Masure et al., 2016). The gums are super sticky
thickening agent that can be used as a
replacement for gluten, and do not contain
gluten, so they are safe for celiac patients and any
other wheat and gluten intolerances. In the
production of gluten-free tarhana samples, 1.5
g/100g guar gum was used for each production.
After mixing, tarhana dough was fermented at
30°C for 3 days in an incubator. The pH of the
dough was controlled continously and the
fermentation was ended at pH of 4. The dough
was also kneaded six-times by hand for 12 h.
Then, the fermented dough was dried in trays in
an air oven (Ozkoseoglu PFS-9, Turkey) at 552C for
48 h up to 10% moisture content (w/w, d.b.). The
dried tarhana samples were ground and sieved to

a particle size smaller than 1 mm screen opening.

Chemical properties

The moisture, ash and protein (Factor; N x 5.70
for cereal flours; N x 6.25 for non-cereal flours)
contents of samples were determined according
to AACC Methods of 44-15A, 08-01 and 46-12,
respectively (AACC, 2000). The mineral contents
of tarhana samples were determined by an
Inductively Coupled Plasma-Atomic Emission
Spectrometers (ICP-AES) (Vista series, Varian
International AG, Switzerland) as explained by

Bubert and Hagenah (1987).

Functional Properties

Water absorption capacity and oil absorption
capacity

Five grams of tarhana powder was thoroughly
mixed with 25 ml of distilled water to determine
water absorption capacity or sunflower oil to
determine oil absoption capacity in separately
centrifuge tubes. The dispersion was stirred at 15
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min intervals over a 60 min period and then
The
supernatant volume was measured. The water or

centrifuged at 4000 x g for 20 min.

oil volume absorbed by tarhana powder was
determined. Water and oil absorption capacity
values were expressed as mL of water or oil
absorbed by per gram of tarhana sample (Hayta
et al., 2002).

Foaming capacity and foam stability

Ten grams of tarhana powder was dispersed in
25 ml distilled water and stirred for 20 min. The
dispersion was centrifuged at 4000 x g for 20 min.
Supernatant was filtered (Whatman No. 1) and
transferred into a Waring blender and whipped
for 2 min at high-speed (Hi-20,800 rpm) The
solution was poured into a measuring cylinder,
and the volume of the foam was recorded after
10 sec. The foaming capacity was expressed as
the volume (ml) of gas incorporated per mL of
solution. The foam stability was recorded as the
time (min) passed until the half of the original
foam volume (ml) had disappeared (Hayta et al.,
2002).

Emulsifying activity

Ten grams of tarhana powder were dispersed
in 25 ml distilled water at 25°C and stirred for 20
min and then the solution was centrifuged at
4000 x g for 20 min. Sunflower oil were mixed
with
homogenized for 5 min at low-speed (Low-15,800

equal volumes of supernatant and
rom) in a Waring blender. The homogenized

mixture was transferred into a measuring
cylinder. The emulsifying activity was expressed
as percent volume of the emulsified layer in total

volume of the mixture (Hayta et al., 2002).

Color measurement

A colorimeter (Minolta Chroma Meter CR-400,
Minolta, Osaka, Japan) was used to determine the
Hunter lab colours by measuring L* (100=white;
O=black), a* (+, red; -, green) and b* (+, yellow; -,

blue). The instrument was calibrated with
illuminate D65 as reference before the
measurements.
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Sensory analyses

Tarhana prepared from tarhana

powders were subjected to sensory evaluation.

soups,

To determine the sensory properties of tarhana
soup, 25 g tarhana powder (dry basis) was mixed
with 250 ml water (10°C) and simmered for 10
with
evaluated by 25 panelists (14 men and 11

min constant stirring. Tarhana were
women). The soups were filled to porcelain bowl
at 50°C and served to panelists under daylight
room conditions. Colour, taste, stickiness,
sourness, grittiness and overall acceptability of
tarhana soup were evaluated using 9 point
hedonic scale with “1” being “dislike extremely”,
“2"” being “dislike very much”, “3” being “dislike
moderately”, “4” being “ dislike slightly”, “5”
being “neither like or nor dislike”, “6” being “like
slightly”, “7” being “like moderately”, “8” being

“like very much” and “9” being “like extremely”.

Statistical analyses

The data obtained in the present study were
subjected to analysis of variance (ANOVA) using
the software of Statistical Package for the Social
Sciences—SPSS 15.0 (2006, SPSS Inc., USA). The
mean values were compared using Tukey HSD
Post Hoc Test (P<0.05). All experiments were
performed in triplicate.

Results and discussion

The moisture, ash and protein contents of flour
samples are presented in Table 1. Although, no
significant difference in the moisture content was
found between WHF, LPF, CPF, CBF and BWEF, a
slight decrease was observed between LPF, CBF
and BWF when compared to WHF descriptively.
However, CRF had the highest moisture content
among the flours. The ash contents of the
samples were found to be between 0.54-4.11
g/100g. No significant difference in the ash
content was found between LPF, RCF and BWF.
While WHF had the lowest ash content (0.54
g/100g), CBF had the highest ash content (4.11
g/100g) among the samples (Table 1). Brigide et al
(2014) reported that common bean showed an

ash content ranging from 4.1 to 4.82%. Our
findings in line with the observations realized by
Tirksoy (2018) who indicated that CBF (3.90
g/100g) had the higher ash content than WHF
(0.60 g/100g). De Almeida Costa et al. (2006)
found that the ash content of CBF was 3.80
g/100g in their study. The protein contents of
flours ranged from 9.35 to 34.83 g/100g. LPF had
the highest protein content when compared with
the other flours used in this study.

Table 1. Proximate composition of cereal and non-cereal
flours used in tarhana production
Cizelge 1. Tarhana liretiminde kullanilan unlarin yaklasik

bilesimleri

Moi .

(g;)llsotggr)e Ash (g/100g) Protein (g/100g)

Nem Kl Protein
WHF  g.95+0.12“ 0.54 +0.04°  10.72 +0.14°
BU
CRF
MU  14.68 +0.41° 1.26+0.08°  10.31+0.05°
tZF 9.37 +0.03° 2.02 £ 0.09° 34.83 +0.04°
E'LF 10.26 + 0.08° 2.51+0.13° 18.03 +0.11°
gEF 9.87+0.21 4.11+0.24° 17.67 +0.19°
?ZF 11.22 +0.09° 1.64+0.03“  9.35+0.52°
%VF 9.56 + 0.08° 1.97 + 0.04° 12.54 + 0.41°
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Data are expressed as mean values * standard deviations
(n=2); mean values within the same column with different
superscripts are significantly different (P<0.05); the letter
““a’” denotes the highest value. WHF: wheat flour (as control
sample); CRF: corn flour; LPF: lupin flour; CPF: chickpea
flour; CBF: common bean flour; RCF: rice flour; BWF:
buckwheat flour.

"N x 5.70 for cereal flours; N x 6.25 for non-cereal flours.

Cizelgedeki degerler analizlerde elde edilen sonuglarin
ortalama degerleridir; analizi yapilan oOrnek sayisi 2'dir
(n=2); ayni sttundaki farkh dst indis harfler sonuglar
arasinda istatistiksel bakimdan fark oldugunu
gostermektedir (P<0.05); “a@” harfi en yiksek degeri ifade
etmektedir. BU: bugday unu (kontrol 6rnegi); MU: misir
unu; LU: lupin unu; NU: nohut unu; FU: fasulye unu; PU:
pirin¢g unu; KU: karabugday unu.

"N x 5.70 tahil unlari icin; N x 6.25 tahil olmayan unlar igin.

The protein content of the tarhana is increased
when a legume flour substituted with the wheat
flour. Because legume flours have higher protein
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content compared to wheat flour. Besides, mixing
of the legumes and cereals ensure the better
combination which provides maximum benefit
from the essential amino acids (Zucco et al.,
2011). Paraskevopoulou et al. (2010) stated that
legumes can be successfully incorporated into the
baked products for enrichment in regard to
protein composition. Han et al. (2010) studied
about the developing of gluten-free cracker by
incorporation of chickpea flour, and they reported
that the cracker containing chickpea flour was
advanced to a trading scale processing test.

The chemical properties of the tarhana
samples are presented in Table 2. The moisture
content of CRT, LPT, CPT, CBT was found to be
significantly (P<0.05) higher than the control
sample (WHT).
found in the moisture contents among WHT, RCT
and BWT samples. As seen from the Table 2, CBT
has the highest ash content (4.74 g/100g) among
the samples. This finding was probably due to the
high ash content of CBF (Table 1). Even though,
no significant differences in ash contents were
observed among WHT, CRT and RCT, the ash
contents of CRT and RCT were found to be slightly
lower than WHT. We found that the protein
content of CRT, LPT, CPT, CBT and BWT were
significantly higher than WHT and RCT. The peak
value of protein content was observed in LPT. This

No significant difference was

is an expected finding, because the LPF has the
highest protein content among the flour samples.

RCT had the lowest protein content among
tarhana samples. Herken and Aydin (2015) found
that use of carob flour in the production of
tarhana samples caused an increase in ash
content and a decrease in protein content. They
stated that statistically significant increase was
determined in ash content with the increasing
substitution level of carob flour. In a previous
study, Daglioglu (2000) stated that moisture,
protein and ash contents of different types of
tarhana were varied between 6.4-13.9% (w/w),
12.0-29.9%  (w/w) 1.4-14.2%  (w/w),
respectively. It is clearly observed that the
moisture, protein and ash contents of tarhana

and

were effected the substitution of different types

305

of flour in tarhana formulation.

The mineral contens of tarhana samples are
given in Table 2. There is a significant differences
(P<0.05) found in Ca, Fe, K, Mg, Mn, P and Zn
contents of tarhana samples. In general tarhana is
known its high nutritional value and is considered
to be a good source of calcium, iron, sodium,
potassium, magnesium, zinc and copper minerals.
But using lupine, common bean and chickpea
flour in tarhana formulation gave higher Ca
content; than control tarhana sample. WHT and
BWT samples gave similar Ca contents. The peak
value of the Ca content was found in LPT sample.
Additionally, CBT has the second highest Ca
content among the tarhana samples. The highest
and the second highest Fe contents were found in
CPT and WHT samples, respectively. The Fe
contents of the other tarhana samples were
found to be lower than CPT and WHT, and varied
between 0.09-0.74 mg/100g. The K contents of
tarhana samples were found to be significantly
different from each other and ranged between
247.60-1406.10 mg/100g. The highest K content
was determined in CBT and the lowest K content
was found in LPT sample. In comparison with the
use of WHF, the use of CRF, LPF, CPF, CBF and
BWF significantly increased the Mg content of
tarhana. However, we found that no significant
difference between Mg contents of WHT and RCT.
The very significant increase in Mg content of
tarhana was found with the use of BWF. It was
reported that the substitution of buckwheat flour
with wheat flour in tarhana formulation increased
ash, protein, fat, cellulose, K, Mg and P contents
(Bilgicli, 2009). The remarkable finding in our
study was related with Mn content of tarhana
samples. The Mn content of LPT had very high
value (48.77 mg/100g) compared to the other
tarhana samples. The Mn contents of tarhana
samples except LPT sample were found to be
between 0.12-1.20 mg/100g.



Table 2. Certain chemical properties of tarhana produced using cereal and non-cereal flours
Cizelge 2. Tarhana tiretiminde kullanilan unlarin bazi kimyasal ézellikleri

90€

Moisture Ash Protein* Ca Fe K Zn
M mg/100 Mn (mg/100 P mg/100
(g/100g)  (g/100g) (/100g) (mg/100g)  (mg/100g) (mg/100g) g  (me/100g) (me/100g) (me/1008) (g/100g)
. . Mg Mn P
Nem Kl Protein Ca Fe K Zn
ZVTHT 6.70 +0.06°  2.01+0.11° 16.01 + 0.04 39.71+0.30° 1.74+0.07° 360.90 + 1.12° 36.01+0.88' 0.44 +0.01° 210.93 +2.81° 0.55 +0.03°
CRT
e 7.76 £+0.04°  1.87+0.03° 22.75+0.11° 26.82 +1.02° 0.09 +0.01° 384.00 + 1.74° 41.11+0.91° 0.12 +0.03° 196.94 + 2.35° 0.58 + 0.06"
t;T 8.47 + 0.08° 2.92+0.14° 35.04 +0.17° 215.88 + 0.72° 0.55 +0.10 247.60 + 2.62°8 67.93 +1.19° 48.77 £ 0.08° 391.68 +2.45% 2.35+0.04°
EPTT 8.32+0.03° 3.55+0.18" 27.91+0.13° 87.86 + 0.75° 3.17+0.11° 1044.90 + 2.28" 96.44 + 1.30° 1.20 +0.03° 306.77 + 2.40° 1.15 + 0.06°
BT
gr 7.95+0.07° 4.74+0.03° 21.83 + 0.06° 126.93 +0.88°  0.74 +0.08° 1406.10 + 2.26° 117.89 + 1.07° 0.89 + 0.06° 385.30+3.03° 1.52 +0.01°
RCT
P(T: 6.78 +0.04°  1.71+0.17° 10.64 + 0.04° 33.68 + 0.69° 0.12 +0.01° 315.00+ 1.73" 33.41+0.96' 0.50 + 0.04° 208.64 + 2.35° 0.77 +0.06°
/'i\TNT 6.81+0.10° 3.00 + 0.04° 17.23 +0.30° 41.68 +0.91° 0.35+0.11% 622.70 + 2.25° 128.52 +1.27° 0.94 +0.03° 396.98 +2.31° 1.23 +0.08°

Data are expressed as mean values + standard deviations (n=2); mean values within the same column with different superscripts are significantly different (P<0.05); the letter “a”’ denotes the
highest value. WHT: wheat tarhana (as control sample); CRT: corn tarhana; LPT: lupin tarhana; CPT: chickpea tarhana; CBT: common bean tarhana; RCT: rice tarhana; BWT: buckwheat tarhana.

*, N x 5.70 for cereal flours; N x 6.25 for non-cereal flours.

Cizelgedeki dederler analizlerde elde edilen sonuglarin ortalama dederleridir; analizi yapilan 6rnek sayisi 2’dir (n=2); ayni siitundaki farkli tist indis harfler sonuglar arasinda istatistiksel bakimdan
fark oldugunu géstermektedir (P<0.05); “a” harfi en yiiksek degeri ifade etmektedir. BT: bugday unu ile liretilen tarhana (kontrol érnegi); MT: misir unu ile iiretilen tarhana; LT: lupin unu ile
tiretilen tarhana; NT: nohut unu ile iiretilen tarhana; FT: fasulye unu ile liretilen tarhana; PT: piring unu ile iiretilen tarhana; KT: karabugday unu ile iiretilen tarhana.

*, N x 5.70 tahil unlari icin; N x 6.25 tahil olmayan unlar igin.
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Yorgancilar et al. (2009) stated that lupin has
higher Mn content and they found that the Mn
content of lupin was 111,38 mg/100g. Therefore,
in our study, the addition of lupin flour caused an
increase in Mn content of tarhana between all the
samples tested. It was observed that the P
contents of LPT, CBT and BWT were found to be
significantly higher than other tarhana samples.
The LPT has the highest Zn content (2.35
mg/100g) among the tarhana samples. The Zn
contents of the other tarhana samples were
found to be varied between 0.55-1.52 mg/100g.
Trugo et al. (2016) stated that lupin seed was a
good source of Zn with values in the range 3.0—
18.0 mg/100g. It is possible to say that the
substitution of different types of flour in tarhana
enhanced the mineral content of all the tarhana
samples tested. However, CF and RF substitution
of tarhana did not caused a noticeably increase as
The
Recommended Daily Allowances (RDA) are 130

compared to other tarhana samples.
mg of magnesium, 800 mg of calcium, 1.5 g of
manganese, 500 mg of phosphorus and 5 mg of
zinc for 4-8 years old children (RDA, 2018). When
100g (dry matter) of tarhana containing 100%
lupin flour is consumed, 52.25% of RDA for Mg,
26.98% of RDA for Ca, 3.25% of RDA for Mn,
78.33% of RDA for P, and 47% of RDA for Zn were
taken by the children body.

Drying methods, fermentation, storage, drying
temperatures,

drying time, drying type and

different tarhana ingredients have important
effect on the functional properties of tarhana
(Bayrakei and Bilgicli, 2015). It was reported that
poor functional properties of food ingredients
was related to its low solubility in aqueous
systems (Wu, 2001). Table 3 represents the
certain functional properties (foaming capacity,
foaming stability, water absorption capacity, oil
absorption capacity and emulsifying activity) and
the colour values (L*, a*, b*) of tarhana samples.
According to Table 3, we can state that the use of
LPF in tarhana production exhibits higher values
for foaming capacity, water absorption capacity,
oil absorption capacity and emulsifying activity.

This finding was mostly due to the higher protein
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content of LPF. Kohajdova et al. (2011) reported
that the addition of LPF up to 10% (w/w) caused
an important increase in water absorption
capacity. Sosulski et al. (1976) , Hayta et al.
(2002), and Ertas et al., (2014) reported that
water absorption capacity had crucial effects on
the functional properties of viscous foods.
Alamanou and Doxastakis (1995), Dervas et al.
(1999), Hojilla Evangelista et al. (2004) stated that
lupin protein has good water absorption, fat
binding, emulsifying and foaming capacity.
According to process design, sensory quality
and consumer acceptability functional properties
are important parameters. In the present studyj, it
is observed that the peak value of foaming
stability was found in RCT (5.28 min), followed by
CRT (4.28 min) and WHT (3.18 min), however, the
foaming stability values of the rest of tarhana
samples were varied between 0.40-1.23 min.
(2000) stated that the

properties of rice protein are similar to albumin

Hamada foaming
However, in contrast to our
finding, Bilgicli (2009) reported that the
substitution of 100% BWF with the wheat flour
caused a significant increase in foaming stability

from egg white.

of tarhana. Low foaming formation probably due
to the having inadequate balance between
hydrophobicity and hydrophilicity as stated by
Damadoran (1997).

ibanoglu and ibanoglu (1999), foaming stability

In a previous study of

and foaming capacity of tarhana were affected by
the tarhana concentration, whipping time and
processing methods.

Bolontrade et al. (2016) reported that the
foams prepared at acidic pH were stable than the
alkaline pH and also reported that soluble
fractions of protein showed grater stability than

the total protein.
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Table 3. Color values and certain functional properties of tarhana produced using cereal and non-cereal flours
Cizelge 3. Tarhana tliretiminde kullanilan unlarin bazi fonksiyonel ézellikleri ve renk degerleri

Functional properties Colour values
Fonksiyonel ézellikler Renk degerleri
Foaming caﬂac'ty Foaming stability Water absorption Oil absorption Emulsifying
(mLmL"™) . . 1 . 1 L
- (min) capacity (mLg™) capacity (mLg™) activity (%) L* a* b*
Képlik olusturma i I Y . Y . e
co Kdplik stabilitesi (dk) Su tutma kapasitesi Yagd tutma kapasitesi Emiilsiyon aktivitesi
kapasitesi
WHT d c d abc a c c b
BT 0.37£0.01 3.18 £+ 0.07 0.92 +0.05 0.63 £ 0.04 100 £ 0.00 81.35+0.33 6.17 £ 0.51 31.14+0.61
;RTT 0.46 + 0.02° 4.28 +0.14° 1.28 +0.07° 1.00 + 0.00° 99 +1.41° 85.67 +0.21° 1.60+ 0.34 28.36+0.27°
t;T 1.02 +0.01° 0.90 + 0.07° 2.67 £ 0.04° 0.93+0.11% 100 + 0.00° 81.15 + 0.45° 2.92 +0.45° 20.11 + 0.06°
EPTT 0.29 +0.03° 1.23 + 0.06° 1.48 +0.01° 0.63 +0.09°™ 99.5+0.71° 81.01 +0.40° 4.28+0.24° 28.71+0.35°
CBT
it 0.58 +0.02" 0.40 £ 0.10° 1.82 +0.01° 0.50 + 0.14° 74.5+0.71° 73.55 +0.52° 8.06 + 0.16" 31.57 +0.45°
RCT
P(T: 0.28 +0.01° 5.28 +0.11° 1.29 + 0.05° 0.70 +0.14° 93+1.41° 83.62+0.21° 6.71 +0.45° 33.41+0.06°
BWT
s 0.22 +0.01° 1.21 +0.08° 2.00+0.16" 0.52 +0.11" 91+1.41° 67.03 + 0.45° 9.97 +0.34° 31.70+0.27°

Data are expressed as mean values + standard deviations (n=2); mean values within the same column with different superscripts are significantly different (P<0.05); the letter “a”’ denotes the
highest value. L*: lightness; +a*: redness; -a*: greenness; +b*: yellowness; -b*: blueness. WHT: wheat tarhana (as control sample); CRT: corn tarhana; LPT: lupin tarhana; CPT: chickpea tarhana;
CBT: common bean tarhana; RCT: rice tarhana; BWT: buckwheat tarhana.

Cizelgedeki degerler analizlerde elde edilen sonuglarin ortalama degerleridir; analizi yapilan érnek sayisi 2°dir (n=2); ayni siitundaki farkh (st indis harfler sonuglar arasinda istatistiksel
bakimdan fark oldugunu géstermektedir (P<0.05); “a” harfi en yiiksek dederi ifade etmektedir. L*: aydinlk derecesi; +a*: kirmizilik; -a*: yesillik; +b*: sarilik; -b*: mavilik. BT: bugday unu ile
tiretilen tarhana (kontrol 6rnegi); MT: misir unu ile iretilen tarhana; LT: lupin unu ile lretilen tarhana; NT: nohut unu ile iretilen tarhana; FT: fasulye unu ile iiretilen tarhana; PT: pirin¢ unu ile
tiretilen tarhana; KT: karabugday unu ile liretilen tarhana.
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In the present study, the foaming capacity of
CRT, LPT and CBT were found significantly higher
than control sample (WHT). According to Cherry
and McWatters (1981), this phenomena most
probably results from the higher protein content
and protein molecules at the interface (ibanoglu
and ibanoglu, 1997). We determined that water
absorption capacity values of CRT, LPT, CPT, CBT,
RCT and BWT were found to be higher than that
of WHT (P<0.05). We found that the oil
absorption capacity values of tarhana samples
ranged between 0.52-1.00 mL/g, and the peak
values of oil absorption capacity values were
found in CRT (1.00 mL/g) and LPT (0.93 mL/g),
respectively. Kohajdova et al. (2011) reported
that the addition of LPF up to 10% (w/w) caused
an important increase in water absorption
capacity. Sosulski et al. (1976), Hayta et al. (2002),
and Ertas et al. (2014) reported that water
absorption capacity had crucial effects on the
functional properties of viscous foods. The use of
CBF and BWF caused a decrease in the oil
absorption capacity compared to the control
sample. Bayrakgi and Bilgicli (2015) reported that
affected
negatively by the substitution of resistant starch

oil absorption capacity was not

into the tarhana formulation. Moreover, oil
absorption capacity values of tarhana samples
containing different ratio of resistant starch were
similar or

higher compared to the control

tarhana. In our study, we determined the
emulsifying activity values of WHT, CRT, LPT and
CPT were varied between 99-100%
(P<0.05).
significant difference was found in emulsifying
activity values of RCT (93%) and BWT (91%). The
of emulsifying activity was
determined in CBT (74.5%) among the tarhana
samples. Additionally, emulsifying activity values
of RCT, BWT and CBT were found to be
significantly lower than those of WHT, CRT, LPT,
CPT (P<0.05). These findings could be explained

by the high ionic strength of CBT as similar to a

with no

significant difference Similarly, no

lowest value

previous study by Wu (2001), who reported that
high ionic strength reduced the emulsifiying
activity. Ertas et al. (2014) found that different
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ratio of lupin yoghurt (made with lupin milk)
substitution into tarhana caused an increase in
the emulsifying activities of tarhana samples.
Caglar et al. (2013) found that the substitution of
carob flour increased the emulsifying activity of
the tarhana.

Colour is an important quality factor for the
acceptance by the
Traditionally, there are many types of tarhana

of tarhana consumer.
produced with the substitutuion of various
ingredients in Turkey. Owing to the different
cereals, legumes, dairy products, vegetables and
seasoning in dough formulation, tarhana samples
have a great variety of colour properties (Bayrakgi
and Bilgicli, 2015). The colour values of the
tarhana samples are given in Table 5, and they
were expressed by Hunter L*, a*, b* values
corresponding to lightness, redness and
yellowness, respectively.

In our study, we found that L* value of CRT
was higher than other tarhana samples (P<0.05).
The second highest L* value was observed in RCT.
No significant differences were observed in L*
values among WHT, LPT and CPT. In our study,
BWT had the lowest L* value among tarhana
(2009) that the

increasing substitution level of buckwheat flour

samples. Bilgicli reported
with the wheat flour caused a significant decrease
in L* value.

Considering the a* value, we can state that the
use of CRF, LPF and CPF in tarhana production
in a* value
(P<0.05). No
significant difference was found in a* values
between WHT and RCT. However, the use of CBF

and BWF caused a significant increase in a* value

caused a significant decrease

compared to control tarhana

of tarhana compared to control (P<0.05). It is well
known that the colour of lupin flour is yellow.
However, it is very interesting that the b* value of
LPT sample was found to be lowest compared to
other tarhana samples in our study.

Sensorial evaluation of tarhana samples is
given in Figure 1. Different types of flours affected
all sensorial properties of tarhana samples.
Statistically significant differences (P<0.05) were

observed in colour, taste, stickiness, sourness,
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grittiness and overall acceptability. All of the
soups prepared with gluten-free flours and
control (wheat tarhana) sample were comparable
in terms of the sensorial properties. Using CPF
and BWF in tarhana formulation gave higher
colour scores tahan the other gluten-free flours.
Panellist stated that CPF, CBF, RCF and BWF
addition in tarhana formulation gave higher taste
scores compared to the control sample. All

gluten-free flours showed similar and higher
stickiness scores than control. Panellists gave the
lowest sourness scores to CRT added tarhana
sample, also the highest grittiness scores to BWF
added tarhana sample. When compared all
sensorial properties evaluated by panelists, we
clearly can state that the use of CPF, CBF, RCF and
BWF

sensorial properties compared to other flours.

in tarhana production showed better

@ WHT /BT

QCRT/MT

BLPT/LT

Sensory anaylses acores
Duyusal analiz puanlari

O B N W b U1 O N 0O O

L

BCPT/NT

BCBT/FT

"

BRCT/PT
B BWT /KT

B

Colour / Renk Stickiness / Yapigkanlik

Grittiness / Kumluluk

Sensory properties
Duyusal 6zellikler

Figure 1. Sensorial properties of tarhana samples (WHT: wheat flour tarhana (as control sample); CRT: corn flour tarhana;
LPT: lupin flour tarhana; CPT: chickpea flour tarhana; CBT: common bean flour tarhana; RCT: rice flour tarhana; BWT:

buckwheat flour tarhana.

Sekil 1. Tarhana érneklerinin duyusal 6zellikleri (BT: bugday unu ile liretilen tarhana (kontrol 6rnegdi); MT: misir unu ile iretilen
tarhana; LT: lupin unu ile dretilen tarhana; NT: nohut unu ile iretilen tarhana; FT: fasulye unu ile iiretilen tarhana;
PT: piring unu ile iiretilen tarhana; KT: karabudday unu ile (iretilen tarhana.

Conclusions

Wheat flour as the main is

traditionally used in tarhana production. The

ingredient

people who suffer from celiac disease are obliged
to consume gluten-free products. Therefore, there
has been increasing interest in replacing common
gluten-free formulations made from non-wheat
flours. This study was organized to determine
certain physical, chemical, functional and sensorial
properties of tarhana containing gluten-free
flours such as CRF, LPF, CPF, CBF, RCF and BWF.

In our study, the use of different cereal and
non-cereal flours affected each of the chemical
and functional properties of tarhana samples
significantly. Our findings showed that the use of
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LPF, CPF, CBF and BWF (non-cereal
improved the chemical properties of tarhana
when compared to the use of WHT, CRF and RCF
(cereal flours). Using LPF improved the functional

flours)

properties such as foaming capacity, water
absorption capacity and emulsifying activity.

Since tarhana is a food product, of course its
sensorial properties are very important from the
standpoint of consumer acceptability. When we
evaluate the results obtained from sensory
analyses, the remarkable finding in this study that
the use of CPF, CBF, RCF and BWF in tarhana
production improved the overall acceptability
scores of tarhana samples, but using LPF and CRF
in tarhana formulation caused unfavourable

effects in the final product.
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ABSTRACT

The effect of edible coating using pectin-wax mixture and its incorporation with pistachio hull
extract were investigated on the quality characteristics of fresh-cut apples. For this purpose,
fresh-cut apples were treated with citric acid (control), pectin-wax (PW) mixture and pectin-
wax mixture containing pistachio hull extract (PWE). The samples were kept under two
separate temperatures at 5 °C for 8 days and at 20 °C for 32h. Changes in weight, color, total
phenolic content, were examined at different time points along storage time. Results
indicated that the apple pieces coated with PWE showed the lowest increase in browning
index followed by samples coated with PW. The applications of coatings were effective on
delaying the degradation of samples’ colors. The effect of coating fresh-cut apples with PWE
was less pronounced on a* values than on L* and b* values. Furthermore coating with PW
was affected L* values significantly. The temperature was also a factor affecting the samples
color. It was observed that samples kept at 5 °C have maintained the color coordinates.
Weight loss was observed significantly in uncoated samples comparing to those prepared with
coating. The weight losses were 4.77+0.21% and 6.60£0.24% at 20 °C, while these values were
17.29+0.54 and 26.81+0.60 at 5 °C for coated and uncoated samples respectively. The coatings
were effective in maintaining phenolic components. Total phenolic contents were
187.86+0.95 and 199.80+£0.99 mg GAE 100 g'1 apple at 5°C for uncoated and coated sample
with pistachio hull extract, respectively. However, phenolic contents were recorded as
128.89+0.80 and 130.53+0.86 mg GAE 100 g’ apple after 32 h storage time at 20 °C for
uncoated and coated sample with pistachio hull extract, respectively.

Key Words: Fresh-cut apple, Browning, Color parameters, Pectin, Wax

(074

Pektin-mum (vaks) (PW) karisimi ve bu karisimin antepfistigi kabugu ekstrakti ile
birlestirilmesinden olusan yenilebilir film kaplamanin, taze kesilmis elmalarin kalite 6zellikleri
Uzerindeki etkisi incelenmistir. Bu amagla taze kesilmis elmalar, sitrik asit (kontrol), pektin-
mum (vaks) (PW) karisimi ve antepfistigl kabugu ekstrakti iceren pektin-mum (vaks) (PWE)
karisimi ile muamele edilmistir. Ornekler 5 ° C'de 8 giin ve 20 ° C'de 32 saat olmak lizere iki
ayri sicaklikta depolanmistir. Depolama siiresi boyunca farkli zaman araliklarinda agirlik, renk,
toplam fenolik iceriginde meydana gelen degisiklikler incelenmistir. Esmerlesme indeksinde en
dusuk artisi fistik kabugu ekstrakti iceren pectin-mum (vaks) ile kaplanmis elma pargalari
gostermis, onu pektin-mum (vaks) ile kaplanmis 6rnekler takip etmistir. Uygulanan kaplamalar
orneklerin renklerinde meydana gelen bozulmayi engellemede etkili olmustur. Taze kesilmis
elmalarin fistik kabugu ekstrakti iceren pektin-mum (vaks) ile kaplanmasi L * ve b * degerlerine
gore *a degeri Uzerinde daha az etkili olmustur. Ek olarak pektin-mum (vaks) ile kaplama L*
degerlerini 6nemli olglide etkilemistir. Sicaklik 6rneklerin rengini etkileyen diger bir faktordr.
5 °C sicaklikta saklanan orneklerin renklerini koruduklari gozlemlenmistir. Kaplanmamis
orneklerde kaplanmis 6rneklere kiyasla onemli olgliide agirlik kaybi gozlenmistir. Agirlik kaybi
kaplanmis ve kaplanmamis 6rnekler igin sirasiyla 20 ° C'de % 4.7 +0.21 ve % 6.60+0.24 iken,
bu degerler 5 ° C'de 17.29 + 0.54 ve 26.81 + 0.60 idi. Kaplamalar fenolik bilesenlerin
korunmasinda etkili olmustur. Toplam fenolik igerigi fistik kabugu ekstresi ile kaplanmis ve
kaplanmamis érnekler igin sirasiyla 5 ° C'de 187.86 + 0.95 ve 199.80 + 0.99 mg GAE 100 g"1
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elma idi. Ancak toplam fenolik igerigi 20 ° C'de 32 saat depolama siiresinden sonra fistik kabugu ekstresi ile kaplanmis ve
kaplanmamis érnekler igin sirasiyla 128.89+0.80 ve 130.53+0.86 mg GAE 100 g'1 olarak kaydedildi.

Anahtar Kelimeler: Taze kesilmis elma, Esmerlesme, Renk parametreleri, Pektin, Mum (vaks)

Introduction

Food packaging is a process that demands
science, art and technology of protecting edible
goods when these three are combined, the
product is ready for sale or to be shipped. Ready-
to-eat (RTE) is a trendy food and increasingly has
been used in modern lifestyle. Popularity of RTE
food types is growing, especially amongst women
who are preoccupied with activities outside.
Ongoing efforts to provide the best options to
mitigate the challenges of shelf-life extension for
these kinds of food. Many studies are trying to
produce new technologies and preservation
procedures, which include bringing them in line
with the increasing volume of purchasing
(Manalili et al., 2011).

