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Summary: This study was carried out with 656 Hysex-Brown layer hen with 58 weeks old. 2 x 4 Multifactorial test
setup was used. Egg production, daily feed consumption, feed conversion ratio, egg weight, damaged egg ratio, body
weight and specific gravity datas were examined in laying hens fed at different times and raised at different stocking
density. Hens placed in cages as 412.5 and 495 cm?hen and formed 8 groups and feeds were given at 06:00, 9:30,
06:00-06:30 and 09:30-13:30h. The trial was continued for 60 days. At the end of the experiment, it was determined
that there was a statistically significant difference between the groups in terms of egg production, daily feed consump-
tion and feed conversion ratio (P<0.05), and there was no difference in egg weight, damaged egg ratio, body weight
and specific gravity (P>0.05). It was determined that egg production was the highest and feed consumption and feed
conversion ratio was the lowest in groups with a frequency of 495 cm?/chicken and fed at one time at 09:30h. Egg
production was the lowest and feed conversion ratio was highest in groups with a frequency of 412.5 cm?hen and fed
at 09:30-13:30h. It was also determined that feeding two times at 06:00h and 06:30h increased the feed consumption,
but feeding one time at 09:30h decreased the feed consumption.

Key words: Laying hens, feeding time, performance, stocking density

Yemleme Zaman ve Kafes Yogunlugunun Yumurta Tavuklarinda Performans Uzerine Etkisi
Ozet: Bu arastirma 58 haftalik yasta toplam 656 adet Hysex-Brown yumurtaci tavuk kullanilarak yiriitiildii. Arastirma-
da 2 x 4 multifaktoriyel deneme diizeni olusturuldu. Farkli zaman ve siklikta yetistirilen tavuklarda yumurta verimi, giin-
Iik yem tiketimi, yemden yararlanma orani, yumurta agirhgi, hasarli yumurta orani, canh agirlik ve spesifik gravite
verileri incelendi. Kafeslere 412.5 ve 495 cm?/tavuk olacak sekilde yerlestirilen ve 8 grup olusturulan tavuklara yemler
saat 06:00, 09:30, 06:00-06:30; 09:30-13:30’da verildi. Deneme 60 gln surdirildi. Deneme sonunda gruplar arasinda
yumurta verimi, ginlik yem tiiketimi ve yemden yararlanma oranlari bakimindan istatistiksel farkliligin oldugu
(P<0.05), yumurta agirhgi, hasarli yumurta orani, canh agirlik ve spesifik gravite bakimindan ise herhangi bir farkhhgin
olmadigi tespit edildi (P>0.05). Yerlesim sikligi 495 cm?/tavuk olan ve saat 09:30’da tek seferde yemlenen gruplarda
yumurta veriminin en yiksek, yem tiketimi ve yemden yararlanma oraninin ise en disik oldugu tespit edildi. Yerlesim
sikigr 412.5 cm?/tavuk olan ve saat 09:30-13:30’da yemlenen gruplarda yumurta veriminin en diisiik, yemden yararlan-
ma oraninin ise en yuksek oldugu belirlendi. Ayrica tavuklari 06:00 ve 06:30’da olmak uzere iki 6ginde yemlemenin
yem tlketimini artirdi§i, sabah saat 09:30’da tek seferde yemlemenin ise yem tiiketimini azalttigi tespit edildi.
Anahtar kelimeler: Kafes yogunlugu, performans, yemleme zamani, yumurta tavugu
Introduction are conflicting results about effects of cage density
on poultry production. Reduced cage space has been

There are many nutrition and management factors reported to decrease egg production, egg weight, and

affecting the egg production and quality (Owings,
1981). Feeding the hens in different times of the day
and cage density affect production considerably
(Taherkhani et al., 2010; Asghar Saki et al., 2012;
Soltanmoradi et al., 2014). Cage density means that
cage space per bird is decreased when bird numbers
are increased per cage, whereas bird population per
se means a change in space with increasing bird
numbers per cage (Asghar Saki et al., 2012). There

Gelis Tarihi/Submission Date :28.01.2020
Kabul Tarihi/Accepted Date  : 16.06.2020

feed consumption and increase mortality (Rodenburg
et al., 2005). Dorminey and Arscott, (1971), Leeson
and Summers, (1984) and Mtileni et al., (2007) repor-
ted that eggs produced by birds kept at the high stoc-
king density were heavier than those produced by
birds at the low stocking density. However, Anderson
and Adams (1992) observed no effect of stocking
density (221, 249, 277, and 304 cm? per bird) on
body weight when cage population and feeder and
drinker spaces were held constant. Asghar Saki et
al., (2012) reported that egg weight did not signifi-
cantly increase by reducing the cage density of hens
from 3 to 2 hens per cage. Same results were repor-
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ted in other studies (Sohail et al., 2004; Onbasilar
and Aksoy, 2005).

Spesific gravity may serve as an indicator of egg
shell quality and is affected by changing the feeding
time (Farmer et al.,1983; Bootwalla et al.,1983;
Harm,1991; Rozempolska-Rucinska et al., 2011).
Egg production and body weight are also affected by
feeding time (Harms,1991). According to Igbal et al.
(2017), the egg weight influences specific gravity
which reduce with the egg weight increase.

There is not sufficient data about how many times
laying hens should be fed in day to optimize profit
(Oyedeiji et al,. 2007). Samara et al. (1996) gave the
whole feed to the first group at 07.00h, and to the
second group at 18.00h and to the third group at twi-
ce a day of which one at 07.00h and the other one at
18.00h. it was found that egg production percentages
in the groups were 78.57% ,64.29% and 72.43% in
sequence and daily feed consumptions were 151.7,
142.6 and 148.3g respectively. In this study, it was
aimed to investigate the effects of feeding time and
stocking density on egg production, feed consump-
tion, feed conversion ratio, egg weight, damaged egg
rate, body weight and specific gravity of layer hens.

Materials and Method
Animals

A total of 656 58-week-old Hysex-Brown layer hyb-
rids, which were obtained from University of Selcuk,
Faculty of Veterinary Medicine, Animal Husbandry
and Research Unit, were used in this study. The
number of birds were determined according to fol-
lowing sampling calculation:

£ pg
d2

Experimental design

This research was carried out by using 2 x 4 factoriel
design (2 different stocking density and 4 different
feeding time). The animals were randomly allocated
into eight groups according to feeding time and stoc-
king density; each of the first four groups, consisting
of 8 replicates of 10 layers, were placed into eight
cages equaling to 495 cm? per hen. Each of the se-
cond four groups, consisting of 7 replicates of 12
layers, was placed into seven cages equalling to 412
cm? per hen. Dimension of each cages used in the
study were 55x45x40 cm. Hens were distributed ran-
domly among the different compartments of the cage
system. Totally the distribution resulted in 120 cages
and 656 laying hens. Experimental period was 60
days.

Daily feed requirements of the birds in 1st and 5th
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groups were fed once a day at 06.00h. 2nd and 6th
groups were fed at 09:30h once a day. Birds in 3rd
and 7th groups were given twice in early morning at
06:00 and 06:30h. 4th and 8th groups were fed twice
a day at 09:30 and 13:30h, allocating equal feed
amounts in each of the meal time.

Hen-day egg production

Before trial, the hen-day egg production was recor-
ded for 10 days. Egg production were then recorded
daily at the same time and calculated as total number
of eggs collected divided to total number of hens per
day in each group. The collected eggs were classified
as “normal“ or “damaged; the latter included the fol-
lowing: broken eggs (an egg with broken shell and
destroyed membrane