Recently, edible coating applications have
been under intentness for their great role into
promoting product shelf-life. It is an altenative to
reduce the deterioration caused by minimal
processing of fresh fruits (Ledn-Zapata et al,,
2015). Edible coatings provide semipermeable
barrier to extend the shelf-life of fresh-cut
products by reducing the migration of moisture
and solute, transmission of gas, maturation
process and oxidative reaction rates (Perez-Gago
et al., 2005). Their protective function may also
be enhanced with the addition of antioxidants,
antimicrobials, colorants, flavors, nutrients and
etc. In this way, they may also act as carriers of
food additives (Robles-Sanchez et al., 2013).

Apples are extremely rich in important
antioxidants, flavonoids, and dietary fiber (Du et
al., 2019). It is also one of the most consumable
2011).

Turkey is one of the biggest producer of apple

fruits internationally (Carbone et al,,
with the annual production of 3,032,164 tonnes
(FAO, 2019). In respect of apple importance, the
apple fruit the
experimental design to apply the technique of

has been engaged into

coating.
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Pistachios (Pistacia vera L.) fruit is well known
and edible
information is available about the hull constituted

for its oleaginous seed. Less
by the epicarp and the mesocarp. This part of the
fruit contains an essential oil that can be valorized
(Chahed et al., 2007). Turkey is the second largest
pistachio producer after United States with the
annual production of 155,000 tonnes (USDA,
2017). Organic hull is covering the harvested
pistachio fruit. A key by-product from pistachio is
produced from essential process after harvesting
called dehulling (remove the organic hull) applied
on the pistachio fruit (Pineiro, 2001). Dry matter
of dehulling process is a great source of
antioxidant, phenolic compounds and essential oil
such as a-pinene and alpha terpinolene (Ozel et
al., 2004; Goli et al., 2005). Moreover, green hull
is a good source of protein, fat, mineral salts and
vitamins (Goli et al., 2005; Chahed et al., 2008).
The aim of the present study is to formulate a
new edible coating using pectin-wax mixture and
its incorporation with pistachio hull extract to
enhance the coating process efficiency and

quality attributes of fresh-cut apples.
Material and Methods

Materials

Pectin APA 168 DB powder and carnauba wax
were procured from Cagdas Kimya (Istanbul,
Turkey). Folin-Ciocalteau phenol reagent, citric
acid (CA), gallic acid, sodium carbonate (Na,COs)
and other chemicals were purchased from Sigma-
Aldrich Corp. (St. Louis, Mo., U.S.A.).

Coating formulations

Two different coating mixtures were prepared
to coat the fresh fruit cuts. Wax solution (40 %,
w/v) (mixture 1) was prepared through mixing 10
g wax-flakes in 250 ml heated water using a hot
plate (Isolab, 613.01.001, Germany) at 80+5 °C.
After wax started softening a homogenizer was
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used to get a homogeneous solution at 15000
rom for 15 min using IKA® ULTRA-TURRAX® T18
Homogenizer (Staufen, Germany). Pectin solution
(80 %,
dissolving 20 g powdered pectin into 250 ml

w/v) (mixture 2) was prepared by

water at 8015 °C throughout bain marie. Then,
the solution stirred at 300 rpm for 30 min using a
homogenizer.

Mixture 1 added to mixture 2 at 8015 °C on a
hot plate. Then 15 minutes stirring applied at
15000 rpm and the first coating material pectin-
wax (PW) solution was formed. Finally, the
solution was cooled to room temperature and
then used immediately.

Pistachio hull extract was obtained to prepare
pectin-wax mixture containing pistachio hull
extract (PWE). 10 g of dried and powdered
pistachio hull was extracted with 250 mL of 50 %
ethanol (v/v) for 2 h at 60 °C in a rotary incubator
(New Brunswick Scientific, Nova 40, Edison, NJ,
USA). At the end of the extraction, the mixture
was centrifuged at 6000 rpm for 15 min (Hettich-
EBA 20, Andreas Hettich GmbH & Co. KG,
Germany) and the supernatant was collected.
Subsequently, the supernatant was concentrated
at 40 °C under vacuum using a rotary vacuum
evaporator (Heidolph Instrument GmbH & Co. KG,
Schwabach, Germany) and the concentrated
the
extraction with ethyl acetate (1:1, v:v) to get a

extract was subjected to liquid-liquid
purified extract. Then, the ethyl acetate fraction
was collected and the solvent was evaporated at
40 °C under vacuum.

1 g of pistachio hull extract was added to the
solution after the addition of mixture 1 to mixture
2 using the same method as described above to

form the second coating solution (PWE).

Fruit selection and preparation

The green uniform sized, defect-free apples
(Granny Smith) were purchased from local
market. The fresh apples stored at 4°C before
processing. The apples were washed, peeled and
cut into square pieces (approximately 2.5cm x
2.5cm x 0.7cm). A sharp stainless-steel knife was
used the to reduce

throughout process
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mechanical bruising and samples were processed
in a temperature-controlled room at 20+1°C. The
fresh-cut pieces immersed into a 100 mg I citric
acid solution (pH=3) for 5 min before coating
process in order to avoid the enzymatic browning.
After draining, the fresh-cut apples were dipped
into the coating solutions for 3 min and then all
pieces drained over a metal mesh for 10 min. A
maximum of 15 apples were processed at the
same time to minimize excessive exposure to
oxygen. Control samples were drained from citric
acid and kept without any further treatment.
Four apple pieces were placed in each foil tray, a
total of 69 trays were prepared for all treatments.
All trays were covered with plastic wrap. Finally,
samples were stored under two different
temperatures; 5£2°C and 20£2° C for 8 days and
32 h, respectively.

Weight loss determination

The weight of samples was measured at time 0
and at the different sampling times for both
storage conditions and treatments by weighing
three trays containing for apple pieces. Results
were expressed as the percentage loss of initial
weight (%) for non-coated and coated samples.
The weight loss (%) on wet basis (wb) of samples
was defined through the following linearized form
of the Peleg equation:

L~ Wi,

Weight Loss (%) = —+—"2 x 100 (1)

Lo

Where; W = weight of the sample at any point
(g) and W\ = initial weight of the sample (g).

Color measurements
The
periodically by a HunterLab ColorFlex instrument

color measurements were made

(Hunter Associates Laboratory, Inc., Reston, VA,
USA)
conditions using the CIELAB color parameters, L*,

for each treatments and storage

a*, and b*. Each measurement was taken at three
locations for each apple piece. A Minolta standard
the
the
results were reported as browning index (BI)

white calibration plate was used for

calibration of colorimeter. Furthermore,
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using the following formula:

BI = &2%3D » 100 2)

0.172
Where:

. (a*+1.75L%)
"~ (5.645L*+a*—3.012b*)

(2.1)

Also, the total color difference (AE (Eq. (3)),
chroma C* (Eq. (4)), Hue angle (Eg. (5)) were
calculated from the Hunter L*, a*, b* values and
used to describe the color changes during
storage.

AE = /(Lo — L)2 + (a, —a*)? + (b, — b*)? (3)

Where symbol “,” in AE refers to the color
reading of fresh apples.

Chroma = (a** + b*z)]/2 (4)
b* _1
Hue angle = tan (a—) (5)

Total phenolic contents

The total phenolic content (TPC) of noncoated
sample (NCS) and the samples coated with extract
(CSX) stored at 20 °C and 5 °C was determined at
the end of the storage period using Folin-
Ciocalteu method. The procedure reported by
Song et al. (2010) was used at a wavelenght of
760 nm. TPC of samples was calculated using a gallic
acid calibration curve. The results were expressed
as gallic acid equivalent (mg GAE 100 g™* apple).

Statistical analysis

Effects of the coating on quality parameters
were interpreted relating the coefficients of the
parameters and corresponding p values. The p
value below 0.05 indicates a confidence interval
of 95%. For weight loss and total phenolic content
experiments, two sample replicates were analyzed
at each corresponding time whereas for color
assessment three sample replicates were analyzed
at each corresponding time. The least square (LS)
means values were considered for all recorded
data. XLSTAT (Microsoft® Excel® 2016 MSO
(16.0.9226.2126) 46-bit.) was used to conduct
Analysis of Variance (ANOVA).

Results and Discussion

Weight loss

Average weight of the non-coated sample
(NCS) and coated sample (CS) was recorded
during storage period at 5 °C and 20 °C and
weight loss (%) was calculated. Figure 1 and
Figure 2 shows the weight loss of samples stored
at 5 °C and 20 °C, respectively. Both coated and
non-coated samples experienced a significant
weight loss during storage time. The results
indicated a dramatically lower percent weight loss
in CS when compared to the NCS. The weight loss
for CS (4.77+0.21%) was considerable different
from the NCS (6.60+0.24%) after the storage
period of 32 h at 20 °C. Similarly, the results
showed a lower weight loss for CS (17.29+0.54)
compared to NCS (26.81+0.60) after 8 days at 5 °C.

Fresh-cut products are highly vulnerable to
lose weight since they have elevated water
(Watada and Qi, 1999;
Toivonen and Brummell, 2008). Therefore, edible

transpiration rates

coatings help to decrease water loss of fresh-cut
products (Raybaudi-Massilia et al., 2008).

—e— NCS
—o— (S

30 4
25

20 A

%)

Weight loss (

Time (days)

Figure 1. Effect of coating on weight loss of fresh-cut apples
during storage at 5 °C. (NCS:Noncoated sample, CS:
Coated sample)

Sekil 1. Kaplamanin 5 °C’de depolama boyunca taze kesilmis
elmalarin agirlik kaybina etkisi. (NCS:Kaplanmamis
érnek, CS: Kaplanmis 6rnek)

The results of this study suggested a significant
influence of the coating process to reduce the
fresh weight loss thus extend the shelf life of
treated samples with coating solution. The
findings are in harmony with the results reported

by Krasniewska et al. (2014) who assessed the
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effects of pullulan coating on weight loss of
pepper kept at 16°C for 14 and 28 days and apple
at 16°C and 2°C for 14 and 28 days, respectively.

81 —@— NCS
—0— s

6 4

Weight loss (%)
.

Time (h)

Figure 2. Effect of coating on percentage weight loss of
fresh-cut apples during storage at 20 °C.
(NCS:Noncoated sample, CS: Coated sample)

Sekil 2. Kaplamanin 20 °C’de depolama boyunca taze
kesilmis elmalarin yiizde adirhk kaybina etkisi.
(NCS:Kaplanmamis 6rnek, CS: Kaplanmis érnek)

Their results showed that the coating process
resulted extension of storage time by the means
of preservation of weight and reduction of water
transportation. It has been also reported that the
use of lipids as a coating material decreases the
weight loss (Kester and Fenema, 1986) in fruits as
apples (Assis and Pessoa, 2004), mangoes (Hoa
and Marie Noelle, 2008), green bell peppers
(Beaulieu et al., 2009) and lemons (Bisen et al.,
2012).

Color change

Fresh color of fruits and vegetables s

enhancing the customers' appeal to consume the

) 5°C 100 -
100 4 . S
s e
H CsX
80
60 1
10 4 40 4
20 20
0 0

0 1 2 3 4 5 6 7 8

Time (days)

80 |

60

products. During storage, color change is one of
the most important changes in fresh-cut fruit
which directly affects perception of quality by
customers (Olivas and Barbosa-Canovas, 2005). In
the study context, color measurements were an
essential factor to evaluate the impact of coating
process on cut-fresh apples. Further analysis was
conducted after measuring the color coordinates
L*, a* and b* for all coated and non-coated
A better the
fluctuation of color coordinates was explored

samples. understanding  of
through calculating chroma, hue angle, browning
index (Bl) and AE-the color variation.

The coating treatment with pistachio hull
extract had a significant negative effect (p<0.05)
on L* values; by the means of the lowest L*
values (LS means=69.64) at the end of storage
period at 5 °C (Figure 3). Whereas coated samples
with  PW the highest ability of
maintaining L* (LS means=72.34) amongst the

showed

treatments  followed by the CS (LS
means=70.446). Significant differences were
found between samples coated with PW

compared to CSX (p<0.05). No significant
differences were observed between NCS and CS
regarding L* values (p=0.27). As shown in Figure
3, the highest values of L* were observed for CS
as followed by NCS and CSX at 20 °C, this might be
explianed by the effect of the light brown color of
pistachio hull extract that affect L* values and

brightnees of samples.

o
20°C N NCS
= cs
. CSX
- - .
0 6 12 18 24 32
Time (h)

Figure 3. Effect of different apple coating applications on L* values during storage at 5 °C and 20 °C. (NCS:Noncoated sample,

CS: Coated sample, CSX: Coated sample with extract)

Sekil 3. ElImada farkli kaplama uygulamalarinin 5 °C ve 20 °C’deki depolama boyunca L* degerlerine etkisi. (NCS:Kaplanmamis
ornek, CS: Kaplanmis 6rnek, CSX: Ekstrakt ile kaplanmis 6rnek)
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Figure 4. Effect of different apple coating applications on a* and b* values during storage at 5 °C and 20 °C. (NCS:Noncoated
sample, CS: Coated sample, CSX: Coated sample with extract)

Sekil 4. Elmada farkh kaplama uygulamalarinin 5 °C ve 20 °C’deki depolama boyunca a* ve b* dederlerine etkisi.
(NCS:Kaplanmamis 6rnek, CS: Kaplanmis 6rnek, CSX: Ekstrakt ile kaplanmis 6rnek)

Figure 4 shows the a* and b* values of samples
during the storage period at both temperatures of
5 and 20°C. Coating fresh-cut apples with PWE
was a significant source of variation in regards of
b*. Significant differences were found between
CSX and NCS (p=0.001), similarly between CSX
and CS (p=0.001). However, no significant effect
was found between CSX and CS (p=0.06). The
positive effect of the PWE was observed at both
storage temperature. As a result, lower b* values
were shown with CSX (LS means= 22.33) followed
by b* values of CS (LS means= 23.43) and higher
b* values recorded of NCS (LS means= 26.21).
Therefore, the coating process played a significant
role to protect the degradation of b* values, thus
maintaining the yellowness of the samples.

Meighani et al. (2015) studied the coating
process on pomegranate fruit by using three
different coating materials; resin wax (Britex Ti),
carnauba wax (Xedasol M14), and chitosan (1 and
2 % w/v) and evaluated the quality parameters of
samples during 40, 80 and 120 days storage at 4.5
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°C and 3 additional days at 20 °C. Their results
showed that the carnauba wax could maintain
considerably higher fruits quality in compare to
other coating materials. They have also obtained
a significant increase in b* values in the last days
of storage and they reported lower b* values for
the coated sample compared to control although
no significant differences were observed among
coating treatments.

The findings of this study are completely in line
with what reported by Meighani et al. (2015). It’s
worthy to mention that at the end of storage, the
highest and lowest b* were recorded with PWE
and control fruits with mean 26.21+0.6 and
22.33+0.5, respectively, while b* value for the
PW coating was recorded as 23.44+0.3. No
significant differences were observed in regards
of a* values amongst all treatments (p<0.05);
however, the CSX shows the highest ability to
maintain a* values along storage at lower and
higher temperatures (Figure 4). LS means of a*
showed lower values of CSX (LS means=0.54)
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followed by CS (LS means=0.62), lastly, higher
values of a* recorded for NCS (LS means=1.40).
Figure 5 and Figure 6 shows the effect of
coating type on Bl of fresh-cut apples stored at 5
°C and 20 °C, respectively. The obtained results
that had
significant effect on Bl values of samples (p<0.05).

demonstrated coating process a
However, no significant differences were
observed between CS and CSX (p>0.05). Coating
the samples with PWE has the highest effect on
browning index and the lowest Bl value was
recorded for CSX. Storing samples on a lower
temperature (5 °C) showed lower browning index
records in a respect to data recorded for samples
stored at 20 °C. However the differences were not
significant (p=0.05).

A research conducted by Alves et al. (2017)
showed that the application of soybean coating
incorporated with ferulic acid could have
significant positive impact on a* values. They
reported that the coating reduced the rise of a*
values for the treated apples after 7 days of
storage at 10°C whose increase is associated with

an increase in red color.

—&— NCS
—o— S

—v— CSX

60

55 4

50 4

45

Bl

40

Time (days)

Figure 5. Effect of different apple coating applications on
browning index during storage at 5 °C.
(NCS:Noncoated sample, CS: Coated sample, CSX:
Coated sample with extract)

Elmada farkli kaplama uygulamalarinin 5 °C’deki
depolama boyunca esmerlesme indeksi (izerine
etkisi. (NCS:Kaplanmamis érnek, CS: Kaplanmis
ornek, CSX: Ekstrakt ile kaplanmis érnek)

Sekil 5.

Oms-Oliu et al. (2008) studied the effect of
alginate and gellan based coatings incorporated
with antioxidants; N-acetylcysteine and glutathione
to preserve the quality of fresh-cut pears. Their
results showed that incorporation of antioxidants
into coating solutions has a positive influence in
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avoiding browning and intercept browning edges
in pears pieces over storage period. On the other
hands, substantial decrease observed after
calculating the hue angle values, related to browning
development, in both coated or non-coated fresh-
cut pears that not handled with antioxidants.
(2018) applied
technologies on potato

including application of edible coating, osmotic

Ceroli et al. various

preservation cubes
dehydration and antioxidants, and immersion in
antioxidants to determine major changes in
quality indicators including color indexes; L*, a*,
b*, Bl and AE. Final results indicated that a*, AE
and Bl showed differences between conservation
technologies, otherwise no significant variations
L* and b*
cubes

showed between treatments for

parameters. Immersing potato into
antioxidants resulted lower values of a*. Also, lower
value of AE amongst all other treatments. The
positive impact of antioxidants could be explained
with the capabilities of antioxidants against
that

browning and facilitating color changes.

oxygen interaction causes enzymatic

—s— NCS
—0— (S

70 4 —v— (SX

60 4

Bl

40 A

T T
0 6 12 18 32

Time (h)

24

Figure 6. Effect of different apple coating applications on
browning index during storage at 20 °C.
(NCS:Noncoated sample, CS: Coated sample, CSX:
Coated sample with extract)

Sekil 6. Elmada farkli kaplama uygulamalarinin 20 °C’deki
depolama boyunca esmerlesme indeksi (izerine
etkisi. (NCS:Kaplanmamis d&rnek, CS: Kaplanmis
6rnek, CSX: Ekstrakt ile kaplanmis 6rnek)

A review by Mufioz-Labrador et al. (2018)
showed that pectin coatings had better behavior
in the color variation (AE) after applying the citrus
pectin treatment as an edible coating on
strawberries during storage. Generally, the pectin
coatings presented a better behavior in the

variation of color with respect to the control.
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Table 1. C*, hue, and AE values for the samples of noncoated, coated and coated with extract at 5 °C.
Cizelge 1. Kaplanmamis, kaplanmis ve ekstrakt ile kaplanmis 6rneklerin 5 °C’deki C*, renk agisi ve AE degerleri.

Time

Noncoated sample

Coated sample

Sample coated with extract

Zaman Kaplanmamis 6rnek Kaplanmis 6rnek Ekstrakt ile kaplanmis érnek

Day c* hue AE c* hue AE c* hue AE

Gln
0 20.59 2.53 0 22.59 0.42 0 20.96 0.35 0
1 26.53 -0.38 7.53 21.79 29.15 2.62 23.15 2.03 1.90
2 25.18 -0.58 6.06 23.31 0.17 2.89 21.85 -26.17 7.33
3 24.84 -0.01 8.03 24.67 2.74 6.84 21.53 -0.12 7.98
4 27.90 -1.57 10.72 22.21 1.50 5.73 20.53 -51.95 9.92
5 25.72 0.08 7.56 24.88 -1.19 9.50 23.89 -0.73 10.00
6 26.83 0.05 7.84 22.83 0.27 6.79 21.01 2.70 7.66
7 28.28 -0.77 10.66 26.12 0.06 10.40 21.42 0.49 9.18
8 24.60 -0.16 5.21 22.26 -2.29 6.24 21.77 2.93 9.71

Table 2. C*, hue and AE values for the samples of noncoated, coated and coated with extract at 20 °C.
Cizelge 2. Kaplanmamis, kaplanmis ve ekstrakt ile kaplanmis érneklerin 20 °C’deki C*, renk agisi ve AE dederleri.

Time Noncoated sample Coated sample Sample coated with extract
Zaman Kaplanmamis érnek Kaplanmis érnek Ekstrakt ile kaplanmis érnek
h C* hue AE c* hue AE c* hue AE
saat
0 21.31 -1.04 0.00 19.43 0.93 0.00 21.58 0.99 0.00
6 31.83 -0.40 13.73 21.98 0.18 5.90 25.04 0.17 5.07
12 29.30 -2.04 11.10 25.49 -0.67 8.53 23.61 -4.80 5.63
18 28.41 -5.90 9.60 23.71 -2.74 7.65 22.28 1.27 7.95
24 25.62 -0.61 20.32 27.59 0.36 12.28 22.73 2.03 7.38
32 31.69 0.26 14.98 25.82 -5.12 11.78 21.59 0.73 8.91

The Chroma (C*) relates the chromatic
parameters a*, b* and L*, and reflects the
enzymatic activity being greater whenever that
value decreases (Mufioz-Labrador et al., 2018).
CSX showed the lowest values of C* (LS means=
22.33) preceded by CS (LS means=23.78) and NCS
had the highest C* values at 5 °C (LS means=
26.71) as values given in Table 1. Table 2 shows LS
means values of C*, hue, and AE when the
samples are kept at 20 °C. Significant differences
were observed between C* values of coated and
uncoated samples (p=0.001). In contrast with, hue
values where CSX showed the lowest hue values
(LS means= -4.39), On the other hand, PW
samples had (LS means=2.02) and the highest hue
values recorded for NCS (LS means=-0.42) and the
differences were not significant amongst the
treatments(p=0.05).

Total phenolic contents

Testing the concentrations of phenolic content
in a product provides a summary about the
treatments used and also gives an idea about
product deterioration throughout the storage
process. Furthermore, oxidize phenolic components

forming o-quinones which is speeding up the
process of browning reactions eventually brown
pigments formulation happened (Sapers, 1993).

Enhancing pectin-wax coating with pistachio
hull extract to form edible PWE coating has a
positive impact on sustaining the concentration of
TPC in fresh-cut apples at both 20 and 5 °C
temperatures. Table 3 shows TPC values by
testing total phenolic levels at time zero and by
the end of experiments. The results showed that
the samples treated with pistachio hull extract-
based coating had higher TPC compared to non-
coated samples. Increasing TPC for coated sample
with pistachio hull extract can be explained by the
extract contribution since pistachio hull is known
as high content of natural antioxidants. However,
the effect of PWE was not significant (p=0.05)
with a confidence interval of 95%. In regards of
storage temperature effect, analysis indicates
that storage temperature did not have a
significant effect on NCS and CSX, however
samples kept at lower temperature could
maintain higher TPC values (LS means=157.64)
compared to samples stored at 20 °C (LS
means=125.58).
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Table 3. Effect of coating with pistachio hull extract on the total phenolic content (TPC) (mg GAE 100 g"1 apple) of samples

during storage at 5 °C and 20 °C.

Cizelge 3. Antepfistigi kabudgu ekstrakti ile kaplamanin 5 °C ve 20 °C’deki depolama boyunca érneklerin toplam fenolik

icerigine (TPC) (mg GAE 100 g™ elma) etkisi.

Sample ° o
Srnek 5°C 20°C
Time (days) Time (h)
Zaman (giin) Zaman (saat)
0 8 0 32
Noncoated sample 120.56+0.87 187.86+0.95 120.56+0.89 128.89+0.80
Kaplanmamis 6rnek
Sample coated with extract 122.36+0.72 199.80+0.99 122.3610.76 130.53+0.86

Ekstrakt ile kaplanmis 6rnek

The findings are aligned with the results
reported by Simdes et al. (2009) who studied
modified atmosphere packaging (MAP) and edible
coating on carrot sticks. Their results showed that
some phenolic components identified at day 0
were lost by the end of evaluated storage period.
Whereas, new undetected phenolics were formed
in respect of coated carrot sticks. Tudela et al.
(2002) reported similar findings explored with
testing fresh-cut potato. Synthesized phenolics
might explained by wounding the product and
cooling storage temperature by the means of
mechanism of abiotic stress (Cisneros-Zevallos,
2003). Santagata (2018) used the edible coatings
based on pectin and honey on dehydrated cut
fruits to promote fruit conservation. According to
their results the coated and non-coated fruits
reported losing in total phenolic contents,
however values of coated samples were shifted at
higher concentration interval. This result was
attributed to the fruit dehydration, followed by
the increasing in substances contents such as;
solutes and bioactive and also usage of honey-
based coating that contribute into supporting
phenolic contents of treated dried fruits. It's
known that the honey has very high polyphenols

content naturally (Al-Mamary et al., 2002).

Conclusion

The results of this study give some insight into
pectin-wax coating and its incorporation with
pistachio hull extract for the edible coating of
fresh-cut apples. The findings showed that edible
coating has a significant role to maintain product
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color and reduce the browning of fresh-cut
apples. Furthermore, coating process can extend
the shelf-life of apple pieces.

Investing in innovative food packaging techniques
such as edible coatings is extremely important to
maintain the food value chains and increase the
food production to its maximum thus, contributes
into protecting environment and reduce the

massive plastic packages are used in food

industry. Adoption of suitable packaging

technologies by the food industry can be useful to
extend the shelf life, improve quality, safety, and
provide information about the product. The
findings of this research can open the door for
further studies on incorporating pistachio hull
extract as a natural additive into edible coating
materials and the opportunities to scale up the
production of this innovative coating materials for
industrial purposes.
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Introduction

This workislicensed under
aCreative
CommonsAttribution-Non
Commercial
4.0Intemational License.

Functional foods used for the purpose of
regulating health and developing diet were

ABSTRACT

A probiotic snack model food was formed with apple and Lactobacillus rhamnosus GG (LGG).
The effects of dehydration process conditions with design of experiment (DoE) and dryer
types used in the production were evaluated through optimization and probiotic qualification
of the final product. Experiments on ultrasound assisted osmotic dehydration (US-OD) of
apple cubes designed by Box-Behnken were conducted to obtain the maximum water
reduction. Optimum values of sucrose solution concentration (40, 45, 50%), apple and
solution ratio (1:4, 1:6, 1:8 w w'') and ultrasound application time (10, 20, 30 min) variables of
the design were determined. The DoE methodology introduced the results that maximum
water loss was reached at the conditions of 50% sucrose concentration, 1:4 apple and solution
ratio and 10.05 min; sucrose concentration was the most effective variable; quadratic model
submitted a good fitting (R2=O.929) with the experimental results. Apple samples produced
under the optimized conditions were dried with convectional and conventional dryers at
specific temperature, 37 °C during 5 hours. The results showed that the remaining number of
viable LGG cells (10°-10cfu g'l) was sufficient to qualify dried products as probiotic.

Key Words: Optimization, Osmotic dehydration, Probiotic dnack, Ultrasound assisting
0z

Probiyotik atistirmalik model yiyecegi elma ve Lactobacillus rhamnosus GG (LGG) ile
olusturulmustur. Uretimde kullanilan deney tasarimi (DoE) ve kurutucu tipleri ile dehidrasyon
islemi  kosullarinin etkileri optimizasyon ve son Urlinin probiyotik yeterliligi ile
degerlendirilmistir. Elma kiiplerinin ultrason destekli ozmotik dehidrasyonu (US-OD) ile
maksimum diizeyde su igerigini azaltmak icin Box-Behnken tarafindan tasarlanan deneysel
tasarim c¢ercevesinde deneyler yirutilmistir. Deneysel tasarimin sikroz ¢ozelti
konsantrasyonu (% 40, 45, 50), elma ve cozelti orani (1: 4, 1: 6, 1: 8 w w') ve ultrason
uygulama siresi (10, 20, 30 dak) degiskenlerinin optimum degerleri belirlenmistir. DoE
metodolojisi, % 50 sikroz konsantrasyonu, 1:4 elma ve c¢o6zelti orani ile 10,05 dakika
kosullarinda maksimum su kaybina ulasildigini ortaya koymustur; siikroz konsantrasyonunu en
etkili degisken olarak belirlemistir; ve kuadratik modelin deneysel sonuglar ile iyi bir uyum
sagladigini (R*=0.929) ortaya cikarmistir. Optimize edilen kosullar altinda dretilen elma
ornekleri, 5 saat boyunca 37 °C sicaklikta konveksiyonel ve konvensiyonel kurutucularla
kurutulmustur. Sonuglar, canli kalan LGG hiicre sayisinin (106—107kob g‘l) kurutulmus Grinleri
probiyotik olarak nitelendirmek i¢cin yeterli oldugunu gostermistir.

Anahtar Kelimeler: Optimizasyon, Ozmotik dehidrasyon, Probiyotik atistirmalik, Ultrason
destekli

defined with the concept of "food as medicine"

many years ago (Hasler, 2002). The Japanese

brought forward the functional food term for
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saving both human health and high health costs in
1980s (Plaza et al., 2008). Today simply, foods or
food ingredients have the ability of improving
human health that described as functional. Basic
beneficial effects of functional foods are
characterized by reducing high blood pressure,
cholesterol and blood sugar, providing nutritional
impacts, and reducing risks of heart diseases,
cancer and osteoporosis (Charalampopoulos et
al., 2002; Hasler, 2002).

Functional foods have introduced probiotics
(Ps) that are viable microorganisms contributing
to human health by affecting gastrointestinal
system (GIS). They improve intestinal microbial
balance and provide detoxification by enhancing
the composition and activities of GIS, thereby
they strengthen the immune system and reduce
the risks of diseases. Ps are predominantly lactic
(LAB),

species such as L.

acid bacteria particularly Lactobacillus
L.
rhamnosus and L. acidophilus (Charalampopoulos
et al., 2002; Grajek et al., 2005; Farnworth, 2007;

Plaza et al., 2008). Bifidobacterium species (B.

casei, L. plantarum,

longum, B. animali and B. lactis) are the other

most known probiotic microorganisms
(Charalampopoulos et al., 2002).

Foods with probiotics are among the most
important and frequently consumed functional
foods (Farnworth, 2007). Foods and beverages
including probiotics can be animal or vegetable
derived. Animal derived Ps are generally
fermented dairy products like cheese, kefir and
yoghurt whereas vegetable derived ones are
fermented fruits and vegetables like pickles
(Farnworth, 2007). The Japanese foundation,
FOSHU (foods for specific health uses) started to
produce probiotic products and sold them to the
public in 1990s. Dietary fibre, oligosaccarides and
LAB are three categories among the eleven ones
which the
FOSHU foundation has particularly designed for
functions (Farnworth, 2007).

comprise the two categories since they contain

referred functional components,

intestinal Fruits

high, physically suitable and adequate amount of
dietary fibre and have various oligosaccarides

(Demirci et al.,, 2017). Dietary fibre and
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oligosaccaride in the fruits also provide prebiotic
effect. The third category is corresponded by the
probiotic added fruits. Probiotic-food consumers,
vegans and the consumers of non-dairy and
healthy foods are high interest in probiotic fruit
products. (Pimentel et al.,, 2015; Bellary and
Rastogi, 2016; Rodrigues et al. 2018). Li et al.
(2018) informed that with the becoming aware of
the relationship of fruits with health, the interest
in healthier, good taste and probiotic fruit snacks
has increased.

For snack food production, drying technology
is highly used in addition to frying, coating,
extruding, etc. Osmotic dehydration, vacuum
drying, hot air drying, ultrasound application,
emulsifying,microwave technology, fermentation,
freezing, high pressure processing, and pulsed
electric field treatment are common technologies
for basic drying of fruit products. In addition, they
are used as assisting applications in the drying
(Garcia-Noguera et al., 2010; Chen et al 2016;
Mierzwa et al., 2017; Nowacka et al., 2017;
Zielinska and Markowski, 2017).
are possible technologies for the production of
probiotic foods (Tripathi and Gri, 2014; Ramya
and Jain, 2017; Ambros et al., 2018). There are
important points such a production in terms of

Some of them

food engineering approach: (i) The infusion of
functional ingredients such as probiotics into the
matrix of fruits as solid food products is different
from liquid food ones due to the organoleptic
properties and compositions of the solids. The
techniques applied according to the structure,
properties of such foods should be controlled,
and the infusion should be improved (Bellary and
Rastogi, 2016); (ii) Process optimization should be
concerned for economics and product quality
(Ambros et al., 2018). Drying time and kinetics are
other important points where drying is the main
technology for the production of dried probiotic
fruit snack foods (Betoret et al., 2003).

which
worldwide and consumed in various forms (juice,
fresh, jam, etc.) (Rodrigues et. al., 2018) has 2%
dietary fibre and rich oligosaccaride content

Apple, is commonly cultivated

(Erdogan and Demirci, 2014). Impregnation of
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probiotic lactic acid bacterium(a) in apple fruit
and applying drying technology may create an
opportunity for a functional snack. Lactobacillus
rhamnosus GG (LGG) selected in this study for the
targeted product is a proved and one of the most
studied probiotic bacterial strains (Valik et al.,,
2008). It is also used in food industry as a
probiotic and protective culture (Flores-Andrade
et al., 2017). We aimed to produce probiotic
apple snack with regard to the statements that
literature knowledge of probiotic fruit products is
limited (Puente et al.,, 2009);
approaches
keeping probiotic cells alive are necessary for the

well-designed
strategies and novel based on
drying technology (Broeck et al., 2016; Flores-
Andrade et al., 2017); optimization of air drying
periods helps to reduce energy and costs (Garcia-
Noguera et al., 2010); co- and/or pre- treatments
are needed for avoiding organoleptic changes
while drying by air (Mierzwa et al.,, 2017), and

improving the final product quality (Garcia-

Noguera et al., 2010). As the preliminary stage of

the production, the conditions of the
pretreatments, penetration time and drying
technology were optimized. The process

parameters of ultrasound assisting osmotic
dehydration were modeled and optimized in the
scope design.

ProbioticLGG penetration was then employed at

of Box-Behnken experimental

different periods. Conventional and convectional
drying procedures were putted in practice to
discuss which one is the effective in terms of
viable cell number and moisture content of the
product.

Materials and Methods

Operations and goals of this study were
visualized in Figure 1.

| US-0D process
* Preparation of
freshapple preparation

|:> | Penetration step |::> | Drying process
* Probiotic LGG * Convectional

# Comventional

sunneIads

1 1

Optimization of Time optimization

process conditions

Technology
optimization

=

* Maximum
water loss

viability

* [Maximum cell

= Mininmum
moisture content

= Maximum cell
existing

S[E00) % STy

Figure 1. Diagram of the study
Sekil 1. Calismanin diagrami

Preparation of apple cubes and microorganism
inoculum

Apples (Malus domesticastarking delicious)
were purchased from a local market (Gaziantep,
Turkey). They were washed with water, peeled
and cut into cubes (1 cm) with a cutting device.

Lactobacillus rhamnosus GG was selected in
this study since it is a proved and one of the most
studied probiotic bacterial strains (Valik et al.,
2008), and also used in food industry as a
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probiotic and protective culture (Flores-Andrade
et al.,, 2017). Lactobacillus rhamnosus GG (ATCC
53103) was supplied from Bayburt University and
used as probiotic bacteria in this study. The
microorganism was maintained in Man, Rogosa
and Sharp (MRS) broth/agar (Merck, Germany) as
a selective medium for the Lactobacillus species.
The inoculum was prepared using a 24-26 h fresh
culture cultivated in 100 mL MRS at 37 °C to
obtain an initial cell concentration of 7.2x10° cfu
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mL>. After cultivation, the cells were removed
from the medium and washed with physiological
salt solution (PSS, containing 0.85% (w v'') NaCl)
once to avoid the taste and smell of MRS
medium. The procedures of cell transfer and
inoculum were followed as described by
Rodrigues et al. (2018) with minor modifications.

Viable cell count of the samples was
determined placing 5 g sample in 45 ml sterile PSS
and preparing a serial decimal dilution. Dilution
series were obtained by mixing 1 mL previous
dilution and 9 mL sterile PSS. Aliquots of 0.1 mL of
dilution were plated on MRS agar. Plate counting
was carried out after 2-3 days incubation at 37 °C
and cell number was calculated by the equation
below (Halkman, 2005):

N=C/[V*d*(n1+(0.1*n;))] (1)

N: colony number in 1 g or 1 mL sample (cfu g™)
C: total colony number at all plates

V: inoculation volume (mL)

d: dilution ratio of more concentrated dilution
series

ny: plate number counted of first dilution

ny: plate number counted of second dilution

Brix measurement

The solute gain was observed by measuring
Brix (°Bx) values of the US-OD treated and un-
treated apple samples. The samples were pressed
using a porcelain mortar and squeezed with a
clean white cloth. The Brix value of the juice was
measured with a refractometer (PTR 46 X, Index
Instruments, USA) (AOAC, 1990).
Ultrasound assisted osmotic dehydration process

The design of experiments (DoE) approach was
utilized in the US-OD pretreatment, which is
consisting of experimental design, modeling and
optimization transactions. The independent
variables, levels and environmental conditions
were decided considering the literature
knowledge. Sharma et al. (2009) reported that
rate of water loss in OD system depends on
solution concentration, employment time and
temperature, solid liquid ratio, and surface area
of solid. Ramya and Jain (2017) informed that the
OD operation of apple samples generally
conducted at the conditions of 1:20 solid liquid
ratio, 30 °C environment temperature, little
pieces of apple, and 60% sucrose solution. In
addition, the total OD period was discussed as 3
hours according to the knowledge that long OD
periods may cause degradation of compounds in
fruits and deformation of texture (Chottanom et
al., 2016), and maximum water loss occurs within
the first hour of OD application (Sharma et al.,
2009).

Experimental design

Box-Behnken design (BBD) was generated
using three independent variables; osmotic
solution concentration (%), S:L ratio (w w™) and
US time (min) at three levels by Design of Expert
Version 7.1.6 program (Stat-Ease, Inc.,
Minneapolis, USA). High, middle and low codes of
the variables were presented in Table 1. There
were 15 runs with 3 centre points conducted
through the design (Table 2). The depended
variable -response- was moisture content
expressing water loss.

Table 1. Levels of the independent variables for US-OD pretreatment

Cizelge 1. US-OD 6n islem icin bagimsiz degiskenlerin seviyeleri

Independent variables Symbol Low code Middle code High code
Bagimsiz degiskenler Sembol Diisiik kod Orta kod Yiiksek kod
Solution concentration (%),

Cozelti konsantrasyonu (%) X 40 45 >0

S:L ratio (w w™), « 14 16 1:8

S:L orani (ww™) 2 ' ) ’

usS time (min), X 10 20 30

US zamani (dak)
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US-OD pretreatment:The edible apple cubes
(20 g for each experiment) were immediately
placed in 250 mL Erlenmeyer flasks containing
sucrose solution with regard to the levels of
osmotic solution concentration and S:L ratio.
Firstly, ultrasound treatment was applied to the
samples using an ultrasonic bath (Intersonic, Min
4 Model, Transducer Pzt=4, 350 W, Turkey) at
constant frequency, 25 kHz and temperature, 30
°C according to the US time levels of the BBD
the
dehydration time (3 h) was carried out in a rotary

design. Secondly, rest of total osmotic
shaker (Innova 40R New Brunswick Scientific,
USA) at 180 rpm and 30 °C temperature. The
constant experiment conditions were applied
with regard to the review study of Ramya and Jain
(2017).

completed in the scope of the experimental

When the US-OD pretreatment was

design, the samples were immediately utilized for
moisture content analysis (AOAC, 1990).
Modeling:Quadratic model using second order
polynomial equation (Montgomery, 2001) was
selected for the modeling of experimental and
predicted data of the moisture content response.
The equation of the model is:
k k j-1 k
y:ﬁ0+2ﬁjxj +Zﬁjszj +ZZﬂinin (2)
j=1 j=1 i=1 j=2
Where y is the predicted response, 8y is model
8; the
coefficients (linear, interaction, quadratic) and

constant, Bjand B are regression

xjand xjare the levels of the independent

variables.

Optimization

Optimal conditions were determined according
to the minimum moisture content value reached
after the US-OD pretreatment. The experimental
data were evaluated by regression and variance
(ANOVA)
Methodology (RSM) at a significance level of 5%
(p<0.05).

analyses in  Response  Surface

LGG penetration
After the
determined for the US-OD pretreatment, the

optimized conditions were
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apple LGG
microorganism by agitating at 180 rpm and 30 °C

sample was penetrated with
in the rotary shaker during 5 and 10 minutes. The
penetration periods were discussed considering
the study of Krasaekoopt and Suthanwong (2008).
When the penetration periods were ended,
moisture content and viable cell analyses were

carried out.

Drying process

After LGG penetration, drying process was
performed using a hot air drier (UOP 8 Tray Drier,
Armfield, UK) at constant velocity (2.0+0.05 m s
and a vacuum dryer (VD 23 Binder, Germany) at
constant pressure (1 atm) to create stationary
heat source as in conventional or cabinet dryers.
The drying processes were continued until
reaching a constant weight reduction at 37 °C
temperature degree for both drier. The viable cell
number and moisture content of the dried
samples was analysed when the drying period for
both driers were ended.

Statistical analysis

One-way ANOVA with Duncan® test in SPSS
program (Version 22.0, IBM SPSS Software, USA)
at a significance level of 5% was performed to
investigate the mean differences of the moisture
content and refractive analyses’ results.

Results and Discussion

Ultrasound assisting or combining with
osmotic dehydration is more efficient for reducing
of water in fruit and vegetables (Goula et al.,,
2017; Nowacka et al., 2017). Thus, US application
was used to assist the OD process as a
pretreatment in this study. The results of the
target response and Brix values of the samples
obtained from the US-OD pretreatment with BBD
matrix are presented in Table 2. The Brix values
showed that the apple gained sucrose according
to the un-pretreated apple (16.17 °Bx). When we
evaluate the maximum (33.31) and minimum
(26.22) Brix values, it is seen that the sucrose up-

take increases with the increasing levels of each
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variable. It is known that ultrasound helps mass
transfer of OD system for fruits by increasing the
cell permeability and transfer of solutes
(Azarpazhooh and Ramaswamy, 2010; Bellary and
Rastogi, 2016; Nowacka et al., 2017). Also, it is
evaluated from the results that the higher S:L
ratio helps this transfer at higher sucrose
concentrations.

In Table 3, ANOVA results showed that
statistical significance of the fitted second order
guadratic model equation at 0.05 probability
value. Further evidence of goodness of fit was
provided by R? value (92.9%) determining the
fitting between the experimental and predicted
response values. Lower probability value
(0.0209<0.05) of the model suggested showed
that the quadratic model is appropriate. The
validation of the model was introduced by not
(0.7308>0.05).
Regression analysis indicated that a significant
effect (p<0.05) the

concentration variable (x;) and quadratic terms

significant lack of fit value

of osmotic  solution
(x172, x,"2, x3"2) of the moisture removal. Coded
coefficients of the model terms denoted that the
direction in which the target is affected. Negative
coefficient value of the solution concentration
variable (-2.2938) exhibit that the moisture
content in the product decreased as the level of
the variable increased.

Visual results of DoE approach are represented
as 3D plots in Figure 2 demonstrating the
interaction effects of the independent variables
on the moisture content left in the samples while
the third one was kept constant. All the figures
point that the minimum water content values in
the samples reached with the pretreatment,
while US time has the minimum level (10 min),
and S:L ratio and solution concentration variables
have the maximum levels (1:8 w w™ and 50%) in
Figure 2a, 2b and 2c, respectively.

The the US-OD
pretreatment were optimized in ranges depicted

three parameters of
in Figure 3. According to the results, the lowest
moisture content (69.63%) was reached at the
conditions of 50% sugar concentration, 1:4 solid

liguid ratio and 10.05 min US time. The
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dehydration effect of higher concentration of
sucrose is already known (Barman and Barwaik,
2017; Ramya and Jain, 2017), which is a parallel
consequent with the highest concentration result
of the study. The lowest US time is interpreted as
a score for the further study since there are
results indicating long US periods that causes
deformations in texture of fruits (Nowacka et al.,
2017). Contour plot in Figure 4 shows how the
solid-liquid ratio and solution concentration
relationship affects the moisture level in the
sample at a constant US time and indicating the
maximum water loss prediction. The lines in the
blue area depict the approach to the target.
Consequently, the amount of water in fresh apple
(84.43%) reduced by 9.7-16.46% by

employing the US-OD pretreatment for 3 hours.

was

The DoE approach showed that a water reduction
in the ratio of 17.87% could be reached.

Amami et al. (2017) studied the kinetics of the
US-OD process of strawberry in the scope of BBD
with the variables of US-OD time (10, 20, 30 min),
Brix of solution (0, 32.5, 65 °Bx) and temperature
(20, 30, 40 °C). BBD and RSM provided an
effective approach for modeling with quadratic
equation and optimizing the US-OD process
conditions as found out in our study. Quadratic
model was adequate at p<0.05 level and showed
a good fit for loss of water with 0.989 R-squared
value. Ultrasound application time and solution
Brix were the significant terms. When the both of
them increased, the water loss was increased.
Ultrasound application revealed a great reduction
of drying time by increasing the water loss.
Optimal conditions of the US-OD process are 20.5
min US time, 47.5% solution concentration, and
31
concentration found and temperature value

°C temperature. The optimum solution
implemented in the presented study is parallel
with the results of Amami et al. (2017).
Garcia-Noguera et al. (2010) dried strawberry
with a US-OD pretreatment. Constant sucrose
solution temperature (30 °C), S:L ratio (1:2) and
air drying conditions (60 °C, 0.5 m s™*) were used
for OD alone and US-OD processes. At different

sucrose concentrations (0, 25, 50%) and US



DursunSaydam et al., 2019.Harran TarimveGidaBilimleriDergisi, 23(3): 324-334

application periods (10, 20, 30, 45 min), they
determined that the ultrasound helps to reduce
total the US-OD pretreatment
reduces the drying time, the maximum sucrose

drying time,

concentration provides maximum water loss, and
optimum US time is 30 min at 25 kHz. Reducing
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method for
decreasing drying time of strawberry. A similar
approach was exhibited at

concentration is an effective

constant US

application frequency and OD temperature level
as the selected constant values in our study. They
revealed that the effectiveness of US-OD process
for the removal of moisture in fruits as we did for
apple.
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Figure 2. 3D plots demonstrating the interaction effects of the independent variables on the response; a: solid and
liquid ratio and solution concentration, b: ultrasound application time and solution concentration, c: solid and

liquid ratio and ultrasound application time

Sekil 2. Yanit lizerindebagimsiz degiskenlerin interaksiyon etkilerini gésteren 3 boyutlu grafikler; a: kati ve sivi orani
ile ozmotik ¢ézelti konsantrasyonu, b: ultrason uygulama siiresi ile ozmotik ¢ézelti konsantrasyonu, c: kati ve

swvi orani ile ultrason uygulama siiresi
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Table 2. Box-Behnken design matrix with responses of the independent variables
Cizelge 2. Bagimsiz degiskenlerin yanitlariyla Box-Behnken dizayn matriksi

Run %, (%) % (ww) x5 (min) Moisture co'ntent (%) Fruit Bri.x '
Deney Nem miktari Meyve Briksi
1 50 1:8 20 70.70+0.20° 33.31+0.08’
2 40 1:8 20 74.75+0.51° 29.37+0.38°
3 50 1:6 30 70.53+0.23° 32.15+0.11'
4 45 1:6 20 75.39+0.54° 27.09+0.01™
5 40 1:6 30 75.70+0.52° 27.02+0.09™
6 50 1:4 20 71.66+0.58% 30.62+0.06"
7 45 1:8 10 71.78+0.23% 29.4340.36°
8 50 1:6 10 71.04+0.46% 32.60+0.03'
9 45 1:6 20 75.41%0.33° 28.09+0.01%
10 45 1:4 30 75.26+0.84° 26.86+0.13"
11 40 1:4 20 76.24+0.16% 30.45+0.56"
12 40 1:6 10 75.59%0.03° 26.22+0.02°
13 45 1:6 20 77.53+1.57° 27.67+0.02%°
14 45 1:4 10 72.90+0.32" 28.89+0.14®
15 45 1:8 30 72.90+0.34° 28.53+0.05°'
Un-pretreated apple 84.43+0.08 16.1740.02

On islem yapilmayan elma

o, expresses the mean differences in the column (p<0.05).

. sijtundaki ortalamadan farkhliklari agiklamaktadir (p<0.05).

: standard deviation.
: standart sapma.

+ 1+

Table 3. ANOVA results of the modeling based on moisture content measurements
Cizelge 3. Nem igerigi él¢iimlerine dayanan modellemenin ANOVA sonuglari

Source Sum of squares Coded coefficients

Kaynak Kareler toplami Prob>F Kodlu katsayilar

Model, Model 67.8380 0.0209*

Intercept (8,), Intersept 76.11

Linear terms, Lineer terimler

X3 (%) (84) 42.0903 0.0014 -2.2938

X, (w/w) (8,) 4.3956 0.0946 -0.7413

X3 (min) (85) 1.1858 0.3339 0.3850

Interaction terms, Interaksiyon terimleri

X1X5 (B165) 0.0702 0.8051 0.1325
X1X3(8463) 0.0961 0.7731 -0.1550

X,X3(8,83) 0.3844 0.5693 -0.3100

Quadratic terms, Kuadratik terimler

Xx;72 (B4;) 7.0699 0.0476 -1.3838

X,"2 (B3,) 7.1211 0.0471 -1.3888

X3"2 (B33) 8.4328 0.0358 -1.5113

Residual 5.1877

Lack of Fit 2.1629 0.7308**

Pure Error 3.0248

Cor Total 73.0258

Statistic results, istatistik sonuglari

Standard deviation, Standart sapma 1.0186 R-Squared 0.9290

Mean, Ortalama 3.82537 Adj. R-Squared 0.8011

CV.% 1.3797 Pred. R-Squared 0.4329

PRESS 41.4126 Adegq. Precision 7.2985

*: significant and **: not significant (p<0.05).

*:anlamli **: anlamli degil (p<0,05).
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N

40.00 50.00 4.00 8.00 10.00 30.00

Solution concentration = 50.00 S:L ratio = 4.01 US time = 10.05

T

70.53 77.53

Desirability = 1.000

Moisture Content = 69.63

Figure 3. The optimum conditions of the US-OD pretreatment in terms of coded values. The circular signs on the
interval lines of the parameters indicate the optimum results

Sekil 3. Kodlu degerler iizerinden US-OD én isleminin optimum kosullari. Parametrelerin aralik gizgileri iizerindeki
dairesel isaretler optimum sonuglari belirtir

Moisture Content (%)

SiLratio (w/w)

Prediction

400 43 450 473 500

Solution concentration (%)

Figure 4. The predicted minimum moisture content value depicted by contour plot
Sekil 4. Tahmin edilen minimum nem miktari degerini gésteren kontiir ¢izimi

Table 4. Moisture content and viable cell number results
Cizelge 4. Nem miktari ve canli hiicre sayisi sonuglari

Apple samples Moisture content (%) Viable cell number (cfu (mL'l) g'l)
Elma numuneleri Nem miktari (%) Canli hticre sayisi (kob (mL'l) g'l)
Fresh, Taze 85.78+0.52
US-OD pretreated,
73.3410

US-OD én islemi uygulanmis
5 min penetrated, 9

+
5 dak penetre edilmis 80.4810 6.3x10
10 min penetrated, 9

+
10 dak penetre edilmis 80.94£0 6.7x10
Convectional dried, 7

. 8.79+1.40 0.1x10

Konveksiyonel kurutulmus
Conventional dried, 23.0243.65 0.5x10°

Konvensiyonel kurutulmus
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LGG penetration was followed for the sample
dehydrated at the optimized conditions. It was
observed that there was no difference between
the number of viable cells and moisture content
in the five and ten minute penetrated apple
samples as presented in Table 4. Meanwhile, it
was seen that the apple cubes received some
(=10%).
(2008) penetrated guava and papaya fruits with L.
10 and 15 min. Suitable
penetration conditions for guava and papaya

water Krasaekoopt and Suthanwong

casei during 5,
were found as 5 and 10 min respectively.

After penetration time optimization, the apple
samples were penetrated for 10 min and the
process was continued with drying processes. The
amount of water in the apple samples was
reduced at the ratios of 89% and 72% with
and with dryers
respectively in 5 h. The results of the convectional

convectional conventional
drying process showed more desirable results for
a probiotic apple snack with higher viable cell and
lower moisture content. Rodrigues et al. (2018)
studied such a product at 10, 40 and 60 °C
temperatures and 1 m s™* velocity of convectional
dryer. They obtained a probiotic product for all
temperatures as a result of drying until 80% of
the sample weight was reduced. They reported
that the number of living cells decreased as the
Additionally,
revealed the result that 100 g of probiotic apple

temperature increased. they
snack intake provides 100 million probiotic cell
intake. In the presented study, same probiotic cell
in take result with same hot source system was
obtained at 37 °C.The conventional dried apple
cubes had higher moisture content. It is thought
that more drying time is needed for vacuum
dryer. Nevertheless, probiotic apple cubes could
Li et al. (2018) tried to produce

probiotic-enriched apple snack using a cabinet air

be produced.

dryer at 40 °C for 12 h. They achieved to produce
probiotic qualified snack.

Conclusions

Approximately 17% water loss could be

obtained by the US-OD pretreatment in the scope
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of experimental design, which is a good result for
the effectiveness of the drying process. Kinetic

study will be performed to increase the
productivity of the pretreatment and understand
mass  diffusivity phenomena of osmotic
dehydration.

It is revealed that the probiotic apple snack
could be produced by the study performed.
However, a detailed drying process and shelf-life
will be studied under the optimized conditions,

and organoleptic properties (flavour, colour,

texture, etc.) and nutritional content will be
investigated in the further studies.
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Introduction

Adulteration is a process of making a cheaper
product, disrupting the purity of something,
replacing the precious component with the not

ABSTRACT

In research study, olive oil adulteration with olive pomace oil was monitored by fatty acids,
AECN42 values and sterol analysis. To this end, virgin olive oil obtained from cv. Kilis Yaglik
(KY) was mixed with olive pomace oil at different proportion (1, 5 and 10 %). Gas
Chromatography (GC) was used to analyse fatty acid and sterol compositions. The fatty acids
with Equivalent Carbon Number 42 (ECN42) and AECN42 values of pure and adulterated oils
were also used to determine adulteration. Considering the results of fatty acids analysis, when
olive pomace oil was mixed, the ratios of oleic acid and palmitic acid in olive oil, was
decreased. The difference of theoretical and experimental ECN42 values (AECN42) were
increased in adulterated oils. Beta-sitosterol which is important compound in the sterol
composition, increased up to 81.42 % when mixed with 10 % olive pomace oil. Taking into
account the R, values of the oil samples, adulterated oils displayed higher value than of pure
oil. According to PCA analyses, oil samples took placed in three different groups according to
fatty acids and TAGs profile, while in four different groups due to sterol composition. In all of
the PCA analyzes, pure KY oil was clearly separated from the adulterated oils.

Key Words: Adulteration, Olive oil, Fatty acids, ECN42 value, Sterols

(074

Bu arastirma calismasinda, zeytin pirina yagi karistirilarak yapilan zeytinyagi tagsisi, yag
asitleri, ECN42 degerleri ve sterol analizleri ile izlenmistir. Bu amagla, Kilis yaghk (KY)
cesidinden elde edilen yaglar farkli oranlarda (% 1, 5 ve 10) pirina yag ile karistirilmistir. Yag
asidi ve sterol bilesimlerini analiz etmek icin Gaz Kromatografisi (GC) kullanilmistir. Tagsisi
belirlemek igin, saf ve katkili yaglarin Esdeger Karbon Sayisi 42 (ECN42) ve deltaECN42
degerleri de kullanilmistir. Yag asidi analizinin sonuglari dikkate alindiginda, pirina yagi
karistirilan zeytinyaglarinda oleik asit ve palmitik asit oranlari azalmistir. Hileli yaglarda teorik
ve deneysel ECN42 degerlerinin farki (AECN42) artmistir. Sterol bilesimi icinde énemli bir
bilesik olan beta-sitosterol orani, % 10 pirina yag karistirildiginda % 81.42'ye kadar
yukselmistir. Yag 6rneklerinin R, degerleri dikkate alindiginda, katkili yaglar saf yagdan daha
yuksek bir deger sergilemistir. PCA analizlerine gore, yag numuneleri yag asitlerine ve TAG
profiline gore tg farkli gruba ayrilirken, sterol bilesimine gore dort farkl grupta yer almistir.
Tim PCA analizlerinde saf KY yagi, tagsisli yaglardan belirgin bir sekilde ayriimistir.

Anahtar Kelimeler: Tagsis, Zeytinyagi, Yag asitleri, ECN42 degeri, Steroller

worth one, or adding another cheap addition.
Food adulteration have been alarming in recent
years for food technology, specialists, producers
and regulatory authorities because of food-borne
ilinesses or economic reasons. Therefore, fast and
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simple detection of food fraud is very important
in the food industry. Many foods are exposed to
fraud during production or in daily life. One of
foods the most exposed to adulteration is olive
oil. (Jha et al., 2016).

Olive oil is obtained by squeezing from directly
the fruit of olive tree (Olea europea L.) without
any chemical treatment and additive material. It
is a greenish-yellowish colored liquid oil that can
be consumed as liquid at room temperature
especially in Meditarranean diet. Olive oil is
widely appreciated for its nutritional, health and
sensory properties and it constitutes one of the
principal ingredient of the nutrition (Tlrkoglu et
al., 2012; Tsopelas et al., 2018). Because of these
superior properties, olive oil is one of the most
exposed agricultural products for adulteration.
Since natural olive oil is a herbal source oil, the
fraud
important economic source of adulteration to

is mostly vegetable origin. The most
profit is addition of different cheaper oil sources
in various rates such as soya, sunflower, cotton,
hazelnut, olive pomace, corn, canola, etc.
Therefore, detection of adulteration is important
in order to maintain the quality of the oils and
relieve the health concerns. In the literature,
different methods have been examined to detect
the fraud of olive oil with other vegetable oils. In
previous studies, chromatographic (Jabeur et al,,
2014; Shi et al., 2018) and spectroscopic
(Jimenez-Carvelo et al.,, 2017; Li et al.,, 2018;
Meras et al., 2018) methods were used to identify
adulteration of olive oil.
Methyl fatty

determine the limits on the content of fatty acids

esters of acids normally
in olive oil and are also chemical compounds used
in the differentiation between the original olive
oil and other vegetable oils such as sunflower,
soybean and corn (Jabeur et al., 2014). In the
analysis of the fatty acid composition, cold
transmethylation method was used to obtain
methyl esters and they were characterized by gas
chromatography (GC) (Kelebek et al., 2014).

(TAGS) the

component of oils used in the detection of olive

Triacylglycerol’s are principal

oil adulteration. They were analyzed by high
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performance liquid chromatography (HPLC). TAGs
are separated according to the equivalent carbon
number (ECN) and double bond(s) position. The
triglycerides in oils starts from 42 carbons and
ends with 52 carbons. The ECN value is an
important to detect the
adulteration of oils. Olive oil contains a total of
nine triglycerides with an ECN value of 42.
Trilinolein is the most noteworthy because of its

abundance. To determine the presence of other

parameter used

oils mixed with olive oil, the difference between
ECN 42
triacylglycerol’s content is calculated. For this
the the
experimental value of TAGs with the equivalent

the experimental and theoretical

purpose, difference  between
carbon number 42 (ECN42upc) determined by
high performance liquid chromatography and the
theoretical value of the TAGs with the equivalent
carbon number of 42 (ECN42heoretical) Obtained
from the fatty acid composition by GC are
calculated and expressed as AECN42 value.
Sterols form a major part of unsaponifiable
substances and are found in almost all fats and
Sterols are also characteristics of the

originality of vegetable oils (Jabeur et al., 2014).

oils.

They are major to quality regulation of virgin olive
oil (VOO). Owing to the useful effects on health,
the concern in sterols has increased in recent
years. In sterol analysis, it is understood that even
vegetable oil and other oils are added to olive oil
in very small proportions.

Thus, the main purpose of this study was to
identify adulteration of olive oil mixed with olive
pomace oil by using gas chromatography and
high-performance liquid chromatography. To this
aim, analyses of fatty acids, AECN42 values and
sterols were applied and compared pure and
adulterated oils.

Materials and Methods

Reagents
The purified water was achieved by using a
Millipore-Q system (Millipore Corp., Saint

Quentin, France). The standards of fatty acids
(oleic, palmitic, palmitoleic, myristic, margaric,
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stearic, linoleic, arashidic, margoleic, gadoleic,
linolenic, lignoceric and behenic acids) were
obtained from Merck (Darmstadt, Germany). All
in sterol

chemicals used analysis were also

obtained from Merck except for internal
standards (3-a-cholestenol) from Sigma-Aldrich,

Supelco (Bellefonte, PA, USA).

Oil Samples

Olive oil sample was obtained from Kilis Yaglik
(KY) variety got from Kilis province which is a
natural geographical region of Southern Anatolian
Region of Turkey in 2017-2018 harvest year. The
olive pomace oil used as adulterant were
obtained from the local producer in Gaziantep
province.

Adulterated oils were prepared by mixing
different proportions (1, 5 and 10 % v/v) of olive
pomace oil to virgin olive oil. These proportions
were prepared as follow; for ratios of 1%, 5% and
10% were used 99 virgin olive oil:1 ml olive
pomace oil, 95 virgin olive oil:5 ml olive pomace
oil and 90 virgin olive 0il:10 ml olive pomace oil,
respectively. Oil samples were abbreviated as
follows; Virgin olive oil of Kilis Yaglik cultivar: KY,
olive pomace oil: OPO.

Analysis of Fatty Acids (FA)

The FA methyl esters of oil samples were
analyzed by capillary column gas chromatography
equipped with split injection (1:50) and a flame
ionization detector (FID) (Agilent 7890 A, CA,
USA). Fatty acid methyl esters were isolated by
cold trans methylation method (I00OC, 2001a).
Separation was executed by a capillary column
that had a 60 m length, 0.25 mm |.D. and 0.20 um
film thickness (HP-88, Agilent Inc., USA) for
isolation of cis-trans fatty acid methyl esters
(FAMEs). To obtain methyl esters, 0.1 g of oil
sample was weighed in a 5 ml screw-top test tube
and added 0.2 ml of 2 N methanolic potassium
hydroxide solution. It was capped by fitted with a
PTFE joint, tightened, and shaked vigorously for
30 sec. Clear upper solution was decanted and
upper phase containing methyl
injected to GC (1 ul
Hydrogen was used as a carrier gas. Detector and

esters was
of injection volume).
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injector temperatures were calibrated to 280 and
250°C, respectively. Oven temperature was
adjusted at 165°C for 15 min, then raising the
temperature by 5°C min™ to 200°C, then fixed at
this temperature for 15 min (I00C, 2001b). The
qualification of specific FAs (oleic, palmitic,
palmitoleic, myristic, margaric, stearic, linoleic,
arashidic, margoleic, gadoleic, linolenic, lignoceric
and behenic acids) was characterized from their
retention times of known standards and
quantified by determination of the area under the
about the topic peak based on the sum of the
areas under all peaks of fatty acids. Findings were
finally expressed as a percentage of the total.

Fatty acid analysis was performed in triplicate.

Determination of Delta ECN42 Values
International olive oil council method (I00C,
2017a) was used to detect TAGs with equivalent
42
theoretically. Delta ECN42 values were calculated

carbon number as experimentally and

using ECN42 values obtained from experimentally
and theoretically results.

TAGs with equivalent carbon number 42 as

experimentally (ECN424p,c)

The 5 % sample solution is prepared by weighing
0.5 g of the oil into a 10 ml graduated flask and
dissolved in 10 ml acetone. The analysis of
ECNgyupc Was performed on a HPLC equipped
with a Refractive Index Detectors (RID) (Agilent
1200, CA, USA). A Lichrospher 18-250AF column
(250%4.0 mm from Merck, Darmstadt, Germany)
was used to separation. Separation conditions
were as follows: mobile phase
with

636:364 and temperature of column, 35 °C; flow

was

acetone/acetonitrile  mixture ratio of
rate of 1.0 ml min™; and 10 pl injection volume of
samples. At the end of the analysis, the percent
areas of the three peaks determined according to
the peak order in the chromatogram were

summed and specified as value of ECN4npic.

TAGs with equivalent carbon number 42 as
theoretically (ECN42:heoretical)
This value was calculated by using fatty acid

profile. But, at the end of the analysis, only the
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percent peak areas of the fatty acids listed below
(Table 1) were included in the calculation of this
value. Calculation details are also explained in the
international olive oil council method (I0OC,
2017a).

Table 1. Fatty acids used in ECN42coretical Calculations
Cizelge 1. ECN42peoreicai hesaplamalarinda kullanilan yag
asitleri

Fatty acid (FA)  Abbreviation Molecular weight ECN

Yag asidi (YA) ~ Kisa Yazilisi  Molekiil agirligi - EKS
Palmitic acid P 256.4 16
Palmitoleic acid Po 254.4 14
Stearic acid S 284.5 18
Oleic acid 0] 282.5 16
Linoleic acid L 280.4 14
Linolenic Ln 278.4 12

Calculation of Delta ECN42 (AECN42) Values
Delta ECN 42 values were calculated by

subtracting experimental and theoretical ECN 42
values from each other.

Analysis of Sterol Composition

Sterol composition was determined by method
of International Olive Oil Council (I00C, 2017b).
The internal standard (a-cholestanol, 1 ml) was
added into pure olive oil samples (KY) and
adulterated oils (KY+OPO). Then, mixtures were
saponified by potassium hydroxide solution with
ethanol (50 ml, 2 N) using the reflux condenser,
and then extracted with diethyl ether. The thin-
layer chromatography on a basic silica gel plate
was used to separate sterols and triterpene
dialcohols fraction from the unsaponifiable
in 0.2 %

ethanolic solution was sprayed onto the sterol

matter. The 2,7-dichlorofluorescein

band, scraped off with a spatula and extracted
with chloroform, visualized under UV light. The
sterol and diol fractions collected from the silica
gel is converted into trimethylsilyl ethers by the
addition
pyridine/hexamethyldisilazane/trimethylchlorosil
ane (9:3:1, v/v/v) left for 15 min, and then
centrifuged. The sterol analysis was conducted on

of silylation reagent mixtute of

a gas chromatography coupled with a flame
ionization detector (Agilent 7890 A, CA, USA).
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Separation of the sterols was carried out using
capillary column with stationary phase SE-54 ((5 %
-Phenyl)(1 % -Vinyl)-methylpolysiloxane-30 m
lenght x 0.25 mm i.d.x 0.25 um film thickness)
from Agilent (J&W Sci., Santa Clara, USA). The
conditions in GC were as follows: Helium was
used as a carrier gas with a flow rate of 1.2 ml
280 °C; detector
temperature, 290 °C; oven temperature, 260 °C
held for 45 min.
completed by comparing the retention times of

min; inlet temperature,

Identification of sterols was

peaks with those of the standards. The result of

each sterol was expressed as percent

concentration and total amount was stated as

At the same time, Mariani Ratio (Rmar)
(Equation 1) as follows was used to detect the
adulteration of some oils to olive oils. This value
was observed lower or equal to 1 for pure olive

oils (Mariani et al., 1999).

(% 7 stigmastenol)’

Rmar = % campesterol x (Eq. 1)

% 7 avenasterol

Statistical Analysis

The results were specified as the average of
three replication and standard deviation. All
findings were subjected to variance analysis using
SPSS 21 software package and also Duncan’s
test
determine significant differences at 0.05 level (p <

multiple comparison was applied to
0.05). Principal component analysis (PCA) was
also applied using XLStat-Premium (2018) for

Windows (Addinsoft, NY, USA).

Results and Discussion

Results of Fatty Acid Profile

Table 2 indicates the fatty acid profile of pure
KY oil and its adulterations created by mixing 1, 5
and 10 % (v/v) quantities of olive pomace oil. As
shown in Table 2, the ratios of fatty acids located
in the first three ranks of KY oil were 74.47, 12.87,
and 5.86 % for oleic, palmitic, and linoleic acids,
respectively. Due to the results, the percentage of
oleic acid was decreased when OPO were added.
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As in oleic acid, palmitic acid was also decreased
after 5 % mixing of OPO (12.47 and 12.62 % for
adulterated oils with 5 and 10 % ratios). Linoleic
acid and stearic acid were increased when OPO
was added. While the ratio of miristic and trans
linoleic acids did not show any change, the ratio
of trans linolenic acid was increased when OPO
was mixed. According to the fatty acid profile of
adulterated oils, the ratio of all acids was in the
range of official limits (I00C, 2016). Besides, all
acid ratios between oil samples did not found
different as statistically (P < 0.05). Based on these
results, it can be said that fatty acids alone are
not satisfactory to detect adulteration. In
previous studies, adulteration was investigated
related to various oils. Jabeur et al. (2014) was

made an effort to detect adulteration of olive oil

Table 2. Fatty acid composition of pure and adulterated oils (%)

Cizelge 2. Saf ve tagsisli yaglarin yag asitleri bilesimi (%)

with 1-10 % proportions of soybean, corn, and
sunflower oils. They pointed out that the results
of fatty acids did not give sufficient information
owing to the levels of adulteration. In another
study, the composition of fatty acids of camellia
oil by mixing corn, sunflower and canola oil at
different ratios was examined. They stated that
pure and adulterated oils were chemometrically
different due to profile of fatty acids (Shi et al.,
2018).
adulterated with hazelnut, canola and sunflower

Fatty acids of pure sesame oil and
oils in different proportions (1-50 %) were
examined by Ozulku et al. (2017). They compared
fatty acids of pure and adulterated oils with
chemometrics methods. They denoted that fatty
acid composition could be used for the detection
of sesame oil adulteration.

Fatty acids percentage (%)°
Yag asitleri yiizdesi

Adulterated oils

Tagsisli yaglar
Officisl
5222?;'/:; ReSL;:; 'Iti,;qit’ KY KY+1% OPO  KY+5%OPO  KY+10% OPO
%
1 Miristic acid (C14:0) <0.03 0.01 0.01 0.01 0.01
2 Palmitic acid (C16:0) 7.5-20.0 12.87 12.87 12.47 12.62
3 Palmitoleic acid (C16:1) 0.3-3.5 1.21 1.20 1.14 1.15
4 Margaric acid (C17:0) <0.4 0.17 0.21 0.20 0.19
5 Margoleic acid (C17:1) <0.6 0.27 0.27 0.26 0.25
6 Stearic acid (C18:0) 0.5-5.0 3.53 3.57 3.71 3.67
7 Trans oleic acid (C18:1T) 0.01 0.04 0.03 0.02
8 Oleic acid (C18:1) 55.0-83.0 74.47 74.13 74.31 74.15
9 Trans linoleic acid (C18:2T) 0.02 0.02 0.02 0.02
10 Linoleic acid (C18:2) 2.5-21.0 5.86 5.85 5.93 6.04
11 Arachidic acid (C20:0) <0.6 0.49 0.50 0.54 0.53
12 Trans Linolenic acid (C18:3T) 0.67 0.88 0.88 0.85
13 Linolenic acid (C18:3) <1.0 0.25 0.26 0.28 0.28
14 Gadoleic acid (C20:1) <0.5 0.12 0.13 0.14 0.14
15 Behenic acid (C22:0) <0.2 0.07 0.07 0.08 0.07
16  Lignoseric acid (C24:0) <0.2 0.11 0.10 0.08 0.09

®Results are the means of three replications as percentage. ®Official limits of extra virgin olive oil (I00C, 2016). Values are not

significant statistically (p < 0.05)

The pure and adulterated oils was subjected to
to find the
difference as chemometrically. Sixteen fatty acids

principal component analysis
guantified were identified by two principal factors

(F1 x F2). The scores of the oil samples and the
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loadings of the variables and observations on the
two principal components are plotted in Figure 1.
The first two principal components, explained as
86.23 % of the total variance (66.05 % and 20.19
% for F1 and F2, respectively). As seen in score
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plot, pure oil was clearly separated from the
adulterated oils. While oils adulterated with the

ratios of 5 and 10 % were in the same group,
others settled in different groups.

Margoleic acid

Palmitolei

Lignoseric

F2 (20,19 %)

Biplot (axes F1 and F2: 86,23 %)

KY+1% OPO

Palmitic acid ©

Trans oleic acid
Margaric acid

Trans Linolenic acid

Gadoleic acid

—

Miristic acid

Oleic ac

F1 (66,05 %)

+10% OPO

| e Active variables

e Active observations |

Figure 1. Projection of the variables and observations on the factor plane (F1 x F2) according

to fatty acid profile

Sekil 1. Yag asidi profiline gére faktér diizleminde (F1 x F2) gézlemler ve dediskenlerin yansimasi

Results of Delta ECN42 Values

The TAGs with equivalent carbon number 42,
theoretical and experimental ECN42, and AECN42
values were given in Table 3. As shown in table,
the difference of theoretical and experimental
ECN42 values (AECN42) in adulterated oils was
higher than that in the pure KY olive oil. This value
is 0.04 in pure olive oil, while it is 0.12, 0.13, and
0.11 in oils adulterated with 1 %, 5 %, and 10 %
OPO, respectively. According to official standards,
this value should not be greater than 0.2 for virgin
olive oil. As a result, it can be said that when OPO
was added to olive oil, the adulteration could not
be detected by the AECN42 value. However, only
AECNA42 value of pure KY oil was found different
as statistically (P < 0.05) from adulterated oils.

In similar study, adulterations of extra virgin
olive oil with sunflower, soybean and olive
pomace oils using AECN42 values was determined
by Continas et al. (2008). They clearly
differentiated the olive oils adulterated with 1 %,
2 % and 10 % sunflower oil, soybean oil and
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refined olive pomace oil, respectively, by applying
discriminant analysis techniques using AECN42
values. Christopoulou et al., (2004), the AECN42
values were used to detect the olive oil
adulteration with the other vegetable oils. They
found that the values of AECN42 were effective in
detecting the adulteration of olive oils even at
very low levels of vegetable oils.

PCA was applied to determine the differentiation
of pure and adulterated oils by considering TAGs
profile, ECN42, and AECN42 values. The scores of
observations and variables are plotted in Fig. 2.
The variables were selected for the PCA and the
first two principal components were explained as
94.16 % of the total variance (62.43 % and 31.73
% for F1 and F2, respectively). As seen in score
plot, pure oil was clearly separated from the
adulterated oils. The pure and adulterated oils
were separated clearly in three different groups.
While oils adulterated with the ratios of 1 and 5 %
were in the same group, others settled in different
groups.
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Table 3. Triglyceride compositions and AECN42 values of pure and adulterated olive oils
Cizelge 3. Saf ve tagsisli yaglarin trigliserid kompozisyonlari ve AECN42 degerleri

Theoretical composition of TAGs with ECN42
EKS42 olan yag asitlerinin teorik kompozisyonu

TAGs (ECN42)

Triagilgliseroller (EKS42) KY KY+1% OPO KY+5% OPO KY+10% OPO
LLL 0.02° 0.02° 0.02° 0.02°
PolL 0.01° 0.01° 0.01° 0.01°
PoPol 0.00 0.00 0.00 0.00
PoPoPo 0.00 0.00 0.00 0.00
OLnL 0.17° 0.23° 0.23° 0.23°
PoOLn 0.04° 0.05° 0.05° 0.05°
PLnL 0.04° 0.05° 0.05° 0.05°
PPolLn 0.01° 0.01° 0.01° 0.01°
SLnlLn 0.00 0.00 0.00 0.00
ECN42heoretical 0.29 0.38 0.38 0.37

Experimental composition of TAGs with ECN42
EKS42 olan yag asitlerinin deneysel kompozisyonu

KY KY+1% OPO KY+5% OPO KY+10% OPO
LLL+PoLL 0.05° 0.05° 0.06° 0.08°
OLLn+PoOLn 0.17° 0.16° 0.15° 0.15°
PLLn 0.04° 0.05" 0.04° 0.03°
ECN42eyperimental 0.25° 0.25° 0.24° 0.26°
Difference ECN42

EKS42 farki 0.04° 0.12° 0.13° 0.11°
(AECN42)

Results are the means of three replications as percentage. Values with different letters in the same row are significant
statistically (p < 0.05)

Biplot (axes F1 and F2: 94,16 %)
5 —
PLLn
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Figure 2. Projection of the variables and observations on the factor plane (F1 x F2)
according to TAG profile and ECN42 values

Sekil 2. Triagilgliserol profili ve EKS42 degerlerine gére faktér diizleminde (F1 x F2)
goézlemler ve degiskenlerin yansimasi
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Results of Sterol Profile

The sterol profiles of pure oil and adulterated
oils were shown in Table 4. According to results,
the percent of some sterol compounds increased
or some of decreased when OPO was mixed. It
has been found that the amount of some sterols
The
amount brassicasterol should be below 0.1 %
according to the I00C limits. In pure Kilis yaglik

were not in the range of official limit.

olive oil, the ratio of this compound was 0.02 %.
However, in olive oil adulterated with OPO, this
value was 0.17 for adulterated oil with 5 % OPO
and 0.22 for adulterated oil with 10 % OPO. It can
be seen that the percentage of beta-sitosterols
decreased to lower limit (93 %) when mixed with
5 % and 10 % olive pomace oil. On the other
hand, A-7-Stigmastenol was also increased when

Table 4. Sterol composition of pure and adulterated oils (%)
Cizelge 4. Saf ve tagsisli yaglarin sterol kompozisyonu

KY oil was adulterated. It was seen that if the rate
of mixing of the olive pomace oil increased, its
Another
observed in

rates exceeded the upper limit.

important finding was
erythrodiol+uvaol compound. Due to official limit
its content should be less than or equal to 4.5 %.
However, its percentage increased to 6.40 for
adulterated oil with 5 % OPO and 10.14 for
adulterated oil with 10 % OPO. According to

results of statistical analysis, there were

significant difference in some compounds

between pure and adulterated oils. For example,
brassicasterol, A-7-campesterol,

erythrodiol+uvaol compounds and esterified
sterol fraction (Rmar) value and total sterol

content showed statistically differences (p < 0.05)

Sterol percentage (%)°

Sterol yiizdesi

Adulterated Oils

Tagsisli yaglar

i:gjlser S;:q'f}#?'i KY KY+1% OPO KY+5% OPO KY+10% OPO

1 Cholesterol <0.5 0.62° 0.66° 0.66° 0.53°
2 Brassicasterol <0.1 0.02° 0.04° 0.17° 0.22°
3 24-Methylen cholesterol 0.09° 0.09° 0.12° 0.08°
4 Campesterol <4.0 1.90° 1.92° 2.04° 2.11°
5 Campestanol 0.08° 0.09° 0.10° 0.11°
6 Stigmasterol <campe 1.39° 1.41° 1.69° 1.76°
7 A-7-Campesterol 0.04° 0.08° 0.17° 0.19°
8 Beta-sitosterols >93 94.41° 94.15° 93.56° 93.59°
A-5.23-Stigmastadienol 0.10° 0.14° 0.11° 0.10°
Clerosterol 0.98° 0.90° 0.83° 0.85°
Beta-sitosterol 79.10° 79.03° 80.25° 81.42°
Sitostanol 1.53° 1.62° 1.72° 1.95°
A-5-Avenasterol 12.15° 11.88° 10.11° 8.74°
A-5.24-Stigmastadienol 0.56° 0.59° 0.53° 0.53°
9 A-7-Stigmastenol <0.5 0.39° 0.46° 0.53° 0.53°
10 A-7-Avenasterol 1.05° 1.10° 0.96° 0.89°
11 Erythrodiol+Uvaol <4.5 2.65° 3.68° 6.40° 10.14°
12 Esterified sterol fraction (Rmar) 0.27° 0.38° 0.60° 0.66°
13 Total sterol (ppm) >1000 1449.38° 1545.60°° 1824.32%° 2202.77°

®Results are the means of three repetitions as %. Values with different letters in the same row are significant statistically (p < 0.05)
®|nternational Olive Oil Council, 08/11/2001, COI/T.15/NC.no. 2/Rev. 10 Trade Standard Applying to Olive Oil and Olive-

Pomace Oil.
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In previous studies, sterol profile was used to
detect adulteration. Jabeur et al. (2014)
investigated sterol composition by mixing soya,
corn and sunflower oils at various rates (1, 2, 3, 4,
5, and 10 %) to extra virgin olive oil. They found
that the amounts of campesterol and A7-
stigmastenol in olive oil mixed with 10 % soybean
oil increased above the limit values (6.17 > 4.0 %
and 0.59 > 0.5 %) and the amount of B-sitosterol
decreased (89.21 < 93 %). They said that the
sterol profile is almost determinative in declaring
the adulteration of olive oils with other vegetable
oils: 1 % of sunflower oil could be detected by the
rising of A7-stigmastenol and 4 % of corn oil by
the enhancing of campesterol.

Another that
information about the adulteration was the R,

important  finding gives
values. In previous studies, it was stated that R,a,
is not more than 1 for non-adulterated olive oil,
(Mariani et al., 1999; Azadmard-Damirchi, 2010).
Considering the Rpar of the oil samples, the pure
olive oil and adulterated oils displayed a value
lower than 1. However, this value increased as
the addition of OPO

Consequently, it can be said that when higher

rate of increased.

amounts of olive pomace oil are mixed, this value
could be used for detection of adulteration.
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Figure 3. Projection of the variables and observations on the factor plane (F1 x F2)

according to sterol profile.

Sekil 3. Sterol profiline gére faktér diizleminde (F1 x F2) gézlemler ve degiskenlerin

yansimasi

PCA biplot including variables and observations
of pure and adulterated olive oils according to
sterols are illustrated in Figure 3. As can be seen
in figure, oil samples demonstrated four separate
groups. The total variance was reported as 92.61
% (F1: 79.90 %; F2: 12.71 %). The score plot in the
PCA analysis showed that KY oil was clearly
separated from the adulterated oils due to
content of beta-sitosterols and cleroseterol. Total
sterol content was effective on discrimination of

adulterated oils with 10 % OPO. Considering the
value of Rmar, it was determined that the oils
mixed with 5 % and 10% OPO were distinctive.

Conclusion

Olive oil is one of the most food products
exposed to adulteration in the world due to its
relatively low production and high cost compared
to other vegetable oils. Therefore, identification
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of adulteration has been an important issue in
recent years. This research was focused on
detection of olive oil adulteration with olive
pomace oil by using fatty acid profile, AECN42
values and sterol composition. When olive oil is
mixed with other vegetable oils or pomace oils,
these profiles changes. According to the our
results, it can be said that fatty acids and AECN42
values are not very effective in detecting
adulteration, but sterols can be used to detect
adulteration of olive oil with olive pomace oil. On
the other hand, PCA

separation of pure and adulterated oils

analysis gave good

in
different groups.
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ABSTRACT

Recently, a variety of studies have been carried out on the production and analysis of
bioactive peptides. Here, based on in silico methods, antioxidative behavior of hazelnut
(Corylus avellana L.) peptides, which could be prepared by enzymatic treatments with 3
gastrointestinal (Gl) and 3 non-Gl enzymes were evaluated. On 10/03/2017, UniProt database
listed 469 hazelnut proteins. In the current study, a subset (23 ribosomal proteins) of these
proteins were examined and the activity of the Gl proteases (trypsin, pepsin, chymotrypsin)
for the production of antioxidative peptides were compared to non-Gl proteases (thermolysin,
papain and bromelain). Firstly, potential antioxidative peptide sequences were determined. Gl
proteases were less effective compared to non-Gl proteases in the manufacture of
antioxidative peptides. Antioxidative property of peptides, which were obtained by
thermolysin or papain treatments, were significantly higher compared to Gl proteases. When
all 23 proteins were treated 37 antioxidative peptides were formed by thermolysin, while 10
antioxidative peptides were predicted for trypsin. Of the 138 cases studied (23 proteins x 6
proteases), 44 antioxidative peptides were detected (i.e., 1 peptide in approx. 32% of all
cases). Based on current findings, hazelnut proteins can be considered a valuable resource for
antioxidative peptide manufacture.

Key Words: Plant protein peptides, Common hazelnut (Corylus avellana L.), Ribosomal
proteins, In silico proteolysis.

(074

Glinimuzde biyoaktif peptitlerin tiretimi ve analizi ile ilgili olarak bir¢ok ¢alisma yapilmaktadir.
Bu calismada, in silico yéntemler kullanilarak 3 gastrointestinal (Gi) ve 3 Gi olmayan enzim
muamelesi ile hazirlanmasi muhtemel findik (Corylus avellana L.) peptitlerinin antioksidatif
davranislari degerlendirilmistir. 10 Mart 2017 itibariyle, UniProt veri tabaninda 469 findik
proteini listelenmistir. Bu c¢alismada, s6z konusu proteinlerin bir alt kiimesi (23 ribozomal
protein) incelenmistir ve in silico proteoliz yontemleri ile antioksidatif peptitlerin tretimi icin
gastrointestinal (Gi) proteazlarin (tripsin, pepsin, kimotripsin) etkinligi; termolisin, papain ve
bromelain gibi Gi olmayan proteazlarla karsilastiriimistir. Elde edilen muhtemel antioksidatif
peptit dizilimleri ve bunlarin sayilari her bir proteaz icin belirlenmistir. Bircok durumda, Gi
proteazlarinin antioksidatif peptitlerin tiretiminde Gi olmayan proteazlara oranla daha az etkili
oldugu gosterilmistir. Ozellikle termolisin veya papain kullanimi ile elde edilmesi olasi
peptitlerin antioksidatif 6zelligi Gi proteazlara baskindir. Ornegin séz konusu 23 proteinden
termolisin kullanimi ile 37 antioksidatif peptit olusurken tripsin ile toplam 10 antioksidatif
peptit olusmasi beklenmektedir. 23 protein ve 6 proteaz géz oniine alinarak ylratilen 138
analizin 44 tanesinde (incelenen bitiin durumlarin yaklasik %32’sinde) antioksidatif peptitlerin
olusma olasiligl saptanmistir. Mevcut bulgulara dayanarak, findik proteinlerinin antioksidatif
peptitlerin tiretimi icin degerli bir kaynak olarak kabul edilmesi miimkiin gértiinmektedir.

Anahtar Kelimeler: Bitki proteini peptidleri, Findik (Corylus avellana L.), Ribozomal
proteinler, In silico proteoliz.
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Introduction

Plant proteins represent a sustainable protein
source that is both fit for human consumption
and reduction of global carbon footprint
(Nadathur et al., 2016). Sustainability primarily
depends on the poor conversion rate of plant
proteins to animal proteins. Once 100 g of plant
protein is fed to animals, approximately 15 g
animal protein can be manufactured (Day, 2013).
Since the global demand for proteins are
constantly rising, once again the utilization of
alternative protein sources in the manufacture of
products gain

importance. In our group, one of the research

foods and other commercial
priorities include production and utilization of
plant proteins based on the usage of agricultural
and/or industrial byproducts, particularly from
cold press deoiled plant meals. Once oil is
removed from oilseeds or oil fruits, the protein
concentration in the meals significantly increases,
hence generating relatively inexpensive
byproducts for protein production (Coskun et al.,
2019).

Hazelnut (Corylus avellana L.) is one of the
most important agricultural products in Turkey
(Ozdemir and Akinci 2004) and approximately
80% of the total global harvest is generated.
According to TURKSTAT data, hazelnut harvest in
2017/18 accounted for 675.000 metric tons (TUIK,
2019). Other major hazelnut producers include
other Mediterranean countries and the western
states of the USA. Based on its high oil content,
hazelnut may be considered a high calorie plant
food,

components, many physiological benefits may

whereas due its various valuable

occur upon its consumption (Richardson, 1997). A
variety of bioactivities including protective effects
on cardiovascular system, reduction of
cholesterol, antioxidative effects etc. have been
reported. The majority of these influences have
been attributed to hazelnut oil components
fatty

especially oleic and linoleic acids) (Parcerisa et al.,

(mono- and polyunsaturated acids,

1997), polyphenols, tocopherols and squalene
(Alasalvar et al., 2006, 2009; Dogan et al., 2007)
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as well as phytosterols and phytostanol
(Miraliakbari and Shadidi, 2008), most of which
are oil soluble or dispersible components. The
studies on the bioactivities of water soluble or

dispersible components including proteins is
somewhat limited (Aydemir et al.,, 2014).
Especially since hazelnut kernels contain

significant amounts of proteins (10% to 24%)
depending on the cultivar (Kdksal et al., 2006),
biological importance of hazelnut proteins has to
be further investigated.

In addition to other valuable oils, the extent of
cold press hazelnut oil production is also
increasing. Consequently, increasing extents of
cold press meals are being produced industrially.
The

traditionally

literature on hazelnut proteins has

been focused on allergenic
characteristics of these proteins (Vieths et al.,
1999; Ortolani et al., 2000; Flinterman et al.,
2008). It is noteworthy however that the relative
digestive stability of hazelnut allergens was found
to be lower than that of peanut allergens (Vieths
et al., 1999). A recent study has demonstrated
potential

antihypertensive properties of hazelnut protein

antioxidative, anti-carcinogenic and
isolates as well (Aydemir et al., 2014). However,
literature on hazelnut protein hydrolysates is
largely scarce.

Bioactive peptides are protein hydrolysates
that can demonstrate beneficial physiological
responses in the human body. These sequences
often become active upon in vitro or in vivo
enzymatic hydrolysis (Korhonen and Pihlanto,
2003, 2006), while such activities may not be
revealed in the parent molecules. For example,
generation of antioxidative responses has been
demonstrated in the current literature (Lorenzo
et al.,, 2018). Most of these bioactive molecules
are valuable components with high bioactivity at
relatively low doses, have the capabilities to
interact with specific targets, and demonstrate a
(Agyei
possible to mention

variety of therapeutic effects and
Danquah, 2011). It
therapeutic effects such as anti-carcinogenic,
anti-Hlv,

anti-rheumatic

is

anti-oxidative, anti-microbial,

cholesterol or hypotensive,
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activities among these features (Shahidi and
Zhong, 2008). Bioactive peptides can also form
during the processing or digestion of protein-
containing foods (Korhonen, 2009). In many
cases, various proteases were shown to generate
bioactive peptides in vitro from food proteins
(Gibbs et al., 2004; Korhonen and Pihlanto, 2006).
As a general rule, hydrolysis of proteins can
reduce the content of major protein allergens,
while increasing the solubility of peptides by the
formation of free amino and carboxyl groups
2010). the

bioactive an

(Sarmadi  and Ismail, Upon

peptides,
improvement in both the technical and biological

manufacture  of
properties might take place (Karami and Akbari-
adergani, 2019).

In this study, in silico analysis methods were
used to predict the potential bioactivity of
peptides that could be formed by enzymatic
treatment of ribosomal hazelnut proteins with Gl
or non-Gl proteases. Potential ACE-inhibitory and
DPP-IV inhibitory activities of hazelnut peptides
were recently published in a previous study from
our group (Gllseren, 2018) as well as in vitro
findings on ACE-inhibitory acitivity (Gllseren et
al., 2019). Here, potential antioxidative properties
further
investigated. These studies will collectively enable
added hazelnut
natural

of hazelnut peptides are being
the manufacture of value

components bearing a antioxidant
identity and without inducing any side effects, in
addition to their ACE-inhibitory and DPP-IV
inhibitory potential.

Due to the presence of hundreds of hazelnut
proteins listed in the currently existing protein
databases, a relatively small subset of these
proteins  (ribosomal proteins) has been
investigated in the current work. This specific
subset corresponds to approximately 5% of the
known hazelnut proteins. Although the results do
not represent all hazelnut proteins, these efforts
have contributed to the supply of funds that is
currently supporting our lab group to work on
bioactive hazelnut peptides in detail. Currently in
vitro studies are underway in our labs and the

effect of proteolysis by various proteases on both

347

the generation of bioactive peptides and
reduction of allergenic properties are keenly

investigated.

Material and Methods

Sequences of the ribosomal hazelnut proteins
Sequences of ribosomal hazelnut proteins
were obtained from the UniprotkKB database
(http://www.uniprot.org) on March 10, 2017.
Ribosomal proteins represent 23 (about 5% of all
hazelnut proteins) out of 469 hazelnut proteins
whose sequence was known at that time. Table 1
listed the basic data of these proteins such as the
names of each ribosomal
their

accession numbers, and their total number of

protein, corresponding  database
amino acids. Due to the time and labor intense
nature of the current analyses, this preliminary
study was conducted with a limited subset rather

than all hazelnut proteins.

In silico proteolysis and the analysis of bioactive
sequences

For the in silico proteolysis of ribosomal
hazelnut proteins, “enzyme action” tool
(http://www.uwm.edu.pl/biochemia/index.php/p
|/biopep) of the BIOPEP web-server was utilized
2008). BIOPEP predicts

fragments to be produced from each amino acid

(Minkiewicz et al.,,

sequence, based on the general proteolytic
characteristics of each enzyme. As a result, for
sequences input to the system, BIOPEP calculates
a set of outputs containing the peptides formed
as a consequence of proteolysis (Minkiewicz et
al., 2008). Some of the additional references
explaining the BIOPEP database and certain
research findings based on BIOPEP can be located
elsewhere (Minkiewicz et al., 2011; Iwaniak et al.,
2005; Iwaniak and Dziuba, 2011).

Proteolytic simulations were performed
separately using 6 different proteases for each
protein listed on Table 1. These enzymes were 3
(trypsin,
pepsin) and 3 non-gastrointestinal

gastrointestinal chymotrypsin  and
proteases

(thermolysin, bromelain and papain) (Udenigwe
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et al.,, 2013; Gulseren, 2018). Commercial forms
of all of these proteases are currently available on
the market. For each enzyme, the individual
sequences formed from each protein were
analyzed individually for their potential bioactive
properties using the "profiles of biological
activity" tool (Minkiewicz et al., 2008). The
BIOPEP database also catalogs the previously
identified bioactive peptide sequences. Thus,
peptides formed during the simulations were
compared to the existing peptide data using
sequence-based similarities.

Results and Discussion

The names of the ribosomal hazelnut proteins
examined in this study, the total number of amino
acid number that they contain and the access
the
summarized in Table 1. The amino acid numbers

numbers for protein databases were
in the proteins range from 25 to 286 and the
average number of amino acids in the ribosomal
proteins is calculated as 133.3. In addition, the
amino acid sequences of these proteins were
downloaded from the Uniprot database and

utilized in further analyses.

Table 1. Randomly assigned order numbers, accession numbers for protein databases and number of amino acids in

ribosomal proteins of the common hazelnut

Cizelge 1. Rastgele verilen protein sira numaralari sayilari, protein veri tabanlari igin erisim kodlari ve sé6z konusu ribozomal

findik proteinlerindeki amino asit sayisi

Order Number Name of the protein Total number of amino acids UniProtKB Accession Number
Sira numarasi Proteinin ismi Toplam amino asit sayisi UniProtKB erisim kodu
Ribosomal protein small

1 3 (Fragment) 25 Q9TGBO

2 Ribosomal protein S19 92 AOA1I9RG92
3 Ribosomal protein L23 93 AOA1I9RG90
4 Ribosomal protein S12 124 AOA1I9RG93
5 Ribosomal protein S7 155 AOA1I9RG73
6 Ribosomal protein L32 56 AOA1I9RG76
7 Ribosomal protein S18 101 AOA1I9RG53
8 Ribosomal protein L2 286 AOA1I9RGI1
9 Ribosomal protein S16 65 AOA1I9RG19
10 Ribosomal protein L14 122 AOA1I9RG65
11 Ribosomal protein S4 201 AOA1I9RG35
12 Ribosomal protein L16 136 AOA1I9RG66
13 Ribosomal protein S14 100 AOA1I9RG31
14 Ribosomal protein S3 219 AOA1I9RG67
15 Ribosomal protein S11 138 AOA1I9RG62
16 Ribosomal protein L2 287 AOA1I9RG70
17 Ribosomal protein L33 73 AOA1I9RG52
18 Ribosomal protein S2 241 AOA1I9RG25
19 Ribosomal protein L36 42 AOA1I9RG63
20 Ribosomal protein L22 169 AOA1I9RG68
21 Ribosomal protein S15 90 AOA1I9RG85
22 Ribosomal protein S8 134 AOA1I9RG64
23 Ribosomal protein L20 117 AOA1I9RG54

Based on the BIOPEP data, 23 different
proteins were subjected to in silico proteolysis
one-by-one and a total of 6 different proteases
were utilized in this process (Minkiewicz et al.,

2008). Consequently, a total of 138 different
investigated (23 proteins x 6
These included 3
gastrointestinal (Gl) enzymes (pepsin, trypsin and

cases were

proteases). proteases
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chymotrypsin) as well as 3 non-Gl enzymes
(bromelain, papain and termolysin). Since non-Gl
enzymes have also been demonstrated to be
instrumental in the production of bioactive
peptides (Gobbetti et al., 2002), these 3 enzymes
have also been included in this study. In each and
every case, enzymatic treatments generated
multiple peptides from all proteins studied here
(Table 1).

Peptide sequences with two or more amino
the

performances of free amino acids are well-

acids were recorded. Since bioactive

characterized in the literature, single amino acid
sequences were not taken into account, while
their overall content was also negligible (data not

First of all, using the “profiles of biological
activity” tool on the BIOPEP database (Minkiewicz
et al., 2008), the potential bioactivities of all
peptides were analyzed (Tables 2-3; Figures 1-3).
In total, among the 138 cases investigated, 44
cases were predicted (i.e., 31.9% of all cases) to
generate bioactive peptides with antioxidative
activities. That means, since each proteolytic
event generated multiple peptides, among the
peptides generated in each case, at least one
peptide was of potentially antioxidative nature in
approx. 32% of the cases. Consequently, the
number of antioxidative peptides generated and
the total number of amino acids in these peptides
were determined for all the 138 different cases.

shown). All the two or more amino acid The distribution of these results based on the
containing peptides were further analyzed using  type of protease used was listed on Figure 1 and
in silico tools and their antioxidative the behavior of Gl vs. non-Gl proteases was
characteristics were investigated. compared.
90
B0 . . —
Total number of antioxidative peptides
70 Antioksidatif peptitlerin toplam sayisi
&0 [ ]
50 OTotal number of aming acidsin
antioxidative peptides
40 Antioksidatif peptitierdeki amino
asitlerin toplam sayisi
30
20
. H H ﬂ H
0
Trypsin Chymotry psin Pepsin Bromelzin Papain Thermaolysin
Trigsin Kimotripsin Pepsin Bromelain Papain Termolisin

Figure 1. Distribution of antioxidative peptides resulting from in silico proteolysis of 23 different ribosomal hazelnut proteins
and their total number of amino acids by proteolytic enzymes

Sekil 1. 23 farkli ribosomal findik proteininin in silico proteolizinden ortaya ¢ikan antioksidatif peptitlerin ve bu peptitlerin
icerdigi amino asit sayilarinin proteolitik enzimlere bagli degisimi

Gl proteases were found to generate a lesser
extent of antioxidative peptides compared to the
For the 3 Gl
10 antioxidative peptides (i.e., in

non-Gl proteases (Figure 1).

<

proteases,
total for 23 different cases) were generated. The
total number of amino acids in these peptides
were < 21. Non-Gl proteases, especially papain
and termolysin, generated a larger extent of
antioxidative peptides compared to Gl proteases.

349

While 31 antioxidative peptides were located in
papain hydrolyzates, thermolysin hydrolyzates
which

contained a total of 63 and 79 amino acids,

contained 37 antioxidative peptides,
respectively. Thus, the average number of amino
acids per peptide was calculated as 2.13 and 2.03,
respectively. Since the average number of amino
acids were approximately equal to 2, dipeptides
were dominant in most cases. Figure 2 detailed



Glilseren, 2019. Harran Tarim ve Gida Bilimleri Dergisi, 23(3): 345-353

the case where the highest concentration of treatments. In all cases only FKK, IKK, IRW, LHR,
antioxidative peptides formed. When protein 23 LLR and RHN antioxidative tripeptides were
was treated with thermolysin, five different formed and only IKK was observed more than
antioxidative peptides, each of which was a once among these peptides. IKK, for example, can
dipeptide, were generated. Therefore, there was be identified as an antioxidative peptide from
a potential to generate a 10 amino acid sequence prawn muscle (Penaeus japonicus)based on
from this 117 amino acid protein that potentially BIOPEP data, which can also be encountered in
performed antioxidative effect. This identification hazelnut protein hydrolyzates. Tables 2 and 3 also
was based on comparison to the literature data show the most frequently occurring antioxidative
listed on the BIOPEP database. BIOPEP generally peptides in all cases. The most commonly
identifies certain peptides in the presence of  encountered antioxidative peptide was the IR
previous literature data and it is possible to dipeptide (Table 2). The distribution of such
analyze any known sequence using BIOPEP tools. peptides to the 6 proteases was shown on Table
Antioxidative peptides that occur in some other 3. It is understood that some antioxidative
proteins also included tripeptides, but none of the peptides, especially IR, could be formed by more
138 cases examined had antioxidative sequences than one protease.

longer than 3 amino acids after proteolytic

1 MTRIKRGYIA RRRRTKIRLF ASSFRGAHSR LTRTITQQKI RALFSAYRDR
51 GRQKRDFRRL WITRINAVIR GKGIYYNYNR LIHNLYKRQL LLNRKILAQI
101 AILNRNCLYM ISNEILK

Figure 2. Antioxidative peptide sequences (shown in bold) released from ribosomal protein No.23 by the thermolysin
treatment. Note that in this specific case (protein No. 23 and thermolysin), all the antioxidative sequences in the
hydrolysate were dipeptides

Sekil 2. Termolizin muamelesi ile 23 numarali ribozomal proteinden ortaya ¢ikan antioksidatif peptit sekanslari (kalin olarak
glsterilmistir). Bu 6zel durumda (protein No. 23 ve thermolizin muamelesi), hidrolizattaki tiim antioksidatif dizileri
dipeptit yapidadir

Table 2. The sequences and total number of occurrence for the most frequently formed 5 antioxidative peptides in this study
Cizelge 2. Bu ¢alismada en sik olusan 5 antioksidatif peptit icin amino asit sekanslari ve bu peptitlerin ¢alisma boyunca ortaya

¢ctkma sikhigi
Peptit sequence Total number of occurrence
Peptit sekansi Toplam olusma sikhigi
IR 34
Iy 10
LK 14
EL 9
LY 8

Table 3. Sequences of antioxidative peptides predicted to occur multiple times in this study in all cases and the distribution of
these peptides based on their corresponding proteases. The symbol X indicates the number of times the
corresponding peptide has been formed

Cizelge 3. Bu ¢alismada birden ¢ok kez ortaya ¢ikacadi éngériilen antioksidatif peptitlerin sekanslari ve bu peptidlerin
proteazlara gére dagilimi. X sembolii, s6z konusu peptitin ortaya ¢ikma sayisini gésterir

Trypsin Chymotrypsin Pepsin Bromelain Thermolysin Papain
Tripsin Kimotripsin Pepsin Bromelain Termolizin Papain
8X'IR 4X EL 4X EL 3X LK 2X AH 15X IR
3X1Y 3X IKK 3X 1Y
11X IR 2X LH
3X1Y 3X LK
7X LK 5X LY
2X LW
3X LY
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Finally, the distribution of the total number of
amino acids contained by the antioxidative
peptides resulting from the treatment of 23
proteins with different proteases is presented on
Figure 3. The relatively low levels of antioxidative
amino acids generated by trypsin

(Figure 3A) were elevated in papain treatments
(Figure 3B) and reached their highest value in
(Figure 3C). It
understood, however, that the behavior of each

thermolysin  treatments is
protein was specific and that the relationship
between these 3 proteases does not follow a

certain trend between different proteins.
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Figure 3. Distribution of the total number of amino acids in antioxidative peptides resulting from in silico proteolysis of 23
different ribosomal hazelnut proteins based on (A) trypsin, (B) papain, and (C) thermolysin treatments

Sekil 3. (A) Tripsin, (B) papain ve (C) termolizin muamelelerine bagh olarak 23 farkli ribozomal findik proteininin in silico
proteolizinden kaynaklanan antioksidatif peptitlerde toplam amino asit sayisinin proteinlere dagilimi
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Conclusion

In this study, the potential bioactivity of
peptides generated by hydrolysis of ribosomal
hazelnut proteins was investigated. Generally,
non-Gl proteases (especially thermolysin and
papain) were found to be more effective than Gl
proteases in the generation of antioxidative
sequences.

Based on our group's previous (Gllseren, 2018;
Gulseren et al., 2019) and present findings,
have shown
and DPP-|V-
inhibitory activity and antioxidative effects. In this

hazelnut protein hydrolysates

potential to demonstrate ACE-

context, hazelnut proteins and deoiled hazelnut
meals may be considered as sources suitable for
producing bioactive peptides. In our laboratories,
work on in vitro proteolysis of hazelnut proteins is
currently being carried out on the bioactivity and
allergenic properties of all hazelnut proteins.
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6z

Vurgulu elektrik alan (VEA) teknolojisi, gidalarin mikrobiyolojik kalitesinin iyilestiriimesini
amaglayan, beslenme yoninden o6zelliklerini koruyan ayni zamanda gidalarin fonksiyonel
ozelliklerinin gelistiriimesine katki sagladigi bilinen bir tekniktir. Klasik isil islem uygulamalarina
kiyasla dusuk sicakliklarda kisa stireli olarak gidaya gonderilen elektrik alan sinyalleri ile bakteri
sporlari haricinde neredeyse tiim patojenler ve gidalarda bozulma etmeni olan bakteriler
inaktif hale getirilmektedir. VEA teknolojisi ile mikroorganizma inaktivasyon mekanizma
Uzerine, elektrik alan etkisiyle hiicrelerde membran gecirgenliginin artmasi, elektroporasyon
sonucunda membranin gozenekli hale gelmesi ve yine ayni etkiyle oksidasyon ve rediksiyon
reaksiyonlarinin  meydana gelmesi gibi mevcut goérisler bulunmaktadir. Yenilikgi
teknolojilerden birisi olarak yontemin giivenilirligi, ydontemin mikroorganizmalar tzerindeki
basarisi ile birlikte toksikolojik ve alerjik etkileri yoniinden desteklenerek, yasal otoriteler
tarafindan onaylandiktan sonra daha net olarak ortaya konulacaktir. Yontemin ticari olarak
uygulanabilirliginin Ulkelere goére degisiklik gostermeyen, global bir yasal dizenleme
yapildiktan sonra miimkin olacagi distinilmektedir.

Anahtar Kelimeler: Vurgulu elektrik alan, Mikrobiyel inaktivasyon mekanizmasi, Uygulama
alanlari, Yasal diizenlemeler

ABSTRACT

The goal of Pulsed Electric Field (PEF) technology is to enhance microbiological properties of
foods by protecting nutritional quality and also known as a technique contributing some
functional properties of foods. Electric field signals applied at low temperatures for a short
period of time results in inactivation of all pathogens and food deteriorating bacteria except
bacterial spores. Improvement in cell permeability, electroporation in cell membrane and
oxidation and reduction reactions occurring as a result of electric field are some theories
about the microbial inactivation mechanism. As a novel technique the reliability of pulsed
electric field, succeed in microbial inactivation, will be proved well when toxicological and
allergenic effects are examined and confirmed positively and after legal authorities’ approval.
The technique’s industrial application will be possible when global legal aspects are performed
without variations according to countries.

Key Words: Pulsed electric field, Microbial inactivation mechanism, Application areas, Legal

pon  Sommertial issues
Giris gerceklestiriimektedir. Ancak, bu uygulamalarin
protein  denatlirasyonu, enzimatik olmayan
Gidalarin - mikrobivel agidan givenli hale  ogerlesme reaksiyonu, vitaminler ve ucucu
getirilmesi, ticari olarak pastorizasyon ve bilesenlerin  kaybi  gibi  istenmeyen  bazi
sterilizasyon islemleri yardimiyla

degisimlere yol acabildigi bilinmektedir (Corbo ve
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ark., 2009; Cullen ve ark., 2012, Buniowska ve
ark., 2017; Gabri¢ ve ark., 2018). Bu nedenle,
gidalarin  besleyici, fonksiyonel ve duyusal
Ozelliklerinde fazla bir degisim yaratmaksizin
mikrobiyel kalitesi ve guvenilirligini artiran yeni
tekniklere karsi dinya genelinde artan bir ilgi
duyulmaktadir (Wan ve ark., 2009). “Isil olmayan”
ya da “isil isleme alternatif” yontemler olarak

adlandirilan bu tekniklerin 1sil uygulamalara goére

Usttnlikleri, bozulma etmeni olan
mikroorganizmalarin ve enzimlerin
inaktivasyonunun genellikle dustk sicaklikta

gerceklestirilmesi ile gidalarin biyolojik ve duyusal
Ozelliklerinin  optimum diizeyde korunmasinin
saglanmasidir (Vega-Mercado ve ark., 1997; Wan
ve ark., 2009).

Yiksek hidrostatik basing,
ultrasonik ses dalgasi, vurgulu ultraviyole isik,

yuksek glcli

vurgulu elektrik alan ve dustk sicaklikta plazma

uygulamalari  1sil  isleme alternatif olarak
gelistirilen yeni teknikler arasindadir (Wan ve
ark., 2009; Anonim, 2011b; Impe ve ark., 2018).
Bu tekniklerden wvurgulu elektrik alan (VEA)
teknolojisi, sivi ya da pompalanabilir 6zellikteki
gidalara uygulanabilen gelecek vaat eden bir
VEA

yogunluklu elektrik alan sinyalleri kullanilarak, oda

teknolojidir. uygulamasinda yuksek
sicakhiginin altinda ya da oda sicakhgina yakin bir
sicaklikta ¢ok kisa stirede mikrobiyel ve enzimatik
inaktivasyon gergeklestiriimektedir (Wan ve ark.,
2009; Anonim, 2011b).

Gidalarda elektrik akimi uygulamasina 1920’'li
yillarda baslanmis, 1960l yillarda simile gida
sistemlerinde degisik mikroorganizmalarin yok
edilmesi amaciyla yararlanilmistir. 1980 ve 90'li
yillarda, VEA teknolojisinin, meyve suyu, corba,
cirpilmis yumurta ve yagsiz sit gibi cesitli sivi
gidalarin ve iceceklerin (retiminde basarili bir
sekilde kullanilabilecegi gorialmistir (Vega-
Mercado ve ark., 1997). Bu derlemede, VEA
teknolojisinin prensibi, sistem donanimlari, VEA
teknigi ile mikrobiyel inaktivasyon mekanizmasi ve
VEA

konularinda bilgi

inaktivasyonu etkileyen faktorler ile

uygulamasinin yasal yonleri

verilmeye calisilacaktir.
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VEA Teknolojisi

Prensibi ve sistem pargalari

VEA teknigi,
gidanin yapisinda bulunan ve belirli dizeyde
elektrik
tarafindan,

elektrik alan uygulamasiyla,

iletimini saglayan c¢ok sayidaki
elektrik
iletilmesi
2011a).
yogunluguna bagh olarak kritik esik degerinin

iyon

akiminin, gidanin  her

noktasina esasina dayanmaktadir

(Anonim, Boylece, elektriksel alanin
Uzerinde, bakteri hiicre zarinda lokal olarak, geri

donidsimli ya da geri donitsimsiz yapisal
degisimler meydana gelmektedir. Elektriksel alan
etkisiyle hiicre zarinin gegirgenliginde meydana

gelen degisim Sekil 1’de gosterilmistir.

Hiicre zan

= Bakteri
E<E kritik hiicresi
E< Ecritical r
o G&ri
E > E kritik *’—gjnu.j@
eversibte
E> Ecritical M
_—
- cert /' )
eri
E == Eyritik dontsumsiiz)
Irreversible
E >> E itical / ___’§£Q‘
Sekil 1. Elektriksel alan etkisiyle hicre zarinin

gecirgenligindeki degisim (Toepfl ve ark., 2005). (E:
elektrik alan siddeti)

Figure 1. Change in cell permeability by electric field (Toepfl
ve ark., 2005). (E: electric field strength)

Bir VEA (initesi, islem haznesi, yiksek voltaj
sinyal (sinyal) jeneratori, sivi tasima sistemi ile
kontrol ve gorintileme
(Toepfl
iki elektrot arasina yerlestirilen
genellikle oda sicakhginda, 1-100 ps
10-80 kv cm™
arasinda degisen sinyaller gonderilmektedir
(Schilling ve ark., 2007; Corbo ve ark., 2009;

Anonim, 2011a., Gabri¢ ve ark., 2018). VEA

araclarindan

olusmaktadir ve ark., 2005). Iislem

haznesinde,
gidaya,

sureyle, elektrik alan siddeti
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uygulamasinda desarj siiresinin mikrosaniye veya
nanosaniye kadar kisa olmasi nedeniyle, gidalar
en az dizeyde isinin etkisine maruz kalmaktadir
(Corbo ve ark., 2009).
gergeklestiriimesi sistemin enerji tiketimini de
azaltmaktadir (Vega-Mercado ve ark., 1997; Wan
ve ark., 2009).

islemin dusiik sicaklikta

VEA
inaktivasyonu

Teknigi ile Mikroorganizmalarin

Inaktivasyon mekanizmasi

Mikroorganizmalar hiicre yapilarinda ya da
fizyolojik 0©zelliklerinde degisime neden olan
kaldiklarinda inaktif
zincirinin  kirllmasi,

islemlere  maruz hale
DNA

zarinin pargalanmasi ya da hicre zarfinin mekanik

gelmektedir. hicre

olarak hasar gormesi mikroorganizmalarda
meydana gelen yapisal bozulmalara 6rnek olarak
verilebilir. Onemli enzimlerin inaktif hale gelmesi
ya da membran segciciliginin degismesi ise hiicre
fonksiyonlarinda degisim yaratan durumlardir. Isil
islem uygulamalari, her iki mekanizma (zerinde
etkili olmakta ve dolayisi ile hiicre 6limiine neden
olmaktadir (Lado ve Yousef, 2002).

VEA

inaktivasyon mekanizmasi

teknigi ile mikroorganizmalarin
heniz tam olarak
aydinlanmamis olmakla birlikte, yliksek voltajli
elektrik alan etkisine maruz kalan hicrelerde
membran gegirgenliginin arttigl ve membranin
yapisal ve fonksiyonel oOzelliklerinde meydana

gelen degisimin hicre o6limine neden oldugu

ifade edilmektedir (Lado ve Yousef, 2002; Picart
2002). Ayrica VEA
oksidasyon

ve ark., isleminin, hiicre

icerisinde ve reduksiyon

reaksiyonlarini tesvik ettigi de belirtilmektedir
(Vega-Mercado ve ark., 1997). Ayrica bu konuda

one slrilen diger bir gorlise gore; hicre

membraninin  disinda zit  yuakla  bilesiklerin

bir basing
membranin

birikmesinin  membran zerinde

yarattigi ve basincin etkisiyle

kalhinliginin  azaldigi, membranda godzenekler

olusmasina bagh olarak da hiicre disinda biriken
gecis
potansiyelini gegici olarak artirdigi yonindedir
(Lado ve Yousef, 2002; Aronsson ve ark., 2005).
VEA islemi etkisiyle membran gecirgenliginde artis

maddelerin membranlar arasindaki

meydana geldigini, hicrelerde floresan 6zellik
gosteren propidium iyot (Pl) boyasinin hiicre igine
alimindaki artis ile belirlemislerdir. Diger bir goris
ise; VEA etkisiyle hiicre membranin da meydana
gelen elektroporasyondur. Bu goriise gore; hedef
hiicrelere kritik trans-membran esik degeri olan 1
V'dan daha elektrik siddeti

uygulanmasiyla, hiicre zarinda geri donisimsiz

yuksek alan
gozenekler olusmakta ve yari-gecirgen ozellikteki
hiicre zari zarar gérmektedir (Wan ve ark., 2009).
Protein kanallarinda ve lipit bolgelerinde olusan
elektroporasyon, hiicrenin ozmotik olarak sismesi
ve membranin zayiflayip patlamasiyla
sonuclanmaktadir (Vega-Mercado ve ark., 1997;
Lado ve Yousef, 2002). Elektroporasyona bagli
olarak hiicrenin inaktivasyon mekanizmasi Sekil

2’de gosterilmistir.

Gizenek olusumunun baslamas:
Pore initiation
Su gecisi
¢ Elektriksel alan Wa;gerclanUX\
E/eCt”Cf’e/d Hiicre bozulmasi
e Membrane rupture
. CI0PY ”
e s e ' .
R "
.
Su _z . * @ O
Water s 8 8 ' Inaktif hnle gelen hiicre
Inactive cell
re— Sisme L Hiicre y1him) s——
Swelling Cell lysis

Sekil 2. Elektroporasyona bagl hiicre inaktivasyonu (Vega-Mercado ve ark., 1997)
Figure 2. Cell inactivation by electroporation (Vega-Mercado ve ark., 1997)

Ayrica meyve sularinda oldukga distk elektrik
siddeti VEA
uygulandiginda, hiicrelerinde

alan kullanilarak islemi

maya oldirici
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etkinin saglandigi ve islem sonrasinda hiicrelerde
bir
belirlenmistir.

patlamanin meydana gelmedigi
Bu

herhangi

durum oldirict  etkinin
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elektroporasyon olarak tanimlanan, VEA islemi
esnasinda materyale uygulanan sinyallerin hiicre
zarinda kuguk gozeneklerin olugsmasina neden
olarak kiguk hticre bilesenlerinin disariya nifuz
etmesiyle saglandigini ortaya koyan bir sonugtur
(Grahl ve Markl, 1996).

Inaktivasyon iizerinde etkili faktérler
Mikroorganizmalara iliskin faktérler
tipi,
inaktivasyon

Mikroorganizmanin gelisme  evresi,

blaylikligt ve  sekli Uzerinde
belirleyici faktorlerdir (Wouters ve ark., 2001;
Goéngora-Nieto ve ark., 2002; Li ve Farid, 2016).
Oda
derecelerinin altinda uygulanan birkag
mikrosaniyelik elektrik alan siddetinin (20-50 kV

cm™) neredeyse tim patojenler ve gidalarda

sicakhginda veya  oldariict  sicakhk

bozulma etmeni olan bakteriler (zerinde
inaktivasyon etkisi yarattig belirtilmistir (Sharma
ve ark., 2014; Impe ve ark., 2018). VEA etkisiyle
olasi membran hasarinin tipi, boyutu ve hiicre
olimu ile olan iliskisinin hedef mikroorganizmanin
tirine ve ortamin pH degerine bagh oldugu
aciklanmistir (Garcia ve ark., 2005; Wan ve ark.,
2009).

VEA
hiicrelerinin bakteri hicrelerinden, gram-negatif
bakteri
hiicrelerinden daha duyarl oldugu (Toepfl ve ark.,
2005; Wan ve ark., 2009), bakteri sporlarinin

inaktivasyonunda VEA isleminin yetersiz kaldig

islemine karsi, genel olarak, maya

hiicrelerinin de gram-pozitif bakteri

cesitli arastirmacilar tarafindan belirtilmektedir
(Géngora-Nieto ve ark., 2002; Lado ve Yousef,
2002; Toepfl ve ark., 2005; Wan ve ark., 2009;
Timmermans ve ark., 2014; Impe ve ark., 2018).
Benzer sekilde Grahl ve Markl (1996) tarafindan
VEA elektrik
sinyallerinin endosporlar ve askosporlar dahil tim

isleminde  gonderilen alan

mikrobiyel sporlarin inaktivasyonu icin yeterli

olmadigi belirtilmistir. Genel olarak, fungal

askosporlarin vejetatif formlarina gore biraz daha

dayanikli olduklari ve bakteri sporlari igin
belirtilen direnclilik durumunun fungal
askosporlar icin  pek telaffuz edilmedigi

soylenebilmektedir (Impe ve ark., 2018). Ancak

bazi kaynaklarda vejetatif hicrelerin de VEA
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islemine karsi direng gosterebildigi bildirilmistir.
Staphylococcus aureus, E. coli ve Salmonella

Typhimurium  bakterilerinin  devamli  olarak
uygulanan VEA islemini tolere edebildikleri (Zhao
ve ark., 2013) ve bazi mikroorganizmalarin klasik
VEA

saglanamadig belirtilmektedir.

islemiyle  tamamen inaktivasyonunun

Dolayisiyla VEA

islemine en dayanikh bakteri oldugu bilinen
Listeria  monocytogenes’in  inaktivasyonunun
saglanmasi VEA isleminin etkinligi agisindan

onemli oldugu duslintilmektedir (Saldana ve ark.,
20009).

Gram-negatif bakterilerin VEA uygulamasina
daha
olmalarinin, peptidoglikan tabakasinda bulunan

gram-pozitif bakterilerden duyarli
taykoik asitten ileri geldigi (Lado ve Yousef, 2002),
hiicre capinin VEA islemiyle inaktivasyonda etkili
bir faktor oldugu bildirilmistir. Daha buylk caph
maya hicrelerinin daha kiglk caph tipik bakteri
hiicrelerine gore daha distuk elektrik alan
siddetinde inaktif hale geldigi belirlenmistir (Grahl
ve Markl, 1996).
Mikrobiyel
etkileyen diger bir faktor,

hizi
mikroorganizmanin

inaktivasyon ve dizeyini

fizyolojik durumudur. Gelisimlerinin logaritmik
VEA
uygulamasina dayanimlarinin  yiksek olmadig

evresinde  olan  mikroorganizmalarin
belirtilmistir (Gongora-Nieto ve ark., 2002; Picart

ve ark., 2002).

Islem parametreleri

VEA ile mikrobiyel inaktivasyonda elektrik alan
siddeti, sinyal genisligi, sinyal sekli, sinyal sayisi
(Wouters ve ark., 2001) ve islem sicakhiginin
(MacGregor ve ark., 2000) en oOnemli islem
parametreleri oldugu belirtilmistir (Impe ve ark.,

2018).

Elektrik alan siddeti

VEA islemi sirasinda 5-50 kV cm™ araliginda
siddeti
membranlarinda

yiksek elektrik alan uygulandiginda

mikrobiyel hiicre geri

donilsimsiiz hiicre Olimu saglandig

(Timmermans ve ark., 2014) ancak elektrik alan
siddeti 15 kV cm™ ve tzerinde iken mikrobiyel
tamamen yol

membranlarin parcalanmasina
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acmadigini  belirtilmistir (Gonzalez ve Barrett,
2010). Hiicre membranlari arasindaki potansiyelin
kritik  elektrik siddetini  (E()
arttirmaktadir. Elektrik siddetinin

membranlar arasindaki kritik potansiyelden daha

artmasi alan

alan
yuksek olmasi durumunda mikrobiyel
inaktivasyon duizeyi de artmaktadir. Kritik elektrik
alan siddetinden daha disiik degerlerde ise
mikrobiyel inaktivasyon gerceklesmemektedir. E.
Uzerinde ise sinyal genisligi ve hiicre boyutu etkili
olmakta, blylk hiicrelerde membranlar arasi
potansiyelin daha fazla oldugu belirtilmektedir
(Anonim, 2011b).

azalmasi

Sinyal genigligi arttikga Enin
daha
saglandigl ve E; degerinin, 50 ps’den yiksek sinyal

sonucu yuksek inaktivasyon
genisliginde, 4.9 kV cm? dolayinda, 2 us’den daha
dustk sinyal genisliginde ise 40 kV cm? civarinda

oldugu bildiriimektedir (Wan ve ark., 2009).

Islem siiresi ve sinyal geometrisi

islem siiresi, sinyal sayisinin sinyal genisligi ile
carpimina esittir. Bu degiskenlerden herhangi
birindeki artis da
artirmaktadir. Sinyal genisligi, kritik elektrik alan
siddetini
rediksiyonu

mikrobiyel inaktivasyonu

etkilemek  suretiyle, mikrobiyel
Fakat
genisligindeki artis, Urlinde istenmeyen sicaklik

etkilemektedir. sinyal
artisina neden olabildiginden, islem kosullarinin
en yliksek inaktivasyon hizinda en az sicaklik artigi
olacak sekilde optimize edilmesi gerektigi de
vurgulanmaktadir. Sinyal sekli ile polarite,
mikrobiyel inaktivasyon Uzerinde etkili diger
faktorlerdir (Wan ve ark., 2009). Elektrik alan
sinyalleri Ussel olarak azalan, kare-dalga, bipolar
ya da

uygulanabilmektedir. Salinimh sinyaller mikrobiyel

salinimli sinyaller seklinde
inaktivasyonda en az etkili olan sinyal formudur.
Uygulama sirasinda toplam sinyal siiresi boyunca,
surekli ve sabit yogunlukta génderilen kare-dalga
sinyallerin, enerji tliketimi ve oldirici etki
acisindan daha iyi sonug¢ vermesi nedeniyle, Ussel
olarak azalan sinyal formundan daha Ustiin
oldugu dusltintilmektedir (Wan ve ark., 2009;
Anonim, 2011b). Ayrica mikrobiyel inaktivasyonda
bipolar (cift kutuplu) sinyallerin genel olarak

monopolar (tek kutuplu) sinyallerden daha etkili
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oldugu da vurgulanmaktadir (Wan ve ark., 2009).

Islem sicaklig

islem sicakhgi ile mikroorganizma

bir iligki
bulunmaktadir. Sabit elektrik alan siddetinde,

inaktivasyonu arasinda sinerjistik

sicakhk arttik¢a mikrobiyel inaktivasyon

artmaktadir. Bunun nedenleri, ylksek sicaklik

derecelerinde hiicre zarinin akiskanligl ve
gecirgenliginde gozlenen degisime bagh olarak
hiicrenin mekanik etkilere karsi daha duyarli hale
(Anonim, 2011b)

fosfolipidlerin

gelmesi ile hilcre zarinda

bulunan akiciligindaki  artigin,
membranda daha fazla gozenek olusumuna
2009).

arttikca

neden olmasidir (Wan ve ark., Ayni
giris VEA
uygulamasi icin daha az enerjinin gerektigi ve
da belirtiimektedir

zamanda, Urin sicakhgi
VEA'nin etkinliginin arttig

(Siemer ve ark., 2014a).

Ortam kosullari

Uriiniin elektrik iletkenligi
“Ortamin elektrik iletkenligi” (o, Siemens

Juzunluk, S/m), elektrik akimini iletme yetenegi

Elektrik

ylksek olan gidalar islem haznesi igerisinde daha

olarak tanimlanmaktadir. iletkenligi
kiicik elektrik alan pikleri olusmasina neden
oldugu icin VEA isleminin etkinligi azalmaktadir
(Anonim, 2011b; Siemer ve ark., 2014a). islem
ortaminin elektrik iletkenligi, VEA uygulamasi
sirasinda, hedef mikroorganizma membraninda
olusan potansiyeli etkilemektedir (Sepulveda ve
ark., 2006; Noci ve ark., 2009). Ayni

kosullarinda duiisiik iletkenlige sahip sivi gidalarda

islem

yiksek dizeyde inaktivasyon saglanmaktadir

(Noci ve ark., 2009).

Ortamin iyonik glicii
islemin gerceklestirildigi ortamda mevcut olan

iyonlar VEA isleminin basarisini etkilemekte,
mikroorganizmalarin ~ VEA isleminden zarar
gdérmesini  engelleyebilmektedir. iki degerli

katyonlarin (Mg*?, Ca*?) tek degerli katyonlar (K",
Na’) ile eslesmesinde membrani koruyucu bir
etkinin ortaya ciktig, dolayisiyla VEA isleminin
oldurici etkisinin azaldigi belirtilmektedir (Sun,
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2005). bir
tamponda iki degerli katyonlarin (Ca*? ve Mg
VEA
direncini artirdigi gozlenmistir (Wan ve ark.,
20009).

Yapilan calismada, uygulanan

+2)

bulunmasinin  E.coli’nin uygulamasina

pH degeri

pH'nin etkisi, hedef mikroorganizmaya gore
degisiklik gostermektedir (Wan ve ark., 2009;
Siemer ve ark., 2014a). Duslik pH degerlerinde
E.coli, S.cerevisiae, Lactobacillus plantarum ve
L.innocua VEA wuygulamasina karsi daha fazla
(Wan ve ark., 2009;
Anonim, 2011b). Gram-negatif bakterilerin asidik

duyarhlik géstermektedir

ortamlarda VEA’ya karsi daha direncli olduklari ve
gram-pozitif bakterilerin ise notral ortamlarda

VEA’yva karsi daha fazla direnc gosterdikleri

belirtilmistir. Bununla birlikte, ayni
mikroorganizmalarin farkli suslarinin ayni pH’da
VEA'ya karsi direncinin de farkli oldugu
gozlenmistir. Mikroorganizmalarin

inaktivasyonunda, VEA uygulamasinin ve iyonik
gliclin elektroporasyon ile hiicre bliziilmesinden
sorumlu

oldugu, elektroporasyonun

tamamlanmasindan sonra ortam  pH’sinin
sitoplazmayi etkiledigi saptanmistir (Siemer ve

ark., 2014a).

Uriin bilesimi

Yag ve protein gibi gida bilesenlerinin,
mikroorganizmalarin inaktivasyonunda, koruyucu
rol oynadiklari distnidlmektedir (Wan ve ark.,
2009). Ortamdaki yag icerigi arttikca bakterilerin
gonderilen elektrik alan sinyallerinden daha az
etkilendikleri Nitekim farkh vyag

oranlarina sahip sutlerle yiritilen bir calismada,

bildirilmistir.

sitlin yag oranindaki artisla birlikte VEA etkisiyle
E.col’nin  inaktivasyon  dlzeyinin  azaldig
saptanmistir (Grahl ve Markl, 1996). Ancak, 10’
kob mL™ dizeyinde Listeria monocytogenes Scott
A susu inokiile edilen ve 30 kv cm™ ’lik elektrik
alan siddeti uygulanan tam vyagh, %2 vyagh ve
bir
inaktivasyon dizeyi bakimindan sitler arasinda

yagsiz  sltlerle  ylrutilen calismada,

onemli bir farklihk bulunmadigi
(Wan ve ark., 2009).

belirlenmistir
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VEA uygulamasinin gida bilesenleri izerindeki
etkisi
olduklari bilinen proteinlerin ve vitaminlerin belirli

incelendiginde ise; siya karsi duyarli
bir elektrik alan siddetine kadar VEA islemine karsi
dayanim gosterdigi bilinmektedir. Sitte bulunan
lipaz enzimi ve vitamin C igin yiksek elektrik alan
siddetlerinde belirli bir diizeyde kayip meydana
geldigi bildirilmistir. Alkali fosfataz, peroksidaz,
vitamin A ve serum proteinleri lzerinde ise VEA
islemi blylk boyutta bir degisim yaratmamistir
Sut ve portakal sularinda VEA isleminin duyusal
ozellikler bakimindan bozulmaya iliskin herhangi
bir Bu

sonuclar muamele

olumsuzluk yaratmadig belirtilmistir.

klasik pastorizasyon ile
edilmesi gli¢ olan, istya duyarh gida bilesenleri
bulunan ortamlarda mikrobiyel bakteri yikin(n
azaltilmasinda VEA isleminin uygun olabilecegini

gostermektedir (Grahl ve Markl, 1996).

Engeller teknolojisi
Geleneksel koruma vyontemleri ile vyenilikgi
teknolojilerin birlikte  kullanimi “engeller

teknolojisi” olarak bilinmektedir (Cullen ve ark.,
2012). Genel olarak, pH, sicakhk, diger fiziksel
metotlar (Wang ve ark., 2018) ile antimikrobiyel
bilesenlerin kullanimi (Nyugen ve Mittal, 2007;
Pina-Perez ve ark., 2007; Wang ve ark., 2018) ve

iyonik kuvvet gibi faktorlerin birlikte
kullanilmasinin VEA ile mikroorganizma
inaktivasyonunun etkinligini arttirdig

bilinmektedir (Devlieghere ve ark., 2004; Nyugen
ve Mittal, 2007; Pina-Perez ve ark., 2007; Anonim,
2011b; Wang ve ark., 2018). Bunun nedeni olarak
ise strese maruz kalmis hicrelerin VEA islemine
karsi daha duyarli hale gelmeleri gésterilmektedir.
Ornegin, VEA uygulamasinda Lactococcus lactis
subsp lactis tarafindan Uretilen bir bakteriyosin
olan nisin ve hayvansal kaynakh bir enzim olan
lisozimin karisim halinde kullaniminin etkisinin,
nisin ve lisozimin yalniz kullaniminda goézlenen
etkiden daha ylksek oldugu saptanmistir (Sun,
2005).

VEA Teknolojisinin Uygulama Alanlari

Cesitli meyve sulari, meyve nektarlari, sit ve

yogurt gibi Urilnlerin duyusal ve besleyici
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niteliklerinde degisim yaratmaksizin
mikrobiyolojik agidan glivenli hale getirilmesinde
VEA isleminin 1sil isleme alternatif bir yaklasim
oldugu duslintilmektedir (Corbo ve ark., 2009).
VEA
mikrobiyel inaktivasyon etkisi incelenmistir (Raso
ve ark., 1998; Timmermans ve ark., 2014). VEA

seftali

uygulamasinin  birgok meyve suyunda

uygulamasinin vigne, kayisi ve
nektarlarinda, Penicillium expansum (zerinde
glcli  bir etki vyarattigi belirlenmistir (Elez

Martinez ve ark., 2005; Evrendilek ve ark., 2008).

Ayrica VEA uygulamasi ile islenen gidalarda
Maillard reaksiyonunun kontrol altinda
tutulabildigi (Wang ve ark., 2013) gidalarin

koagulasyon, kopik olusturma ve emdiilsifikasyon
ozelliklerinde meydana gelen degisiklikler ile yeni
ariin gelistirme potansiyeli saglayan bir teknoloji
oldugu bildirilmistir (Cullen ve ark., 2012).

VEA tekniginin st ve st drlnleri Uzerine
etkileri incelendiginde, elektrik alan siddeti ve
sinyal sayisinin islemin basarisini belirledigi, sttiin
orijinal bilesimini, duyusal ve besleyici 6zelliklerini
koruyan bir teknik olmasi nedeniyle siit endistrisi
alaninda c¢alismalar konu olmus bir uygulama
oldugu belirtilmistir (Anli ve Gursel Kiral, 2013).
Satin VEA teknigi ile islenmesi sirasinda, serum
proteinlerinde meydana gelen denatirasyon
diizeyinin diisiik olmasi immiuinolojik acidan yararl
gorilmektedir. Ancak, VEA isleminin, uygulanan
doza bagh olarak, siitlin viskozitesi ve proteinlerin
koagtilasyon 6zellikleri Gizerinde degisim yarattig
konusunda spekilasyonlar mevcuttur (Onwulata,
2008). Diger taraftan, VEA tekniginin olumsuz
yonleri arasinda bazi enzimlerin bu uygulamaya
diren¢ gostermesi (Sun, 2005), bazi durumlarda
enzimin baslangictaki aktivitesinde artis meydana
gelmesi (Bendicho ve ark., 2002) ve enzim
inaktivasyon dilzeyinin artirilmasinda mikrobiyel
inaktivasyon icin gereken enerjiden daha yliksek
enerjiye ihtiyac duyulmasi sayilabilir (Calderon-
Miranda ve ark., 1999; Bendicho ve ark., 2002;
Onwulata, 2008).

Bununla birlikte, balik, et ya da diger kati gida
maddelerinde mikrostriiktirel olarak istenmeyen
etkiler gostermesi ve bakteri gelisimini etkin
nedeniyle, dusuk

sekilde engelleyememesi

siddette elektrik alan sinyalleri kullaniminin uygun
olmadig ifade edilmektedir. VEA uygulamalarinin
daha bitkisel degerli
bilesenlerin ekstraksiyonunda ya da bitkisel ve

¢ok materyallerden
hayvansal organik materyallerin dehidrasyonunda
tercih edilmesi gerektigi bildiriimektedir (Sun,
2005). Polistren ambalajlarda, biyofilm olusturan
E.coli’'nin inaktivasyonu igin VEA'nin kullaniminin
ilging bir yaklasim oldugu belirtilmistir. iletken
olmayan ylzey olarak polistren boncuk
kullanilarak bu vylzey (zerine baglanan E.coli
hiicrelerinin; serbest yasayan E.coli hicrelerine
kiyasla VEA uygulamasina karsi daha duyarh hale
bu bir
inaktivasyon hizini artirdigi belirlenmistir (Dutreux
2000).
alanindaki Ustlinlikleri ve yetersizliklerine iliskin

1'de

geldikleri ve sekilde baglanmanin

ve ark,, VEA teknolojisinin uygulama

hususlar  Cizelge genel  hatlariyla

Ozetlenmistir.

Cizelge 1. VEA isleminin Ustin yonleri ve yetersizlikleri
(Devlieghere ve ark., 2004)

Table 1. Advantages and disadvantages of PEF technology
(Devlieghere ve ark., 2004)

Ustiin yonleri Yetersiz yonleri

Superior aspects Inadequate aspects

e islemin siirekli olmasi e Ekipman gelistirme

Continuous operation
Besin degerinin yiksek
oranda korunmasi
Highly protected
nutritional value in
processed foods

Uriinlin tazeye yakin,
yuksek duyusal kaliteye
sahip olmasi

Fresh-like, high sensorial
quality in processed foods
Asit karakterdeki gidalara
uygulanabilmesi

Suitable for high-acid
foods

Sporlarin inaktivasyonu
icin diger koruma
teknikleri ile kombine
edilebilmesi

Possibility of use together
with other preservation
techniques in spore
inactivation

¢alismalarinin devam
etmesi
Continuing
developments in
equipment
e Yalnizca sivi Girlinlere
uygulanabilmesi
Suitable for use in only
liquid foods
e Sporlarin direng
gostermesi
Spore resistance
against the technique
e Enzimlerin direng
gostermesi
Enzymes resistance
against the technique
e Etkinliginin gidanin
elektrik iletkenligine
bagli olmasi
Degree of inactivation
effect depends on
electrical conductivity
of food
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VEA Teknolojisinin Yasal Yonleri

Globallesen gida endustrisi, Ulkeler arasinda

uyumun saglanmasi igin kullanilan yeni gida
bilesenleri ve uygulanan vyeni teknikleri de
kapsayan uluslararasi bazi standartlar

olusturulmasini gerekli kilmaktadir (Galic ve ark.,
2010). Glnlmiz tlketicisinin gida tercihlerinde
s6z konusu gidanin duyusal o6zellikleri, saghk
kalite,

sardurdlebilirlik ve etik ozellikleri

Uzerine etkileri, kolaylk, glvenilirlik,

belirleyici
olmaktadir (Guimaraes ve ark., 2018). Yenilikgi
teknolojiler, yuksek kalitede Urin Gretilmesini
amaglayan isitma verimliligi ve enerji tasarrufu
yuksek, cevre dostu oldugu distintlen teknolojiler
olarak bilinmektedir (Pereira ve Vicente, 2010).
Yenilik¢i teknolojiler olarak bilinen sil isleme
alternatif yontemler glivenli, besleyici ve daha iyi
kalitede Urlinler elde edilmesi igin tasarlanmis
olmasiyla birlikte bu yontemlerin 1sil islemler igin
de gecerli olan ve yasal otoriteler tarafindan kabul
birtakim

gerekmektedir (Wouters ve ark., 1999; Knorr ve

goren gereklilikleri  karsilamalar
ark., 2002). Bazilari endistriyel kullanimda, pilot
dizeyde veya kullanima ge¢mek (izere olan
ylksek basing, vurgulu elektrik alan, stperkritik
CO,, ultrasonik ses dalgalarinin kullanimi, ozon ve
plazma uygulamalarindan giinimiizde en basarih
ve bircok ticari uygulamasi olanlar yiksek
hidrostatik basing ve wvurgulu elektrik alan
uygulamalaridir (Castro ve ark., 2018). Ancak VEA
tekniginin ticari olarak uygulanabilirliginin 6niinde
yasal dlizenlemelerin olmayisi engel olarak
goriinmektedir (Sepulveda ve ark., 2009). Isil
olmayan islemlere tabi tutulan gidalar, Amerika
Birlesik Devletleri Gida ve ilagc Dairesi (FDA)
tarafindan belirlenen ve

toplum  sagliginin

korunmasini glivence altina alan hikimlere
uygunluk gostermeleri durumunda ticari olarak
piyasada yer alabilmektedir (Gongora-Nieto ve
ark., 2002; Corbo ve ark., 2009). Ayrica Avrupa
yenilik¢i gida mevzuatinin toksin inaktivasyonu,
alerjen maddelerin inaktivasyonu veya islem
sonrasi olusumu gibi konularda bazi gerekliliklerin
saglanmasi isil isleme alternatif yontemlerin ticari
olarak

uygulanabilmesini kolaylastiracagi
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dustintlmektedir (Knorr ve ark., 2002).
VEA uygulamasi yoniinden ekipman ve islem
dizayni, ardn

spesifikasyonlari, islemin

dogrulanmasi, islem sonucunda olabilecek besin

yol
acabilecek kimyasal degisimler, toksin Uretimi ve

kayiplari, toksik bilesiklerin  olusmasina
proses kontrolii gibi konular 6nemli gorilen
Bu ilgili
arastirmalara destek verecek uygun alt yapisi

hususlardir. teknolojinin  konuyla
bulundugu bilinmektedir (Géngora-Nieto ve ark.,
2002; Corbo ve ark., 2009). Ancak bu teknik
kullanilarak Gretilen Grinlerin fonksiyonelliginin
in-vivo ve in-vitro ortamlarda incelenmesiyle,
ayrica toksikolojik olarak da test edilmesiyle

ticarilesebilmesinin  6nlindeki engelin ortadan

kalkabilecegi soylenebilir (Guimaraes ve ark.,
2018).
Isil isleme alternatif olarak gelistirilen bu

yenilikgi teknolojiler igin uygulandig Glkeye bagl
bir
dizenleyici global bir yasal diizenleme sistemine

kalmaksizin  glivenli sekilde kullanimini
ihtiyac bulunmaktadir. FDA tarafindan belirlenen
spesifik konulara ¢6zim getirilmesi ve gida
glivenligi ile ilgili konularin her Ulkenin kendi yasal
organlarinin gida glvenligi ile ilgili konulari
VEA

yontem olarak

degerlendirmesi durumunda, tekniginin
alternatif bir

belirtilmektedir.
bu

diizenleyen ve izleyen ve llkeler arasi farkhliklari

pastdrizasyona

kullanilabilecegi Ayrica global

olarak olusturulan sistemin ¢alismalarini

engelleyici yonetim organlarina ihtiyac
bulunmaktadir (Castro ve ark., 2018).
Sonug¢

VEA teknolojisi, sivi  gidalarin  minimum

dizeyde degisikle islenmesine olanak taniyan
tat/aroma ve bircok fizikokimyasal 6zelligin buyuk
mikrobiyel  glvenligin

Olclide korundugu

kullanilabilecek olan
birisidir.

kiyaslandiginda bu teknoloji

saglanmasinda yeni
etkisi

ile tazeye vyakin

tekniklerden Pastorizasyonla
Ozellikte, ylksek kalitede ve ayni zamanda raf
Oomri uzun gidalarin Uretiminin saglanabilecegi
VEA
glivenligin yani sira gidalarda bazi fonksiyonel

belirlenmistir. teknolojiyle  mikrobiyel
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ozelliklerin gelistirilebilecegi belirlenmistir. Ancak
teknolojinin gida glvenligi kavrami ile uyumlu
olarak kullanimi
VEA

gelecegimizin cevre ve insan saghgi ile iliskili en

Onem tasimaktadir. Ayni

zamanda teknolojisi, glnlimizin ve

onemli konularindan olan temiz c¢evrenin

korunmasi  ve yenilenemeyen  kaynaklarin

tasarruflu kullanimi konularinda hassas oldugu

bilinen teknolojilerden bir tanesidir. VEA
teknolojisinin yatirim maliyetlerinin azaltilmasiyla,
proses takibinin  optimizasyonu ve vyasal

prosedurlerin yerine getirilmesiyle endustriyel
olarak yaygin olarak kullaniminin saglanabilecegi
dustnilmektedir.
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Introduction

This work is licensed under a
Creative Commons ~ Attribution-
Non Commercial 4.0 International
License.

Insects (Insecta) are the most numerous group
of animals in the world, with over one million
species that have been described (Price, 1997).

ABSTRACT

Evaluations on insect species of various ecologies have been conducted in the provinces
(Adiyaman, Batman, Gaziantep, Diyarbakir, Mardin, Siirt, Sanliurfa, Sirnak) of Southeastern
Anatolia region between the years 1948-2013. During this study a total of 187 species
were found in 8 families and in 8 superfamilies of Hemiptera (Suborder Heteroptera).
Those superfamilies are Gerroidea, Hebroidea, Corixoidea, Notonectoidea, Leptopodoidea,
Cimicoidea, Naboidea, and Miroidea. The distribution of determined insect types
according to the provinces, plant hosting and feeding type was also included. Information
about their identification, host plants, and distribution in Southeastern Anatolia Region is
presented as detailed.

Key Words: Insect fauna, Hemiptera, Heteroptera, Southeastern Anatolia Region, Turkey

(074

Glineydogu Anadolu Boélgesi illerinde (Adiyaman, Batman, Gaziantep, Diyarbakir, Mardin,
Siirt, Sanliurfa, Sirnak) 1948-2013 yillari arasinda degisik ekolojilerdeki bocek tiirlerinin
degerlendirilmesi yapilmistir. Bu ¢alisma sonucunda Hemiptera (Alttakim: Heteroptera)
takimina dahil 8 st familyaya ait 8 familyadan toplam 187 bdécek tiri belirlenmistir. Bu
Ust familyalar Gerroidea, Hebroidea, Corixoidea, Notonectoidea, Leptopodoidea,
Cimicoidea, Naboidea ve Miroidea’dir. Belirlenen bdcek tiirlerinin illere, konukgu bitki ve
beslenme cesidine gore dagilimi ortaya konmustur. Glineydogu Anadolu Bdlgesindeki
belirlenen bocek tirlerinin konukgusu olan bitkiler ve dagilimlari detaylica sunulmustur.

Anahtar Kelimeler: Bocek faunasi, Hemiptera, Heteroptera, Glineydogu Anadolu Bolgesi,
Turkiye

Insects are difficult to study because they
represent the most species-rich, yet one of the
least known, of all taxa of living organisms, a
problem that is compounded by a dearth of skilled
entomologists. Although the number of described
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insect species is uncertain due to synonyms and
the lack of a global list, most authorities recognize
900000-1000000
representing 56% of all species known on Earth
(Groombridge, 1992; Anonymous, 2003). Sensible
estimates of the number of insects yet to be

named morpho-species,

discovered range from another 1 million to 30
million species (Erwin, 1982, 1991), although most
predict around 2-8 million more species (May,
1990; Gaston, 1991; Stork, 1997; @degaard,
2000).Conservative estimates suggest that 50-90%
of the existing insect species on Earth have still to
be discovered, yet the named insects alone
comprise more than half of all known species of
organism.

Insects constitute the most diverse form of
animal life in terrestrial ecosystems. Most species
innocuous and essential

are components of

natural ecosystems. Because they are cold-
blooded, the rates of key physiological processes
their life by

environmental conditions, especially temperature

in cycles are determined

and precipitation. In general they have short
generation times, high fecundity and high mobility

(Moore and Allard, 2008).
Turkey in fact seems to be like a small
continent in terms of biological diversity. Despite
the Anatolia is not a continent alone, it contains
all properties of a continent that should have an
habitat. Each
regions Turkey

ecosystem and of seven

geographical in has a
distinguishable climate, flora and fauna.
Heteroptera includes 9365 species belonging
to 1632 genera in Palaearctic Region (Aukema et
al., 2013).
This study aims to determine insect species
found

Anatolia region of Turkey.

in various ecologies on Southeastern

Materials and Methods

Entomology studies on
Southeastern (Adiyaman,
Batman, Mardin, Siirt,
Sanliurfa, Sirnak) in different ecological provinces

insect species of
Anatolia  Region
Gaziantep, Diyarbakir,
were made between the years 1948-2013 (Figure

1),
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Figure 1. Sampling localities in Southeastern Anatolia Region of Turkey
Sekil 1. Giineydogu Anadolu Bélgesi’ndeki érnekleme alanlari

365
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In this study, | prepared for the inventory has
reached the major advantage of the waterways:
-Currently in Turkey, published or unpublished
entomology journals related to scanning,

-Giving more weight to faunistic studies, and in
the meantime, the insect fauna of our country
foreign scientific journals that publishes articles
about scanning,

-Faculty of Agriculture, Faculty of Science and
Regional Plant Protection Research Institute in
the library of books on insect fauna and the
screening of the booklet,

-The doctorate (PhD) and the master's thesis
of entomology in the region on the scanning,

-Review of other studies on the insect fauna in
the area.

In this study, | evaluated the information as
described above were obtained

Results and Discussion

Surveys on insect species in various ecologies
have been conducted in the provinces (Adiyaman,
Mardin, Siirt,
Sanliurfa, Sirnak) of Southeastern Anatolia region
between the vyears 1948-2013. Almost 2600
species and subspecies almost 180 families

Batman, Gaziantep, Diyarbakir,

belonging to 13 insect orders are defined owing
to these studies. The distributions of determined

insect species are as follows: Hemiptera

(Suborder Heteroptera) included 8 families were
recorded (Table 1).

Table 1. Number of species of Suborder Heteroptera on Southeastern Anatolia Region
Cizelge 1. Giineydogu Anadolu Bélgesi’nde belirlenen Heteroptera alt takimina ait tiirlerin sayisi

Suborder Superfamily Family Number Species
Ustfamilya Familya Tiir Sayisi
Gerroidea Gerridae 1
Hebroidea Hebridae 2
Corixoidea Corixidae 8

Heteroptera Notonectoidea Notonectidae 1
Leptopodoidea Leptopodidae 1
Cimicoidea Anthocoridae 19
Naboidea Nabidae 9
Miroidea Miridae 146

Total 8 8 187

Order Hemiptera (bugs)
Suborder Heteroptera
Superfamily Gerroidea
Family Gerridae

Gerris lacustris (Linnaeus, 1758)
Distribution of the studies area: Gaziantep;
Host plant: Wetland (Onder et al., 2006).

Superfamily Hebroidea
Family Hebridae

Hebrus montanus Kolenati, 1857
Distribution of the studies area: Gaziantep;
Host plant: Wetland (Onder et al., 2006).

Hebrus pusillus pusillus (Fallén, 1807)
Distribution of the studies area: Gaziantep;
Host plant: Wetland (Onder et al., 2006).
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Superfamily Corixoidea
Family Corixidae

Corixa dffinis Leach, 1817
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Onder and Adigiizel 1979).

Corixa punctata (llliger, 1807)
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Lodos et al.,, 1984;

Gozuaglk, 2012)

Corixa vermiculata Put.
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Lodos et al.,, 1984;

Gozuacik, 2012)

Micronecta griseola (Linnaeus)
Distribution of the studies area: Gaziantep,
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Host plant: Meadow pasture, Wetland (Onder et
al., 2006)

Micronecta (Micronecta) wui alkani Hoberlandt,
1952

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Sigara lateralis (Leach, 1817)

Distribution of the studies area: Diyarbakir,
Gaziantep, Host plant: Wetland (Onder et al,,
2006)

Sigara nigrolineata nigrolineata (Fieber, 1848)

Distribution of the studies area: Diyarbakir,
Gaziantep, Host plant: Wetland (Onder et al,,
2006)

Sigara samani tigranes Jansson, 1986

Distribution of the studies area: Diyarbakir,
Mardin, Host plant: Meadow pasture (Onder et
al., 2006)

Superfamily Notonectoidea
Family Notonectidae

Anisops sardeus sardeus Herrich-Schaeffer 1849
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Superfamily Leptopodoidea
Family Leptopodidae

Patapius spinosus (Rossi, 1790)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa, Sirnak, Host plant: Light trap, Meadow

Batman, Diyarbakir, Gaziantep,
pasture, Pistacia vera L. (Onder et al., 2006;

Matocq and Ozgen, 2010)

Superfamily Cimicoidea
Family Anthocoridae

Anthocoris confusus Reuter 1884.
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Lodos et al.,, 1984;

Goziagik, 2012)

Anthocoris minki Dohrn, 1860
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Distribution of the studies area: Adiyaman,
Batman, Diyarbakir, Gaziantep, Mardin, Siirt, Host
plant: Pistachio, Almond, Olive (Celik, 1981; Yanik,
1997; Bolu, 2002; Olmez and Ulusoy, 2002; Bolu
et al., 2005; Ozgen ve Karsavuran, 2005; Kaplan et
al., 2011; Yanik et al., 2011; Maral, 2012)

Anthocoris minki minki Dohrn
Distribution of the studies area: Diyarbakir,
Mardin, Host plant: Almond (Maral, 2012)

Anthocoris minki pistaciae Wagner
Distribution of the studies area: Diyarbakir,
Mardin, Host plant: Almond (Maral, 2012)

Anthocoris nemoralis (Fabricius, 1794)

Distribution of the studies area: Adiyaman,
Gaziantep, Mardin, Sanliurfa, Host plant: Olive
(Kaplan et al., 2011)

Cardiastethus nazarenus Reuter, 1884

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanlurfa, Sirnak, Host plant: Forest area (Onder et
al., 2006)

Batman, Diyarbakir, Gaziantep,

Dufouriellus ater (Dufour, 1883)
Distribution of the studies area: Gaziantep
Host plant: Forest area (Onder et al., 2006)

Lyctocoris dimidiatus (Spinola, 1837)
Distribution of the studies area: Gaziantep
Host plant: Forest area (Onder et al., 2006)

Orius albidipennis (Reuter, 1884)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa Host plant: Cotton (Blylik and Kazak,
2010)

Batman, Diyarbakir, Gaziantep,

Orius horvathi (Reuter, 1884)

Distribution of the studies area: Adiyaman,
Diyarbakir, Gaziantep, Mardin, Siirt, Sanliurfa Host
plant: Almond, Cotton, Melon, Light trap, Olive,
Pistachio, Watermelon (Celik, 1981; Karaat et al.,
1986 (2); Akkaya, 1995; Goven, 1995; Blyuk and
Ozpinar, 1999; Bolu et al., 2005; Ozgen and
Karsavuran, 2005)
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Orius laevigatus (Fieber, 1860)

Distribution of the studies area: Diyarbakir,
Mardin, Sanhurfa Host plant: Light trap (Onder
and Adiglizel, 1979)

Orius laticollis (Reuter, 1884)

Distribution of the studies area: Diyarbakir,
Mardin, Sanhurfa Host plant: Light trap (Onder
and Adiguizel, 1979)

Orius minutus (Linnaeus, 1758)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa Host plant: Chickpea, Cotton, Lentil,
Pomegranate, Light trap (Onder & Adigiizel 1979;
Yasarakinci 1991; Géven 1995; Ozpinar & Yiicel
2002)

Batman, Diyarbakir, Gaziantep,

Orius niger (Wolff, 1811)

Distribution of the studies area: Adiyaman,
Diyarbakir, Gaziantep, Mardin, Siirt,
Host plant: Cotton, Light trap,
Pomegranate (Onder and Adigiizel 1979; Karaat
et al., 1986 (2); Géven and Efil, 1994)

Batman,
Sanliurfa

Orius pallidicornis (Reuter, 1884)

Distribution of the studies area: Southeastern
Anatolia Region, Host plant: Forest area (Onder et
al., 2006)

Orius vicinus (Ribaut, 1923)
Distribution of the studies area: Southeastern
Anatolia Region, Host plant: Cotton (Bliylk 2008)

Temnostethus reduvinus (Herrich-Schéaffer, 1853)
Distribution of the studies area: Adiyaman,
Host plant: Pistachio (Yanik, 1997; Bolu, 2002)

Xylocoris cursitans (Fallen, 1807)
Distribution of the studies area: Mardin, Host
plant: Unknown (Onder et al., 2006)

Xylocoris (Proxylocoris) galactinus (Fieber, 1836)
Distribution of the studies area: Siirt Host
plant: Pistachio (Matocq and Ozgen, 2010)

Superfamily Naboidea
Family Nabidae

Aspilaspis viridis (Brullé, 1835)
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Distribution of the studies area: Adiyaman,
Batman, Diyarbakir, Gaziantep, Mardin, Siirt,
Sanliurfa, Sirnak Host plant: Grassland (Onder et
al., 2006)

Nabis capsiformis (Germar, 1838)

Distribution of the studies area: Adiyaman,
Batman, Diyarbakir, Gaziantep, Mardin, Siirt,
Sanlurfa, Sirnak Host plant: Forest area,
Grassland (Onder et al., 2006; Matocq and
Ozgen, 2010)

Nabis ferus (Linnaeus, 1758)

Distribution of the studies area: Southeastern
Anatolia Region, Host plant: Cotton, Forest area,
Grassland (Ozpinar and Yiicel, 2002; Onder et al.,
2006)

Nabis pseudoferus Romane, 1949

Distribution of the studies area: Southeastern
Anatolia Region, Host plant: Almond, Cotton,
Lentis, Pistachio, Pomegranate, Vegetables
(Onder and Adigiizel, 1979; Lodos et al., 1984;
Karaat et al., 1986; Goven and Efil, 1994; Goven
and Gimdus, 1998; Bolu, 2002; Bolu et al., 2005;
Ozpinar and Yiicel, 2002; Onder et al., 2006;
Gozlaglk, 2012)

Nabis pseudoferus orientarius Remane, 1962
Distribution of the studies area: Diyarbakir,

Mardin, Siirt Host plant: Pistachio, The culture

plant (Matocq and Ozgen, 2010; Maral, 2012)

Nabis punctatus Costa, 1843

Distribution of the studies area: Adiyaman,
Batman, Diyarbakir, Gaziantep, Mardin, Siirt,
Sanlurfa, Host plant: Almond, Chickpea, Lentis,
Pistachio, Vegetables (Bolu, 2002; Bolu et al.,
2005; Yasarakinci, 1999)

Nabis rugosus (Linnaeus, 1758)

Distribution of the studies area: Adiyaman,
Batman, Diyarbakir, Gaziantep, Mardin, Siirt,
Sanliurfa, Host plant: Cotton, Pomegranate
(Onder and Adigiizel, 1979; Karaat et al., 1986;
Goven and Efil, 1994; Géven and Gum{s, 1998)

Nabis sareptanus, Dohrn, 1862
Distribution of the studies area: Diyarbakir,
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Host plant: Grassland (Onder and Adigiizel, 1979;
Onder et al., 2006)

Phorticus velutinus Puton, 1895
Distribution of the studies area: Adiyaman,
Host plant: Grassland (Onder et al., 2006)

Superfamily Miroidea
Family Miridae

Acrorrhinium atricorne Linnavuori, 2006
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Acrorrhinium conspersus Noualhier, 1895

Distribution of the studies area: Adiyaman,
Gaziantep, Mardin, Siirt,
Sanlurfa, Host plant: Pistachio, Pomegranate,
Light trap (Giinaydin, 1978; Onder and Adigiizel,
1979; Bolu, 2002; Yiicel et al., 2002; Lodos et al.,
2003; Matocq and Ozgen, 2010)

Batman, Diyarbakir,

Adelphocoris bimaculicollis Lindberg, 1948
Distribution of the studies area: Diyarbakir,
Host plant: Grassland (Onder et al., 2006)

Adelphocoris lineolatus (Goeze, 1778)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa, Sirnak, Host plant: Meadow pasture,
Trifolium, Vetch (Bingdl, 1978; Akkaya, 1995;
Lodos et al., 2003)

Batman, Diyarbakir, Gaziantep,

Adelphocoris vandalicus (Rossi, 1790)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanlurfa, Sirnak, Host plant: Meadow pasture,
Trifolium, Vetch (Bingol, 1978; Akkaya, 1995)

Batman, Diyarbakir, Gaziantep,

Alloeotomus cyprius (Wagner, 1953)
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Alloeomimus kurdus Hoberlandt, 1953

Distribution of the studies area: Adiyaman,
Batman, Gaziantep, Mardin, Siirt, Sanhurfa, Host
plant: Meadow pasture, Pistachio (Ginaydin,
1978; Bolu, 2002; Lodos et al., 2003; Onder et al.,
2006)
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Amblytylus concolor Jakovlev, 1877

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture, Weeds (Lodos et al.,
2003; Onder et al., 2006)

Amblytylus jani Fieber, 1858

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Lodos et al., 2003;
Onder et al., 2006)

Antepia guttalis Seidenstlicker, 1960
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Atomoscelis onustus (Fieber, 1861)

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture, Weeds (Lodos et al.,
2003; Onder et al., 2006)

Atractotomus mali (Meyer-Dur, 1843)

Distribution of the studies area: Diyarbakir,
Siirt, Host plant: Amygdalus
communis, Amygdalus sp., Meadow pasture
(Lodos et al., 2003; Onder et al., 2006)

Gaziantep,

Auchenocrepsis reuteri Jakovlev, 1876

Distribution of the studies area: Gaziantep,
Siirt, Host plant: Meadow pasture, Pistachio,
Tamarix sp. (Lodos et al., 2003; Onder et al.,
2006; Matocq and Ozgen 2010)

Badezorus signaticornis (Reuter, 1904)

Distribution of the studies area: Gaziantep,
Siirt, Host plant: Meadow pasture,
(Matocq and Ozgen 2010)

Pistachio

Brachynotocoris puncticornis Reuter, 1880

Distribution of the studies area: Diyarbakir,
Gaziantep, Host plant: Light trap, Vitex agnus
castus (Lodos et al., 2003; Onder and Adigiizel,
1979)

Brachycoleus lineellus Jakovlev, 1884

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Lodos et al., 2003;
Onder et al., 2006)

Brachycoleus steini Reuter, 1877
Distribution of the studies area: Gaziantep,
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Host plant: Meadow pasture (Onder et al., 2006)

Brachycoleus thoracicus Puton, 1892

Distribution of the studies area: Diyarbakir,
Gaziantep, Mardin, Host plant: Meadow pasture
(Lodos et al., 2003; Onder et al., 2006)

Brachynotocoris cyprius Wagner, 1960
Distribution of the studies area: Gaziantep,
Host plant: The culture plant (Onder et al., 2006)

Brachynotocoris puncticornis Reuter, 1880

Distribution of the studies area: Gaziantep,
Host plant: Vitex agnus castus (Lodos et al., 2003;
Onder et al., 2006)

Calocoris annulus (Brullé, 1832)

Distribution of the studies area: Southeastern
Anatolia Region, Host plant: Meadow pasture
(Onder et al. 2006)

Calocoris angularis (Fieber, 1864)

Distribution of the studies area: Adiyaman,
Gaziantep, Host plant: Meadow pasture,
Trifolium, Vetch (Bingdl, 1978; Lodos et al., 2003;
Onder et al., 2006)

Calocoris costai Reuter, 1888

Distribution of the studies area: Mardin, Host
plant: Meadow pasture, The culture plant (Onder
et al., 2006)

Calocoris instabilis Fieber, 1861

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Lodos et al., 2003;
Onder et al., 2006)

Calocoris krueperi Reuter, 1880

Distribution of the studies area: Diyarbakir,
Host
sativa,

Gaziantep, plant: Meadow pasture,

Medicago Pistacia vera, Raphanus
sativum, The culture plant, Weeds (Lodos et al.,

2003; Onder et al., 2006)

Calocoris nemoralis (Fabricius, 1787)

Distribution of the studies area: Southeastern
Anatolia Region, Host plant: Meadow pasture,
The culture plant (Lodos et al., 2003; Onder et al.,
2006)
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Calocoris norvegicus (Gmelin, 1788)
Distribution of the studies area: Gaziantep,
Host plant: Tamarix sp. (Lodos et al., 2003)

Calocoris pilicornis (Panzer, 1804)

Distribution of the studies area: Mardin, Host
plant: Meadow pasture, The culture plant (Onder
et al., 2006)

Calocoris porphypterus Reuter, 1894

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture, The culture plant
(Onder et al., 2006)

Calocoris putoni Horvath, 1888

Distribution of the studies area: Adiyaman,
Diyarbakir, Gaziantep, Host plant: Meadow
pasture, Vetch (Bingdl, 1978; Onder et al., 2006)

Calocoris quadripunctatus (Villers, 1789)

Distribution of the studies area: Gaziantep,
Host plant: Forest plant, The culture plant (Onder
et al., 2006)

Calocoris roseomaculatus (De Geer, 1773)
Distribution of the studies area: Diyarbakir,
Gaziantep, Host plant: Weeds (Lodos et al., 2003)

Calocoris trivialis (Costa, 1852)

Distribution of the studies area: Adiyaman,
Diyarbakir, Gaziantep, Mardin, Sanliurfa Host
plant: Olive (Kaplan et al., 2011)

Camponotidea fieberi Reuter, 1879

Distribution of the studies area: Adiyaman,
Diyarbakir, Gaziantep, Siirt Host plant: Trifolium,
Vetch (Bingol, 1978)

Camponotidea saundersi (Puton, 1874)

Distribution of the studies area: Gaziantep,
Siirt Host plant: Medicago sativa, The culture
plant (Lodos et al., 2003; Onder et al., 2006)

Camptotylus linae (Puton, 1881)

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture, Tamarix sp. (Lodos
et al., 2003; Onder et al., 2006)

Capsodes cingulatus (Fabricius, 1787)
Distribution of the studies area: Southeastern
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Anatolia Region, Host plant: Meadow pasture,
Forest plant (Onder et al., 2006)

Capsodes infuscatus (Brullé, 1832)
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Campylomma annulicornis (Signoret, 1865)

Distribution of the studies area: Diyarbakir,
Sanliurfa, Host plant: Cotton, Light trap,
Vegetables (Onder and Adigiizel, 1979; Géven and
Efil, 1994)

Campylomma diversicornis (Reuter,1878)
Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa Southeastern Anatolia Region, Host
plant: Allium cepa, Almond, Chickpea, Cotton,

Batman, Diyarbakir, Gaziantep,

Light trap, Lentis, Meadow pasture, Pistachio,
Pomegranate, Vegetables (Onder and Adigiizel,
1979; Lodos et al., 1984; Karaat et al., 1986;
Karaat et al., 1990; Yasarakinci, 1991; Tirkmen et
al.,, 1992; Goven and Efil, 1994; Goven et al,,
1995; Yanik, 1997; Biiyiik and Ozpinar, 1999; Bolu,
2002; Ozpinar and Yiicel, 2002; Lodos et al., 2003;
Bolu et al., 2005; Onder et al., 2006; Efil et al.,
2009)

Campylomma lindbergi Hoberlandt, 1952

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa Southeastern Anatolia Region, Host
plant: Almond, Pistachio (Bolu, 2002; Yiicel et al.,
2002; Lodos et al., 2003; Bolu et al., 2005; Yanik
et al., 2011; Onder et al., 2006)

Batman, Diyarbakir, Gaziantep,

Campylomma nicolasi Puton & Reuter, 1883

Distribution of the studies area: Adiyaman,
Batman, Diyarbakir, Gaziantep, Siirt, Sanliurfa,
Host
Chickpea, Meadow pasture, Lentis, Quercus sp.
(Onder and Adigiizel, 1979; Lodos et al., 1984;
Simsek, 1985; Yasarakinci, 1991; Lodos et al.,
2003; Onder et al.,, 2006; Kilekgi et al., 2009;
Gozuacik, 2012)

Southeastern Anatolia Region, plant:

Campylomma verbasci (Meyer-D(ir, 1843)
Distribution of the studies area: Diyarbakir,

371

Gaziantep, Mardin, Siirt, Sanlurfa, Sirnak, Host

plant: Chickpea, Meadow pasture, Lentis,
Verbascum sp. (Onder and Adigiizel 1979; Lodos
et al., 2003; Onder et al., 2006; Matocq and

Ozgen, 2010)

Capsodes infuscatus (Brullé, 1832)
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Charagochilus gyllenhali (Fallén, 1807)
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Chlamydatus pullus (Reuter, 1871)

Distribution of the studies area: Adiyaman,
Batman, Diyarbakir, Gaziantep, Siirt, Sanliurfa,
Sirnak, Host plant: Meadow pasture, Trifolium,
Vetch (Bingol, 1978; Akkaya, 1995)

Chorosomella jakovleffi Horvath, 1906

Distribution of the studies area: Gaziantep,
Sanliurfa, Host plant: Meadow pasture, Weeds
(Lodos et al., 2003; Onder et al., 2006)

Creontiades pallidus (Rambur, 1845)

Distribution of the studies area: Adiyaman,
Diyarbakir, Mardin, Sanlurfa, Host plant: Cotton
(Ozpinar and Yiicel, 2002)

Cyphodema instabile (Lucas, 1849)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanlurfa, Sirnak, Host plant: Agricultural area,

Batman, Diyarbakir, Gaziantep,
Meadow pasture, Medicago sativa, Weeds (Lodos

et al., 2003; Onder et al., 2006)

Deraeocoris cyprius Wagner, 1953
Distribution of the studies area: Mardin, Host
plant: Forest area (Onder et al., 2006)

Deraeocoris delagrangei (Puton, 1892)
Distribution of the studies area: Mardin, Host
plant: Olive (Kaplan et al., 2011)

Deraeocoris pallens Reuter, 1904

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa, Southeastern Anatolia Region, Host

Batman, Diyarbakir, Gaziantep,
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plant: Agricultural area, Allium cepa, Almond,
Chickpea, Cotton, Light trap, Lentis, Meadow
pasture, Pistachio, Pomegranate, Weeds,
Vegetables (Onder and Adigiizel, 1979; Karaat et
al., 1986; Yasarakinci, 1991; Tirkmen et al., 1992;
Goéven and Efil, 1994; Ozpinar and Yiicel, 2002;
Lodos et al., 2003; Onder et al., 2006; Matocq and
Ozgen 2010; Yanik et al., 2011)

Deraeocoris punctulatus (Fallen, 1807)

Distribution of the studies area: Gaziantep,
Siirt, Host plant: Pistachio, Weeds (Lodos et al.,
2003; Onder et al., 2006; Matocq and Ozgen,
2010)

Deraeocoris rutilus (Herrich-Schaffer, 1839)

Distribution of the studies area: Diyarbakir,
Gaziantep, Mardin, Siirt, Host plant: Amygdalus
sp., Meadow pasture, Light trap, Rhus sp. (Onder
and Adigiizel, 1979; Lodos et al., 2003; Onder et
al., 2006)

Deraeocoris serenus (Douglas & Scott, 1868)
Distribution of the studies area: Adiyaman,

Mardin, Siirt,

Sanliurfa, Southeastern Anatolia Region, Host

Batman, Diyarbakir, Gaziantep,

plant: Agricultural area, Cotton, Light trap,
Pomegranate, Weeds, Vegetables (Bingol, 1978;
Onder and Adigiizel, 1979; Lodos et al., 1984;
Karaat et al., 1986; Goven and Efil, 1994; Lodos et

al., 2003; Goziiacik, 2012; Maral, 2012)

Dicyphus albonasutus Wagner, 1951

Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Onder and Adigiizel, 1979;
Lodos et al., 1984; Goziagik, 2012)

Dionconotus cruentatus (Brullé, 1832)

Distribution of the studies area: Gaziantep,
Host plant: Agricultural area, Meadow pasture
(Lodos et al., 2003; Onder et al., 2006 )

Ectagela guttata (Schmidt, 1939)

Distribution of the studies area: Gaziantep,
Siirt, Host plant: Meadow pasture, Pistachio,
Weeds (Lodos et al., 2003; Onder et al., 2006;
Matocq and Ozgen, 2010)
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Exolygus gemellatus (Herrich-Schéffer, 1835)
Distribution of the studies area: Adiyaman,

Mardin, Siirt,

Sanliurfa, Sirnak, Host plant: Agricultural area,

Batman, Diyarbakir, Gaziantep,
Leguminous forage crops, Meadow pasture,
Vetch (Bingdl, 1978; Akkaya, 1995; Onder et al.,

2006)

Exolygus pratensis (Linnaeus, 1758)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Allium cepaq,

Batman, Diyarbakir, Gaziantep,
Sirnak, Host

Chenopodium sp., Cotton, Leguminous Forage

Sanliurfa, plant:

crops, Light trap, Maize, Pyrus communis,
Tobacco, Triticum sativa, Trifolium, Urtica sp.,
Vegetables, Vetch, Weeds (Bingdl, 1978; Onder
and Adiglizel, 1979; Karaat et al., 1986; Simsek,
1988; Akkaya, 1995; Géven, 1995; Ozpinar and

Yiicel, 2002; Lodos et al., 2003)

Exolygus rugulipennis (Poppius, 1911)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa, Sirnak, Host plant: Cotton, Leguminous

Batman, Diyarbakir, Gaziantep,

forage crops, Medicago sativa, Tobacco,
Trifolium, Triticum sativa, Vetch (Bingdl, 1978;
Karaat, 1986; Karaat et al., 1986; Akkaya, 1995;

Lodos et al., 2003)

Grypocoris fieberi (Douglas & Scott, 1868)

Distribution of the studies area: Adiyaman,
Diyarbakir, Gaziantep, Siirt, Host plant: Forest
area, Medicago sativa, Meadow pasture,
Trifolium, Vetch (Bingdl, 1978; Lodos et al., 2003;
Onder et al., 2006 )

Globiceps horvathi (Reuter, 1912)
Distribution of the studies area: Diyarbakir,
Host plant: Meadow pasture (Onder et al., 2006)

Globiceps sordidus (Reuter, 1876)
Distribution of the studies area: Diyarbakir,
Host plant: Meadow pasture (Onder et al., 2006)

Glaphyrocoris ebikh (Linnavuori, 1984)
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)
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Hallodapus pseudoconcolor (Linnavuori, 1984):
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Halticus asperulus (Horvath, 1889)
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Halticus luteicollis (Panzer, 1805)

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Lodos et al., 2003;
Onder et al., 2006)

Harpocera thoracica (Fallén, 1807)

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture, Quercus sp. (Lodos
et al., 2003; Onder et al., 2006)

Heterotoma meriopterum (Scopoli, 1763)

Distribution of the studies area: Diyarbakir,
Host plant: Forest area, Meadow pasture (Onder
et al., 2006)

Horistus orientalis (Gmelin, 1790)
Distribution of the studies area: Diyarbakir,
Host plant: Vineyard area (Ozgen, 2012)

Linoceraea lunigera (Horvath, 1913)

Distribution of the studies area: Gaziantep,
Host plant: Agricultural area, Juglans regia (Lodos
et al., 2003; Onder et al., 2006)

Liocoris tripustulatus (Fabricius, 1781)

Distribution of the studies area: Gaziantep,
Host
plants, Matricaria sp, Urtica sp., Weeds (Lodos et
al., 2003)

plant: Medicago sativa, Umbelliferous

Lygus gemellatus gemellatus (Herrich-Schaeffer,
1835)

Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Macrolophus caliginosus (Wagner, 1950)

Distribution of the studies area: Diyarbakir,
Gaziantep, Mardin, Host plant: Agricultural area,
Light trap, Meadow pasture (Lodos et al., 2003;
Onder et al., 2006)
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Macrolophus nubilus (Herrich-Schaffer, 1835)

Distribution of the studies area: Adiyaman,
Diyarbakir, Gaziantep, Mardin, Siirt, Sanliurfa,
Host plant: Agricultural area, Light trap, Meadow
pasture, Tobacco, Vegetables, Vitex agnus castus
(Onder and Adigiizel, 1979; Karaat, 1986; Olmez
and Ulusoy, 2002; Lodos et al., 2003; Onder et al.,
2006)

Macrotylus herrichi (Reuter, 1873)

Distribution of the studies area: Diyarbakir,
Gaziantep, Mardin, Host plant: Agricultural area,
Meadow pasture, Weeds (Lodos et al., 2003;
Onder et al., 2006)

Macrotylus perdictus (Kritshenko, 1938)

Distribution of the studies area: Gaziantep,
Mardin, Host plant: Meadow pasture, Weeds
(Lodos et al., 2003; Onder et al., 2006)

Macrotylus weberi (Wagner, 1976)

Distribution of the studies area: Gaziantep,
Host plant: Weeds (Lodos et al., 2003; Onder et
al., 2006)

Macrolophus pygmaeus (Rambur, 1839)
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Maurodactylus albidus (Kolenati, 1845)
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Onder and Adigiizel, 1979)

Megacoelum infusum (Herrich-Schaffer, 1837)

Distribution of the studies area: Gaziantep,
Mardin, Host plant: Amygdalus sp., Meadow
pasture, Woodland (Lodos et al., 2003; Onder et
al., 2006)

Megacoelum pulchricorne (Reuter, 1880)

Distribution of the studies area: Gaziantep,
Host plant: Agricultural area, Meadow pasture
(Onder et al., 2006)

Megalocoleus bifidus (Wagner, 1973)
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Megalocoleus lunula (Fieber, 1861)
Distribution of the studies area: Gaziantep,
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Host plant: Lens esculenta, Matricaria

sp.,
Meadow pasture, Weeds (Lodos et al., 2003;

Onder et al., 2006)

Megalocoleus molliculus (Fallén, 1807)

Distribution of the studies area: Diyarbakir,
Sanliurfa, Host plant: Meadow pasture (Onder et
al., 2006)

Monosynamma bohemani (Fallén, 1829)

Distribution of the studies area: Diyarbakir,
Sanliurfa, Host plant: Woodland (Onder et al.,
2006)

Nanopsallus carduellus (Horvath, 1888)

Distribution of the studies area: Gaziantep,
Siirt, Host plant: Carduus sp., Light trap, Meadow
pasture, Pistachio (Onder and Adigiizel, 1979;
Lodos et al., 2003; Onder et al., 2006; Matocq and
Ozgen, 2010)

Oncotylus anatolicus (Wagner, 1969)

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture, Weeds (Lodos et al.,
2003; Onder et al., 2006)

Oncotylus setulosus (Herrich-Schaffer, 1839)
Distribution of the studies area: Diyarbakir,

Gaziantep, Host plant: Light trap, Meadow

pasture , Sinapis sp., Weeds (Onder and Adigiizel,

1979; Lodos et al., 2003; Onder et al., 2006)

Oncotylus viridiflavus (Goeze, 1778)

Distribution of the studies area: Southeastern
Anatolia Region, Host plant: Meadow pasture
(Onder et al., 2006)

Orthocephalus rhyparopus Fieber, 1864
Distribution of the studies area: Diyarbakir,
Host plant: Meadow pasture (Onder et al., 2006)

Orthocephalus saltator (Hahn, 1831)

Distribution of the studies area: Gaziantep,
Mardin, Host plant: Agricultural area, Meadow
pasture, Weeds (Lodos et al., 2003; Onder et al.,
2006)

Orthocephalus tenuicornis (Mulsant & Rey, 1852)
Distribution of the studies area: Gaziantep,
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Sanliurfa, Host plant: Lens esculenta, Matricaria
sp., Meadow pasture, Weeds (Lodos et al., 2003;
Onder et al., 2006)

Orthonotus cylindricollis (Costa, 1852)
Distribution of the studies area: Mardin, Host
plant: Meadow pasture (Onder et al., 2006)

Orthonotus fraudatrix (Reuter, 1904)

Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture, Medicago sativa
(Lodos et al., 2003; Onder et al., 2006)

Orthops kalmii (Linnaeus, 1758).
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Onder and Adigiizel, 1979)

Orthotylus cupressi Reuter, 1883

Distribution of the studies area: Gaziantep,
Host plant: Light trap, Meadow pasture (Lodos et
al., 2003; Onder et al., 2006)

Orthotylus flavosparsus (Sahlberg, 1842)
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Onder and Adigiizel, 1979)

Orthotylus
balcanicus (Josifov, 1974)

(Parapachylops) junipericola
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Orthotylus nassatus (Fabricius, 1787)

Distribution of the studies area: Mardin, Host
plant: Agriculture and forest areas (Onder et al.,
2006)

Pachylops bicolor (Douglas & Scott, 1865)

Distribution of the studies area: Gaziantep,
Host plant: Juglans regia, Meadow pasture (Lodos
et al., 2003; Onder et al., 2006)

Phytocoris flammula Reuter, 1875
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Phytocoris irroratus Linnavuori, 1965
Distribution of the studies area: Mardin, Host
plant: Meadow pasture (Onder et al., 2006)
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Phytocoris loralis Wagner, 1976
Distribution of the studies area: Diyarbakir,
Host plant: Meadow pasture (Onder et al., 2006)

Phytocoris pilifer Reuter, 1880

Distribution of the studies area: Gaziantep,
Host plant: Agricultural area, Meadow pasture
(Onder et al., 2006)

Phytocoris pinihalepensis Lindberg, 1948

Distribution of the studies area: Gaziantep,
Host plant: Forest area, Meadow pasture (Onder
et al., 2006)

Phytocoris tiliae (Fabricius, 1776)

Distribution of the studies area: Gaziantep,
Host plant: Agricultural and Forest
Meadow pasture (Onder et al., 2006)

areas,

Piezocranum corvinum Puton, 1895
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Pilophorus angustulus Reuter, 1888
Distribution of the studies area: Gaziantep,
Host plant: Forest area (Onder et al., 2006)

Pilophorus clavatus (Linnaeus, 1767)
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Piecoris lituratus Fr.

Distribution of the studies area: Southeastern
Anatolia Region, Host plant: Olive (Kaplan et al.,
2011)

Pithanus marshalli Douglas & Scott, 1868
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Placochilus seladonicus (Fallén, 1807)
Distribution of the studies area: Diyarbakir,
Host plant: Meadow pasture (Onder et al., 2006)

Plagiognathus albipennis (Fallén, 1829)

Distribution of the studies area: Gaziantep,
Host plant: Medicago sativa, Meadow pasture
(Lodos et al., 2003; Onder et al., 2006)
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Plagiognathus bipunctatus Reuter, 1883
Distribution of the studies area: Adiyaman,
Diyarbakir, Gaziantep, Siirt, Host plant: Juglans
regia, Lens esculenta, Light trap, Matricaria sp.,
Olea europaea, Meadow pasture, Pistachio,
Weeds (Bingdl, 1978; Onder and Adigiizel, 1979;
Lodos et al., 2003; Matocq and Ozgen, 2010)

Plagiognathus chrysanthemi (Wolff, 1804)

Distribution of the studies area: Diyarbakir,
Gaziantep, Sanhurfa, Host plant: Agricultural and
Forest areas, Matricaria sp., Meadow pasture
(Lodos et al., 2003; Onder et al., 2006)

Plagiognathus fulvipennis (Kirschbaum, 1856)

Distribution of the studies area: Diyarbakir,
Gaziantep, Sanliurfa, Host plant: Agricultural area,
Juglans regia, Light trap, Meadow pasture,
Sideritis sp. (Onder and Adigiizel, 1979; Lodos et
al., 2003; Onder et al., 2006)

Plagiognathus raphani Wagner, 1963

Distribution of the studies area: Diyarbakir,
Gaziantep, Host plant: Light trap, Matricaria sp.,
Meadow pasture, Urtica sp. (Onder and Adigiizel,
1979; Lodos et al., 2003; Onder et al., 2006)

Platyporus dorsalis Reuter, 1890
Distribution of the studies area: Diyarbakir,
Gaziantep, Host plant: Medicago sativa L.,

Onobrychis sativa Lam., Vicia sativa L. (Bingdl,
1978)

Polymerus cognatus (Fieber, 1858)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa, Sirnak Host plant: Legume and forage

Batman, Diyarbakir, Gaziantep,
crops, Medicago sativa L., Vicia sativa L., Wheat
(Onder and Adigiizel, 1979; Akkaya, 1995; Lodos

et al., 2003; Onder et al., 2006)

Polymerus vulneratus (Panzer, 1806)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa, Sirnak Host plant: Legume and forage

Batman, Diyarbakir, Gaziantep,
crops, Medicago sativa L., Pistachio, Vicia sativa

L, Wheat (Onder and Adigiizel, 1979; Akkaya,
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1995; Matocq and Ozgen, 2010)

Pronotropis longicornis Reuter, 1900
Distribution of the studies area: Gaziantep,
Host plant: Meadow pasture (Onder et al., 2006)

Psallus ancorifer (Fieber, 1858)

Distribution of the studies area: Diyarbakir,
Gaziantep, Host plant: Amygdalus sp., Light trap,
Rubus sp., Weeds (Onder and Adigiizel, 1979;
Lodos et al., 2003)

Psallus lepidus Fieber, 1858
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Onder and Adigiizel, 1979)

Psallus oleae Wagner, 1963

Distribution of the studies area: Southeastern
Anatolia Region, Host plant: Olive (Kaplan et al.,
2011)

Psallus varians cornutus Wagner, 1943

Distribution of the studies area: Diyarbakir,
Mardin, Host plant: Agriculture Plant (Maral,
2012)

Pseudoloxops coccineus (Meyer-Diir, 1843)

Distribution of the studies area: Adiyaman,
Diyarbakir, Mardin, Siirt,
Sanlurfa, Host plant: Light trap, Pistachio
(Guinaydin, 1978; Onder and Adigiizel, 1979; Bolu,
2002)

Batman, Gaziantep,

Pseudoloxops sangrudanus Linnavuori, 2006
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Stenodema calcaratum (Fallén, 1807)

Distribution of the studies area: Diyarbakir,
Gaziantep, Host plant: Light trap, Poaceous plants
(Onder and Adigiizel, 1979; Lodos et al., 2003)

Stenodema turanicum Reuter, 1904

Distribution of the studies area: Adiyaman,
Gaziantep, Mardin, Siirt,
Sanliurfa, Host plant: Light trap, Maize, Pistachio,
Pomegranate (Onder and Adigiizel, 1979; Simsek,
1988; Matocq and Ozgen, 2010)

Batman, Diyarbakir,
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Sthenarus pollinosus Horvath, 1905
Distribution of the studies area: Mardin, Host
plant: Meadow pasture (Onder et al., 2006)

Sthenarus roseri (Herrich-Schéaffer, 1838)
Distribution of the studies area: Diyarbakir,
Host plant: Forest area (Onder et al., 2006)

Stictopleurus riveti Royer, 1923

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa, Sirnak Host plant: Legume and forage
crops (Akkaya, 1995; Onder et al., 2006)

Batman, Diyarbakir, Gaziantep,

Stictopleurus pictus (Fieber, 1861)

Distribution of the studies area: Adiyaman,
Mardin, Siirt,
Sanliurfa, Sirnak Host plant: Legume and forage
crops (Akkaya, 1995)

Batman, Diyarbakir, Gaziantep,

Taylorilygus pallidulus (Blanchard, 1852)
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Onder and Adigiizel, 1979)

Trigonotylus ruficornis (Geoffroy, 1785)

Distribution of the studies area: Diyarbakir,
Gaziantep, Siirt, Host plant: Light trap, Pistachio,
poaceous plants, Triticum sativa, weeds (Onder
and Adigiizel, 1979; Lodos et al., 1984; Onder et
al., 2006; Matocq and Ozgen, 2010; Goéziacik,
2012)

Trigonotylus pulchellus (Hahn, 1834)

Distribution of the studies area: Diyarbakir,
Gaziantep, Siirt, Host plant: Light trap, Rocky and
sandy areas, Pistachio, Triticum sativa, Vitis
vinifera, Weeds (Onder and Adigiizel, 1979; Lodos
et al.,, 2003; Onder et al., 2006; Matocq and
Ozgen, 2010)

Tuponia ayasensis Wagner, 1963
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Tuponia lethierryi Reuter, 1875
Distribution of the studies area: Gaziantep,
Host plant: Tamarix sp. (Lodos et al., 2003)

Tuponia eckerleini orientalis Wagner, 1955
Distribution of the studies area: Gaziantep,
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Host plant: Meadow and pasture (Onder et al.,
2006)

Tuponia orientalis Wagner, 1955
Distribution of the studies area: Gaziantep,
Host plant: Tamarix sp. (Lodos et al., 2003)

Tuponia seidenstiickeri Wagner, 1955
Distribution of the studies area: Gaziantep,
Host plant: Tamarix sp. (Lodos et al., 2003)

Tuponia unicolor (Scott, 1872)
Distribution of the studies area: Diyarbakir,
Host plant: Light trap (Onder and Adigiizel, 1979)

Yotvata pulcherrima Linnavuori, 1984
Distribution of the studies area: Siirt, Host
plant: Pistachio (Matocq and Ozgen, 2010)

Zanchius alatanus Hoberlandt, 1955

Distribution of the studies area: Adiyaman,
Diyarbakir, Mardin, Siirt, Sanlurfa, Host plant:
Cotton, Light trap (Onder and Adigiizel, 1979;
Ozpinar and Yiicel, 2002)

Heteropterans regularly cause a wide variety
and large number of problems for humans at
The 37,000
described species of this suborder including many

times on a catastrophic scale.

pests, disease transmitters, and nuisances exist
worldwide, inflicting damage on crops, forests,
orchards, and human life. But, many true bugs are
important predators of insect pests and mites.
Mirids that feed on delphacid planthopper eggs
have been used successfully in classical biological
Other
heteropterans, mostly aquatic and semiaquatic,

control programs. zoophagous

are economically important natural enemies
because they feed, in part, on blood-sucking
Diptera, especially mosquito larvae and. Biological
control programs have to take into account that
some of these predacious species are
cannibalistic, some may damage crops, or may
feed on beneficial arthropods such as pollinators
and spiders. Heteroptera can be serious crop
pests, harmful to humans, or can be valuable as

biological control agents.
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HARRAN TARIM ve GIDA BILIMLERI DERGISI
YAZAR REHBERI

YAZIM KURALLARI

Dergimize gonderilen makaleler Microsoft Office Word uyumlu programlarda
hazirlanmali ve Dergipark Sistemi izerinden online olarak Telif Hakki Devir S6zlesmesi (tim
yazarlar tarafindan imzalanacak) ve Makale Kontrol Listesi (sorumlu yazar tarafindan
imzalanacak) ile beraber gonderilmelidir. Yayinlanmasina karar verilen eserlere yazar(lar)ca
herhangi bir eklenti ya da ¢ikarma yapilamaz. Makale igerisinde dergi basildigi haliyle
gorunen hatalarin sorumlulugu yazara/yazarlara aittir. Yayin Kurulu’ndan kaynaklanan basim
hatalari igin ek diizeltme yayinlanabilir.

Gonderilecek makaleler asagida verilen yazim kurallari gergevesinde hazirlanmalidir.
Aksi halde makaleler, degerlendirilmeye alinmadan yazara/yazarlara iade edilebilir.

MAKALENIN iLK SUNUSU

1. Makale taslagi editore ilk gonderilirken, tim makale ¢ift satir araliginda, kenar bosluklari;
sol, sag, alt ve Ust 3 cm birakilarak, A4 (210 mm x 297 mm) formunda, Microsoft Word
programinda, Calibri yazi karakterinde, 12 punto diiz metin olarak hazirlanmalidir.

2. Her satira ardisik olarak satir numarasi verilmeli ve makalenin ilk sunumunda yazar isimleri
silinmis olmahdir.

3. Hazirlanacak olan makale metni genel olarak; Giris, Materyal ve Metot, Arastirma
Bulgulari ve Tartisma, Sonuglar, Ekler (gerekli ise) ve Kaynaklar bolimlerinden
olusmalidir.

4. Bashk: Kisa ve aciklayici olmali, 14 punto ve koyu, kelimelerin ilk harfi blyik olmall,
ortalanarak yazilmali ve 15 kelimeyi gegmemelidir. ingilizce baslik Tiirkce bashg tam
olarak karsilamali, 12 punto ve koyu yazilmahdir.

5. Oz: Baslik sola yasli olmali, paragraf basinda girinti verilmemelidir. Tiirkge ve ingilizce
Oz/Abstract metni 10 punto olarak yazilmali ve 250 kelimeyi asmamalidir. Tirkce Oz ve
ingilizce Oz (Abstract)'lin hemen altinda en fazla 5 adet anahtar kelime bulunmalidir.

6. Giris: Bu bolimde; calisma konusu, gerekgesi, konu ile dogrudan ilgili 6nceki ¢alismalar ve
¢alismanin amaci verilir. Bu bélimde; calismanin konusu 6zetlenmeli, konu hakkindaki
mevcut bilgi dogrudan iliskili 6nceki ¢alismalarla degerlendirilmeli ve bilgi Uretimine
ihtiyag duyulan hususlar vurgulanip g¢alisma ile iliskilendirilmelidir. Son olarak g¢alismanin
amaci net ve acik bir sekilde ifade edilmelidir.

7. Materyal ve Metot: Bu bolimde; calismada kullanilan canh ve cansiz materyaller,
uygulanan yontemler, degerlendirilen olcitler, uygulanan deneme desenleri veya
ornekleme yontemleri ile istatistiksel analizler gerektiginde kaynaklarla da desteklenerek,
actk ve net bicimde anlatiimalidir. Yeni veya degistiriimis yontemler, ayni konuda
calisanlara arastirmayi tekrarlama olanagi verecek nitelikte aciklanmaldir. Bu amagla
gerektiginde alt bashk kullaniimalidir.

8. Arastirma Bulgulan ve Tartisma: Calismada elde edilen bulgular sekil ve cizelgeler
yardimiyla ve istatistiksel analizlere dayali olarak acik ve net bir bicimde verilmelidir.
istatistiki olarak énemli bulunan faktorler, uygulanan istatistik analiz teknigine uygun
karsilastirma yontemi ile yorumlanarak ilgili istatistikler Gzerinde harflendirme
yapilmalidir. Ayni veriler hem grafik hem de cizelge ile verilmemeli, konuya en uygun arag



secilmeli, anlatimda tekrarlayan ciimle ve ifadelerden kacinilmalidir. Tartisma kisminda,
uyum ve zithk agisindan o6nceki c¢alismalarla karsilastiriimali, doldurdugu bilgi acig
vurgulanmali, dnceki bolimlerdeki ifadelerin oldugu gibi tekrarindan kaginilmalidir.

9. Sonuglar: Bu bolimde; elde edilen nihai sonuglar ve varsa oneriler, bilime ve uygulamaya
katkisiyla birlikte kisa ve 6z olarak verilmelidir.

10. Ekler: Calismayi destekleyen kurum ve kuruluslar ile ¢alismaya katki saglayanlar bu
kissmda ifade edilmelidir. Ayrica, makalenin lisanslstl tezlerden Uretilip Uretilmedigi,
abstract olarak kongre ve sempozyumlarda sunulup sunulmadigi da Ekler boliimiinde
belirtilmelidir.

11. Makalelerde fotograf, grafik, ¢izim vb. “Sekil” olarak, Tablolar ise “Cizelge” olarak ifade
edilmelidir.

12. Cizelge ve Sekiller ardisik olarak numaralandiriimalidir (Sekil 1. veya Cizelge 1.). “Sekil” ve
“Cizelge” icerikleri 10 punto ile hazirlanmalidir.

13. Cizelgelerde satir ve situn basliklari koyu, Diger kisimlar ise normal yazilmahdir.

14. Cizelge baslklar, gizelgenin Ustlinde; sekil basliklari ise sekillerin altinda yazilmalidir.

15. Sekil ve Cizelge basliklarinin ingilizceleri, Tirkce basligin hemen altinda italik olarak
yazilmalidir (Makale ingilizce olarak yazilmissa, Sekil ve Cizelge basliklarinin Tiirkge
karsiliklari yazilmalidir). Ornegin;

Sekil 1. Arastirma bahgesinde tespit edilen ortalama sicaklik, ortalama nispi nem ve aylik
yagis miktari ortalamasi degerleri (2007-2011 yillari ortalamasi)

Figure 1. The average temperature, average relative humidity and average monthly rainfall
data detected in the research orchard (average of the years 2007-2011)

Cizelge 2. Seftali ¢cesitlerinin 2007 - 2011 yillari arasindaki fenolojik gbzlem sonuclari
Table 2. Phenological observation results of peach cultivars for between 2007 and 2011

16. Cizelge ile Sekillerin icerisinde bulunan ana parametrelerin ingilizce karsiliklari bu
parametrelerin hemen altina italik olarak yazilmaldir (Makale ingilizce olarak yazilmissa,
Sekil ve Cizelgelerin icerisinde belirtilen parametrelerin Tirkge karsiliklari yazilmalidir).
Ornegin;

Cizelge 3. Denemede yer alan seftali gesitlerinin bazi pomolojik 6zellikleri

Table 3. Some pomological properties of peach varieties

Gesitler Meyve agirhgi(g)] Meyve eni (mm) | Meyve boyu(mm)|Cekirdek agirligi (g)
Varieties Fruit weight (g) | Fruit width (mm) | Fruit length (mm)| Kernel weight (g)
Cardinal 78.19 ¢ 50.73 b 48.48 ¢ 5.06 b
Cresthaven 129.58 b 61.69 ab 59.56 b 8.31a

Dixired 218.73 a 74.37 a 76.70 a 8.24 ab

17. Makale metni ve Cizelge-Sekil icerisinde bildirilen ondalik rakamlar, nokta, binlik ayiraclar
ise bosluk ile ayrilmalidir. (123.87; 0.987; 1 375 000; 3 558 vb.)
18. Birimler: Makale yaziminda “Uluslararasi Birim Sistemi” (SI)'ne uyulmahdir. Buna gore;
g/l yerine g I'Y, mg/| yerine mg I'! ya da ppm kullaniimalidir. Yuzde ile belirtilen ifadeler



aciklayicr olmalidir. Ornegin; % 3 yerine % 3 (w/v), % 3 (v/v), % 3 (w/w) seklinde
belirtilmelidir.

19. Kisaltmalar ve Semboller: Makale basligi ve basliklarda kisaltma kullaniimamalidir.
Gerekli olan kisaltmalar kavramlarin ilk gectigi yerde parantez iginde verilmelidir.
Kisaltmalarda ve sembollerin kullaniminda ilgili alanin evrensel kurallarina uyulmasi
zorunludur.

20. Formiiller: Makalelerde formdiller “Esitlik” olarak adlandiriimali ve italik olarak
yazilmahdir. Makalede birden fazla esitlik varsa numaralandirilmali, numara formilin
yaninda saga dayali olarak parantez icinde gosterilmelidir.

21. Makalenin ilk hali 25 sayfayr gegmemelidir.

HARRAN TARIM ve GIDA BiLiMLERi DERGISI
REFERANS GOSTERME KURALLARI (APA STiLi)

Metin igerisinde;

» Metin icerisinde kaynak gosterimi (Yazar, yil) esasina gore yapiimalidir.

» Metin igerisinde birden fazla calismaya atif yapilacak ise atiflar kronolojik olarak
siralanmalidir.

> Ikiden fazla yazarin bulundugu kaynaklarin gésteriminde (ilk yazarin soyadi ve ark., yil)
kurali uygulanmalidir.

> Makale ingilizce olarak yazilmissa (ilk yazarin soyadi et al., yil) kurali uygulanmalidir.

» Ayniyazarin ayni yila ait eserlerine atif varsa yildan sonra kiguk harfle belirtilmelidir.

> Ornekler; (Mamay, 2014), (ikinci, 1993; Bolat, 2002), (Fidan ve Eris, 1975), (Kashkuli and
Eghtedar, 1976), (ikinci ve ark., 1995), (Mamay et al., 2015), (Matthews ve Milroy, 2005),
(Mamay, 2015a; Mamay, 2015b).

1. SURELI YAYINLARINA ATIF VERME

1.1. Tek yazarl makale

Mamay, M. (2015). Nar yaprakbiti [Aphis punicae Passerini (Hemiptera: Aphididae)]’ nin
Sanliurfa ili nar bahgelerindeki bulasiklik haritasi. Tiirkiye Entomoloji Biilteni, 5(3), 159-
166.

Mellers, B. A. (2000). Choice and the relative pleasure of consequences. Psychological
Bulletin, 126, 910-924.

Kabapinar, Y. (2002). ilkégretim hayat bilgisi ve sosyal bilgiler 6gretiminde kullanilan ders
kitaplari ve &gretim materyalleri acisindan Tirkiye ve ingiltere érnekleri. Kuram ve
Uygulamada Egitim Bilimleri, 2, 247-270.

1.2. iki yazarli ve her sayisi yeniden numaralandirilan dergide makale
Klimoski, R., ve Palmer, S. (1993). The ADA and the hiring processing organizations.
Consulting Psychology Journal: Practice and Research, 45(2), 10-36.



1.2.1. iki yazar (DOI iceren bir dergi makalesi)

Li, S., ve Seale, C. (2007). Learning to do qualitative data analysis: An observational study of
doctoral work. Qualitative Health Research, 17(10), 1442-1452.
https://doi.org/10.1177/1049732307306924

1.2.1.1. Elektronik dergi makalesi: DOl numarasi olmayan (internetten serbest erisim)

Aygoren, H., Yesilyurt, M., Giloglu, B. ve Kiiciikkaplan, i. (2015). Tiirk bankacilik sektériinde
hisse senedi performansi ve etkinlik arasindaki iliski. Dogus Universitesi Dergisi, 16(2),
203-215. Erisim adresi
https://journal.dogus.edu.tr/ojs/index.php/duj/article/view/914

1.3. Ug ile alti yazarl makale

Mamay, M., Unl{, L., Yanik, E.,, Dogramaci, M., ve ikinci, A. (2016). Efficacy of mating
disruption technique against Carob Moth, Apomyelois ceratoniae Zeller (Lepidoptera:
Pyralidae) in pomegranate orchards in Southeast Turkey (Sanhurfa). International
Journal of Pest Management, 62(4), 295-299.

Soywitz, K. J., Mannarino, A. P., Berliner, L., ve Cohen, J. A. (2000). Treatment for sexually
abused children and adolescents. American Psychologist, 55, 1040-1049.

Barnard, R., de Luca, R., ve Li, J. (2015). First-year undergraduate students’ perceptions of
lecturer and peer feedback: A New Zealand action research project. Studies In Higher
Education, 40(5), 933-944. https://doi.org/10.1080/03075079.2014.881343

Ikinci, A., Mamay, M., Unlu, L., Bolat, I. ve Ercisli, S. (2014). Determination of heat
requirements and effective heat summations of some pomegranate cultivars grown in
Southern Anatolia. Erwerbs-Obstbau, 56(4), 131-138.
https://doi.org/10.1007/s10341-014-0220-8

1.4. Altidan daha fazla yazarl makale

Kasabov, N., Scott, N. M., Tu, E., Marks, S., Sengupta, N., Capecci, E., . . . Yang, J. (2016).
Evolving spatio-temporal data machines based on the NeuCube neuromorphic
framework: Design methodology and selected applications. Neural Networks, 78, 1-14.
https://doi.org/10.1016/j.neunet.2015.09.011

Rosler, A., Ulrich, C., Billino, J., Sterzer, P., Weidauer, S., Bernhardt, T., ... Kleinschmidt, A.
(2005). Effects of arousing emotional scenes on the distribution of visuospatial
attention: Changes with aging and early subcortical vascular dementia. Journal of the
Neurological Sciences,229, 109-116. doi:10.1016/j.jns.2004.11.007

1.5. Magazinde makale
Kandel, E. R., ve Squire, L. R. (2000, November 10). Neuroscience: Breaking down scientific
barriers to the study of brain and mind. Science, 290, 1113-1120.



1.7. Biiltende makale
Brown, L. S. (1993, Spring). Antidomination training as a central component of diversity in
clinical psychology education. The Clinical Psychologist, 46, 83-87.

1.8. Orijinal kaynak olarak 6z (abstract)

Woolf, N. J,, Young, S. L, Fanselow, M. S., ve Butcher, L. L. (1991). MAP-2 expression in
cholinoceptive pyramidal cells of rodent cortex and hippocampus is altered by
Pavlovian conditioning [Abstract]. Society for Neuroscience Abstracts, 17, 480.

1.9. Siireli yayinlanan bir kaynaktan alinan 6z (abstract)

Nakazato, K., Shimonaka, Y., ve Homma, A. (1992). Cognitive functions of centenarians: The
Tokyo Metropolitan Centenarian Study. Japanese Journal of Developmental
Psychology, 3, 9-16. Abstract obtained from PsycSCAN: Neuropsychology, 1993, 2,
Abstract No. 604.

1.10. ikinci dereceden bir kaynaktan alinti
Coltheart, M., Curtis, B., Atkins, P., ve Haller, M. (1993). Models of reading aloud: Dual-route
and parallel-distributed-processing approaches. Psychological Review, 100, 589-608.

1.11. Ayni yazarin iki ve daha fazla ¢alismasi kullanilmissa; kaynaklar tarih sirasina gére
dizilmelidir:

Berndt, T. J. (1981).

Berndt, T. J. (1999).

1.12. Eger yazar bir ¢calismada tek yazar ve baska ¢alismada ortak yazar ise, énce tek

yazarli olan ¢alisma listelenmelidir:

Berndt, T. J. (1999). Friends' influence on students' adjustment to school. Educational
Psychologist, 34, 15-28.

Berndt, T. J. ve Keefe, K. (1995). Friends' influence on adolescents' adjustment to school.
Child Development, 66, 1312-1329.

1.13. Eger bir yazarin farkl yazarla yayimladigi eserler varsa, siralama alfabetik olarak

ikinci veya sonraki isme bagli olarak yapilir:

Wegener, D. T., Kerr, N. L., Fleming, M. A., ve Petty, R. E. (2000). Flexible corrections of juror
judgments: Implications for jury instructions. Psychology, Public Policy, and Law, 6,
629-654.

Wegener, D. T., Petty, R. E., ve Klein, D. J. (1994). Effects of mood on high elaboration
attitude change: The mediating role of likelihood judgments. European Journal of
Social Psychology, 24, 25-43.



1.14. Bir yazarin ayni yil yayimlanmis iki veya daha fazla ¢alismasi varsa, (a, b, c) gibi
harfler kullanilir:
Berndt, T. J. (1981a). Age changes and changes over time in prosocial intentions and
behavior between friends. Developmental Psychology, 17, 408-416.
Berndt, T. J. (1981b). Effects of friendship on prosocial intentions and behavior. Child
Development, 52, 636-643.

2. KITAPLAR, BROSURLER, KiTAP BOLUMLERINE ATIF VERME

2.1. Kaynak kitap ise,

Mohsenin, N. N. (1970). Physical Properties of Plant and Animal Materials. New York:
Gordon and Breach Science Publishers.

Hesapcioglu, M. (2001). Tiirkiye’de makro diizeyde insan kaynaklarinin planlanmasi. Ankara:
Ani Yayincilik.

Freeman, Y. S. ve Freeman, D. E. (1996). Teaching, reading, and writing in Spanish in the
bilingual classroom. Portsmouth, NH: Heinemann.

Wills, G. (1994). Certain trumpets: The call of leaders. New York, NY: Simon ve Schuster.

Mayer, G., ve McDonald, B. (2007). Encyclopedia of film. Westport, CT: Greenwood Press.

Smith, S., Ladd, R. E., ve Pasquerella, L. (2008). Ethical issues in home health care.
Springfield, IL: Charles C. Thomas.

Ranzijn, R., McConnochie, K. ve Nolan, W. (2009). Psychology and indigenous Australians:
Foundations of cultural competence. South Yarra, Vic: Palgrave Macmillan.

Alti veya daha fazla yazar oldugunda, ilk 6'y1 yukaridaki gibi siralayiniz, ii¢ nokta koyunuz
(...) ve son yazari ekleyiniz.

Jones, R, Fields, S. A., Lawrence, O., Florin, A., Herbst, K. D., Sillick, N. S., ...Lloyd, B. (2009).
Optimizing personal influence. New York, NY: McGraw-Hill.

2.2. Kaynak kitaptan bir boliim ise,

Author, A. A. (Year). Chapter title. In E. E. Editor (Ed.), Title of book: And subtitle (pp. pages).
Place: Publisher.

Walstra, P., Van Vliet, T. ve Bremer, C.G.B. (1990). On the fractal nature of particle gels. In E.
Dickinson (Ed.), Food polymers, gels and colloids (pp. 369-382). Norwich, UK: The Royal
Society of Chemistry.

Kejanhoglu, B. (2005). Medya calismalarinda kamusal alan kavrami. Meral Ozbek (Ed.),

Kamusal alan iginde (s. 689-713). istanbul: Hil.

2.3. Birden ¢ok baskisi olan kitap
Strunk, W. Jr. ve White, E. B. (2000). The elements of style (4. Baski). New York: Longman.



Passer, M. W. ve Smith, R. E. (2015). Psychology: The science of mind and behaviour (2nd
ed.). North Ryde, NSW: McGraw-Hill Education.

2.4. Editorli kitap
Yesilyaprak, B. (Ed. ). (2003). Gelisim ve égrenme psikolojisi. Ankara: Pegema Yayincilik.

Saracho, N. ve Spodek, B. (Eds.). (2007). Contemporary perspectives on social learning in
early childhood education. Charlotte, NC: Information Age Publishing.

2.5. Kitaptan bir boliimii kaynak gosterme;

Author, A. A. (Year). Chapter title. In E. E. Editor (Ed.), Title of book: And subtitle (pp. pages).
Place: Publisher.

Walstra, P., Van Vliet, T. ve Bremer, C.G.B. (1990). On the fractal nature of particle gels. In E.
Dickinson (Ed.), Food polymers, gelsand colloids (pp. 369-382). Norwich, UK: The Royal
Society of Chemistry.

2.6. Yazari bilinmeyen kaynaklari veya internet kaynaklarini kaynak olarak gosterme;
Anonymous (2005). Tereyag, diger sit yagi esash surilebilir Grlinler ve sadeyag tebligi. Tiirk
Gida Kodeksi, Teblig No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from:
http://faostat.fao.org/site/567/default.asp.

3. YUKSEK LISANS ve DOKTORA TEZLERINE ATIF VERME
Doktora ya da ylksek lisans tezlerine elektronik veri tabanlarindan, kurumsal
arsivlerden ve kisisel web sayfalarindan erisilebilir. Eger bir teze ProQuest doktora ve yiksek
lisans tezleri veri tabanindan ya da diger bir kaynaktan erisildiyse atifta bu bilgi verilmelidir.
Bir veri tabani servisinde mevcut olan bir doktora ya da yliksek lisans tezi icin asagidaki
kaynak gésterme bigimi kullanilir:
Yazar, A. A. (Yil). Doktora ya da yiiksek lisans tezinin basldi (Yiiksek lisans tezi/Doktora tezi).
.. veri tabanindan erisildi (Erisim ya da Siparis No.).

Yayimlanmamis bir doktora ya da yliksek lisans tezi icin asagidaki kaynak gosterme
sekli kullanihr:

Yazar, A. A. (YIl). Doktora ya da yiiksek lisans tezinin bashgi (Yayimlanmamis doktora
tezi/yuksek lisans tezi). Kurum adi, Yer bilgisi.

3.1. Yayimlanmamis tez
Cetinkaya, S. (2015). Stochastic mortality using non — life methods. (Yayimlanmamis doktora
tezi). Dogus Universitesi Sosyal Bilimler Enstitiist, istanbul



Celik, S. (1999). Universite kiitiiphanelerinde personel ydénetimi ve Tiirkiye’de durum.
(Yayimlanmamis yiiksek lisans tezi). istanbul Universitesi Sosyal Bilimler Enstitiisii
Kitiiphanecilik Anabilim Dali, istanbul.

Almeida, D. M. (1990). Fathers’ participation in family work: Consequences for fathers' stress
and father-child relations. (Unpublished master’s thesis). University of Victoria,
Victoria, British Columbia, Canada.

Wilfley, D. E. (1989). Interpersonal analyses of bulimia: Normal-weight and obese.
(Unpublished doctoral dissertation). University of Missouri, Columbia.

Bikmaz, F. (2001). ilkégretim 4 ve 5. sinif égrencilerinin fen bilgisi dersindeki basarilari ile
iliskili cesitli faktérler. (Yayimlanmamis doktora tezi). Ankara Universitesi Sosyal
Bilimler Enstitlsii, Ankara.

3.2. Yayimlanmis tez
May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol, UK: Canopus
Publishing.

3.3. Elektronik tez: Elektronik veri tabaninda argivienmis

Rich, P. D. (1989). The rule of ritual in the Arabian Gulf, 1858-1947: The influence of English
public schools (Doktora tezi). Erisim adresi ProQuest Dissertations and Theses — UK ve
Ireland. (AAT 8918197)

3.4. Elektronik tez: Kurumsal arsivde arsivlenmis

Bilir, C. (2014). Supply chain network optimization model incorporating competitive facility
location problems. (Doktora tezi, Dogus Universitesi, istanbul). Erisim adresi
https://hdl.handle.net/11376/1039

Tonta, Y. A. (1992). An analysis of search failures in online library catalogs (Doktora tezi,
Kaliforniya Universitesi, Berkeley). Erisim adresi:
http://yunus.hacettepe.edu.tr/~tonta/yayinlar /phd/ickapak.html

4. SEMPOZYUM VE TOPLANTI BILDIRILERINE ATIF VERME

4.1. Basilmis konferans kitabinda bildiri

Game, A. (2001). Creative ways of being. J. R. Morss, N. Stephenson ve J. F. H. V. Rappard
(Ed.), Theoretical issues in psychology: Proceedings of the International Society for
Theoretical Psychology 1999 Conference iginde (3-12. ss.). Sydney: Springer.

Deci, E. L, ve Ryan, R. M. (1991). A motivational approach to self: Integration in personality.
In R. Dienstbier (Ed.), Nebraska Symposium on Motivation: Vol. 38. Perspectives on
motivation (pp. 237-288). Lincoln: University of Nebraska Press.



4.2. Basilmis konferans kitabinda bildiri: Editorii olmayan

Dogdas, T. ve Akyokus, S. (2013). Document clustering using GIS visualizing and EM
clustering method. 2013 IEEE International Symposium on Innovations in Intelligent
Systems and Applications (INISTA) icinde (1-4. ss.). Piscataway, NJ: IEEE.
https://dx.doi.org/10.1109/INISTA.2013.6577647

4.3. Elektronik konferans kitabinda bildiri: Elektronik veri tabani

Balakrishnan, R. (2006, March). Why aren’t we using 3D user interfaces, and will we ever?
Paper presented at the |IEEE Symposium on 3D User Interfaces.
https://dx.doi.org/10.1109/vr.2006.148

4.4. Yayimlanmamig konferans bildirisi

Santhanam, E., Martin, K., Goody, A. ve Hicks, O. (2001). Bottom-up steps towards closing
the loop in feedback on teaching: A CUTSD project. Paper presented at Teaching and
Learning Forum — Expanding horizons in teaching and learning, Perth, Australia, 7-9
February 2001.

Not: Yukarda yer alan kaynak gosterimlerde bulamadiginiz farkli materyal veya konu
basliklarindaki kaynak gosterimleri igin internetteki APA Kaynak Gosterimi ile ilgili web
sayfalarindan ya da asagidaki linkteki bilgilerden yararlanabilirsiniz.

Sencan, i., ve Dogan, G. (2017). Bilimsel yayinlarda kaynak gdsterme, tablo ve sekil olusturma
rehberi: APA 6 Kurallari. Tiirk Kitiphaneciligi Dergisi, Ankara.

https://www.tk.org.tr/APA/apa_2.pdf

YAYINA KABUL EDILEN MAKALELERIN YAZIM KURALLARI

1. Makalenin Kenar bosluklari; sol, sag, alt ve Gst 3 cm olmalidir. Sayfa yapisi A4 (21 cm x
29.7 cm) kagit ebatlarina uygun ayarlanmalidir.

2. Yayina kabul edilen makaleler, Calibri yazi karakterine gore 12 punto olarak diizenlenmeli
ve satir numaralar kaldiriimalidir. Oz ve Abstract metinleri, 10 punto (normal, diiz ve
ortal) yazilmadir.

3. Tiirkge bashk 14 punto (koyu ve ortal) kigik harflerle (kelimenin ilk harfi buyik) ve diz
yazilmalidir. ingilizce bashk 12 punto (koyu ve ortal) yazilmalidir.

4. Yazar isimleri, Turkce baslk sonrasi 12 punto (koyu, ortal ve diiz) ve bir bosluk birakilarak
yazilmahdir.

5. Yazar isimlerinin sonuna adres igin Ust simge olarak rakam, sorumlu yazari belirtmek igin
ise * simgesi verilmelidir.

6. Adres satiri, yazar isimleri sonrasinda 1 bosluk birakilarak 10 punto (normal, diiz ve ortah)
yazilmali ve adres satirinin sonuna parantez igcinde yazarin ORCID numarasi yazilmalidir.

7. Adres satirlarinin altina sorumlu yazarin e-posta adresi belirtilmelidir.

8. Oz ile Anahtar Kelimeler ve Abstract ile Key Words arasinda tek satir bosluk birakilmalidir.



9. Anahtar Kelimeler ve Key Words sozciikleri paragraf yapilmadan sola yash, koyu, 10
punto ve tek siitun olarak yazilmalidir.

10. Sorumlu yazar e-posta adresi satiri ile Oz arasindaiki bosluk birakilmaldir. Ayrica,
Anahtar Kelimeler ile ingilizce baslik arasinda da iki bosluk birakilarak yazilmahdir. Oz ve
Abstract 10 punto, tek satir, diiz ve tek stitun olarak yazilmalidir.

11. Oz, Anahtar Kelimeler, Abstract ve Key Words paragraf yapilmadan koyu yazilmalidir.
Anahtar Kelimeler ve Key Words diiz ve sola dayali yazilmalidir.

12. Key Words ile ana metin (Giris) arasinda iki satir bosluk birakilmalidir. Metin yaziminda
12 punto Calibri yazi karakteri kullanilmahdir.

13. Metin ana basliklari 12 punto Calibri (kelimelerin ilk harfi bliylik, koyu) kullanilarak
yazilmahdir. Alt basliklar 12 punto italik ve kelimelerin ilk harfi biiylk yazilmahdir.

14. Ana ve alt basliklarda numaralandirma kullanilmamalidir. Metin ana basliklari ile metin
baslangici ve sonu arasinda 1’er bosluk birakilmalidir.

15. Cizelge basliklari, gizelgenin Gstinde; sekil basliklari ise seklin altinda 10 punto (asili), ilk
harfleri buylik yazilmalidir. Satir araliklari 1.15 olmalidir.

16. Cizelge ve Sekillerden 6nce ve sonra bir satir bosluk birakilmahdir. Sekil ve Cizelgelerin
icerikleri 10 Punto olacak sekilde diizenlenmelidir.

17. Kaynaklar 10 Punto ile yazilmal, satir araligi 1.0 olmalidir. Kaynaklar diizenlenirken,
kaynagin ilk satiri sol bastan baslamali diger satirlari ise 1 cm iceride (askida) olmalidir.

18. Yayinlanmasina karar verilen eserler, sadece sekilsel olarak, yukarida yer alan bilgiler
dogrultusunda yeniden dizenlenmeli, yazar(lar)ca herhangi bir eklenti ya da cikartma
yaptimamalidir.

19. Makale igerisinde, dergi basildigi haliyle gériinen hatalarin sorumlulugu yazar(lar)a aittir.
Yayin Kurulundan kaynaklanan basim hatalari icin ise dlizeltme yayinlanabilir.

20. Eserlerin tim sorumlulugu yazarlarina aittir. Eserler bilim etigi ilkelerine uygun olarak
hazirlanmali, gerekliyse Etik Kurul Raporu’nun kopyasi eklenmelidir.

Yazarlarin, http://dergipark.gov.tr/harranziraat web sayfasindaki Harran Tarim ve Gida
Bilimleri Dergisi’nin son sayilarinda yayinlanmis makaleleri inceledikten sonra,
makalelerini baskiya hazir hale getirmeleri onerilir.

BASIM GiDERi VE DERGI HESAP BIiLGILERi

Harran Tarim ve Gida Bilimleri Dergisi’'ne gonderilen makale yayina kabul edildikten
sonra, basim gideri olarak 100 TL'lik meblagin asagida belirtilen dergi hesabina yatirilmasi
gerekmektedir. Basim (creti, az gelismis (lkelerden gelen makaleler icin talep edilmeyebilir.
Yatirilan iicrete ait dekont, Dergipark sisteminden Harran Tarim ve Gida Bilimleri Dergisi'ne
kullanici bilgileriyle giris yapilarak “PDF formatinda” yiklenmelidir.

Harran Universitesi Ziraat Fakiiltesi Tarim ve Gida Bilimleri Dergisi
Turkiye Is Bankasi Harran Universitesi Subesi, SANLIURFA
Hesap No : 6705-0010252

IBAN . TR62 0006 4000 0016 7050 0102 52
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HARRAN JOURNAL OF AGRICULTURAL AND FOOD SCIENCES
GUIDE FOR AUTHORS

INSTRUCTION FOR AUTHORS

All manuscripts submitted to our journal for publication should be prepared using
softwares compatible with Microsoft Office based programs and sent online through
Dergipark with final checklist (signed by corresponding author) and copyright release form
(after signed by all authors) attached. No modification is possible in manuscripts after the final
publication decision has been made. All responsibility for any mistakes still standing in the
manuscrips after published belongs to the author/s. Additional corrections may be issued for
errors arised from the publication committee.

Manuscripts must be prepared to comply with the following rules otherwise, they are
turned down and returned to the author/s without any consideration for publication.

SUBMITTING THE MANUSCRIPT FOR THE FIRST TIME

1. Manuscripts should be typed double spaced throughout using Microsoft Word Software
on A4 papers (210 mm x 297 mm) with Calibri font 12 pt. and 3 cm margins on all sides.

2. All lines should be numbered in the left-hand margin and author affiliations should be
blinded for the first time the manuscript has been submitted.

3. Manuscripts should include the following sections; Introduction, Material and Methods,
Results and Discussion, Conclusions, Appendices (if needed), and References.

4. Title must be short, specific, and informative as well as typed using Calibri font 14 pt.
bold and adjusted at the middle, each word starting with capital letter. Title should
include no more than 15 words. English translation must be as close as possible to the
title written in Turkish, typed using 12 pt font in bold.

5. Abstract:Title tothe abstract must start next to the left-hand margin with no indentation.
Abstract both in Turkish and English must be type using 10 pt. and include no more than
250 words. There must be no more than 5 key words placed underneath the abstracts (in
Turkish and English).

6. Introduction: This section should include the objective, justification and the scope of the
research as well as previous works that directly relate to it. In this section the objective
must be summarized, evaluating the current knowledge, based on relevant previous work
and issues needed to develop new information should be emphasized and associated to
the research. Finally, the aim of the study should be clearly stated.

7. Materialand Methodology: This section should clearly include the material (either live or
lifeless) used, methods applied, criteria evaluated, block designs or sampling methods
used, and statistical analyses carried out as well as references backing the reasearch. New
and modified methods should be well described so that researchers of the same
specialization may have a chance to repeat the study. Subtitles may be used, if necessary,
to serve this purpose.

8. Results and Discussion: Study findings must be demostrated clearly using tables and
figures, based on the results from statistical analyses. Findings of statistical importance
should be interpreted using an appropriate comparison procedure suitable for the
statistical anaysistechnique applied in the study. Such statistics should be assigned letters
to show the level of statistical importance. The same data should not be given both in



tables and figures and thus the most appropriate tools need to be chosen,
avoiding duplicate sentences and statements in written narration. in the discussion
section, comparisons should be made in terms of harmony and contrast with the
previous studies and specific attention should be drawn to the lack of knowledge the
study removes.

9. Conclusions: This section should include concisely the final results and implications, if
any, along with their contribution to the theory and practice.

10. Appendices: Institutions supporting the study should be cited in this section.
Additional information should be given in the appendix section if the manuscript
applied for publication in HJAFS has been based on theses and/or dissertations and
if it has been presented in symposia.

11. Photographs, graphics and drawings should be inserted in the manuscripts as
“Figures” and tabulations be arranged as “Tables”.

12. Tables and Figures should be consecutively numbered (e.g., Figure 1 or Table 1 etc.),
with their contents typed using font 10 pt.

13. Titles of the rows and columns in Tables must be typed in bold and other sections
typed with plain letters.

14. Titles of Tables should be placed above and of Figures be placed below them.

15. English translations to the titles of Tables and Figures must go right below their
Turkish counterparts, typed in italic (in case the manuscript has been drafted in
English, Turkish translations of the titles of Tables and Figures must be included) such
as;

Figure 1. The average temperature, average relative humidity and average monthly
rainfall data detected in the research orchard (average of the years 2007-2011)

Sekil 1. Arastirma bahgesinde tespit edilen ortalama sicaklik, ortalama nispi nem ve aylik
yadis miktan ortalamasi degerleri (2007-2011 yillari ortalamasi)

Table 2. Phenological observation results of peach cultivars for between 2007 and 2011
Cizelge 2. Seftali gesitlerinin 2007 - 2011 yillari arasindaki fenolojik gézlem sonuglari

16. English translations to main parameters found in Tables and Figures must go under
these parameters, typed using italic letters (in case the manuscript has been drafted in
English, parameters found in Tables and Figures should be accommodated with
their Turkish translations, such as;

Table 3. Some pomological properties of peach varieties
Cizelge 3. Denemede yer alan seftali ¢esitlerinin bazi pomolojik ézellikleri

Cesitler Meyve agirlig Meyve eni Meyve boyu Cekirdek agirhgi
(8) (mm) (mm) (g)
Varieties Fruit weight Fruit width Fruit length Kernel weight
(9) (mm) (mm) (q)
Cardinal 78.19 ¢ 50.73 b 48.48 ¢ 5.06 b
Cresthaven 129.58 b 61.69 ab 59.56 b 8.31a
Dixired 218.73 a 74.37 a 76.70 a 8.24 ab




17. Decimal numbers in the manuscripts as well as in Tables/Figures must be separated
using a dot (.) and thousands digits must be separated with a space (e.g., 123.87;
0.987; 1 375 000; 3 558 etc.).

18.Units: International Unit System (SI) must be followed in drafting manuscripts. And
so, instead of using g/l and mg/l, g I'* and mg I"! or ppm (parts per million) notations
must be used. Percentages must be explanatory such as, instead of using 3 %, 3 %
(w/v), 3 % (v/v),
and 3 % (w/w) etc. must be used.

19. Abbreviations and Symbols: Titles of all sorts should include no abbreviations.
Necessary abbreviations may be placed in parentheses, where concepts are first
encountered. Abbreviations and Symbols must comply with the general rules of the
relevant study field.

20. Formulae: The formulae must be referred to as “Equality” throughout the manuscript
and typed in italic. Multiple formulae, if any, should be numbered consecutively with
their numbers placed in parentheses next to them, squeezed to the right-hand margin.

21. First draft of the manuscript should not exceed 25 pages.

Citation Examples

It was taken from Murdoch University Web Site.
Source: https://libguides.murdoch.edu.au/APA/examples

Single author

e The short references within the text are given wholly or partly in round brackets.
e Use only the surname of the author followed by a comma and the year of publication:
(Matthews, 1999)

e Include page, chapter or section numbers if you need to be specific. The abbreviation for
page is p. and the abbreviation for pages is pp.:

Matthews discusses the role of drawings in the psychological evaluation of children (1979,
pp. 34-35). OR

... in the psychological evaluation of children has been studied elsewhere (Matthews, 1979,
pp. 34-35).

Two authors

e Cite both authors every time you cite within the text.

e Separate the the authors' names in the citation with an "&":
(Lawson & Green, 1997, pp. 34-35)

e When the authors' names are incorporated into the text the "&" is replaced with "and".
Always cite both names every time the reference occurs in the text:

Lawson and Green (1997, pp. 34-35) were unable ...



Three or more authors

e The first citation in the text of a work with three, four or five authors gives the surnames of
all the authors:

Wasserstein, Zappulla, Rosen, Gerstman, and Rock (2004, p. 301) have found ... OR

... as has been found in a previous study (Wasserstein, Zappulla, Rosen, Gerstman, & Rock,
2004, p. 301).

e In subsequent citations in the text, only the surname of the first listed author is used,
followed by the expression "et al." which means "and others":

Wasserstein et al. (2004, p. 301) have found...

e |f there are six or more authors, only the surname of the first author is used, followed by et
al.:

Littlewood et al. (1997) have found ... OR

... as has been previously demonstrated (Littlewood et al., 1997).

Volume numbers included

¢ Include volume numbers within the citation between the year and the page numbers.
e |[f more than one volume is given separate with a ";":

This theory is dealt with in detail by Brysen (2003, vol. 2, p. 23; vol. 3, pp. 17-36).

Authors with the same surname

e Make a distinction between authors with the same surname by including the author's
initials.

e |f the author's surname is incorporated in the text place the initials before the surname; if
itis a citation within brackets the initials follow the surname:

The theory was propounded in 1970 (Larsen A.E., 2001) ...

M.K. Larsen (2003) is among those ...

Multiple works by the same author in the same year

e A distinction is made by adding lower case letters, a, b, ¢, etc. to the date.

e These letters are also included in the full reference in the reference list to distinguish
between the two documents:

Bursch (2005a) described how the yak made transport possible in the high mountains of
Inner Asia, as did the llama in the Andes of South America (Bursch, 2005b).

Corporate author
e These are works without a personal author.

e Corporate authors may be associations, agencies like government departments,
corporations or organisations.

e Names of organisations should be given in full the first time they are cited within the text.



e In subsequent citations, these names may be abbreviated in the text if the abbreviation is
meaningful or well known:

(CSIRO, 1999) ...
As predicted by the Centre of Independent Studies (1997) ...
More than one work cited

e List all sources of information either in the text or within the citation separated by a
semicolon (;):

(Haddon, 1999; Larsen, 1991) ...
Haddon (1999) and Larsen (1991) demonstrated that ...
(Haddon, 1999, vol. 3, p. 734; Larsen, 1991, p. 11)

No author

e When a work has no author or the author is anonymous, cite in the text the first few words
of the reference list entry (usually the title) and the year.

e Use italics for the title:

This was apparently not the case in seventeenth-century England (On Travelling to London,
1683) ... OR

On Travelling to London (1683) reveals that this was not true.

No date of publication

e Use the abbreviation n.d. to indicate that no date of publication is given:
Carruthers (n.d.) has suggested ... OR

(Carruthers, n.d.)

Newspapers

e |f the author of the article is named, cite in the normal way with the author and date. If
there is no author given, cite the newspaper title in italics.

e Include the specific date as well as year and page or section numbers if appropriate:
(Canberra Times, 24 Jan. 1997, p. B6) ...
The Weekend Australian (24-25 Jan. 1997, p. 19) reported ...



a. ReferencelJournal Articles;
References must be arranged in alphabetical order and the title of the Journal must be
typed in italic.

Articles with a single author

Mamay, M. (2015). Nar yaprakbiti [Aphis punicae Passerini (Hemiptera: Aphididae)]’nin Sanlurfa
ili nar bahcelerindeki bulasiklik haritasi. Tiirkivye Entomoloji Biilteni, 5(3), 159-166.

Mellers, B. A. (2000). Choice and the relative pleasure of consequences. Psychological Bulletin,
126(3), 910-924.

Kabapinar, Y. (2002). ilkégretim hayat bilgisi ve sosyal bilgiler 6gretiminde kullanilan ders
kitaplari ve &gretim materyalleri agisindan Tirkiye ve ingiltere érnekleri. Kuram ve
Uygulamada Egitim Bilimleri, 2, 247-270.

Articleswith two authors

Klimoski, R., ve Palmer, S. (1993). The ADA and the hiring processing organizations. Consulting
Psychology Journal: Practice and Research, 45(2), 10-36.

Basunia, M. A., ve Abe, T. (2001). Thin-layer solardrying characteristics of rough rice under
natural convection. Journal of FoodEngineering, 47(4), 295-301.

Mamay, M., ve Unli, L. (2013). Sanliurfa ili nar bahgelerinde Harnup giivesi, Apomyelois
ceratoniae Zell. (Lepidoptera: Pyralidae)'nin ergin popilasyon gelisimi ve zarar
oraninin belirlenmesi. Tiirkiye Entomoloji Biilteni, 3(3), 121-131.

Articleswith three to six authors

Barnard, R., de Luca, R., ve Li, J. (2015). First-year undergraduate students’ perceptions of
lecturer and peer feedback: A New Zealand action research project. Studies In Higher
Education, 40(5), 933-944. https://doi.org/10.1080/03075079.2014.881343

Ikinci, A., Mamay, M., Unlu, L., Bolat, I. ve Ercisli, S. (2014). Determination of heat requirements
and effective heat summations of some pomegranate cultivars grown in Southern
Anatolia. Erwerbs-Obstbau, 56(4), 131-138. https://doi.org/10.1007/s10341-014-0220-8

Mamay, M., Unli, L., Yanik, E., Dogramaci, M., ve ikinci, A. (2016). Efficacy of mating disruption
technique against Carob Moth, Apomyelois ceratoniae Zeller (Lepidoptera: Pyralidae) in
pomegranate orchards in Southeast Turkey (Sanlurfa). International Journal of Pest
Management, 62(4), 295-299.

Soywitz, K. J., Mannarino, A. P., Berliner, L., ve Cohen, J. A. (2000). Treatment for sexually abused
children and adolescents. American Psychologist, 55, 1040-1049.

Articleswith more than six authors

Kasabov, N., Scott, N. M., Tu, E., Marks, S., Sengupta, N., Capecci, E., . . . Yang, J. (2016).
Evolving spatio-temporal data machines based on the NeuCube neuromorphic
framework: Design methodology and selected applications. Neural Networks, 78(2), 1-
14. https://doi.org/10.1016/j.neunet.2015.09.011

b. Citingbooks;
Mohsenin, N. N. (1970). Physical Properties of Plant and Animal Materials. New York: Gordon
and Breach Science Publishers.
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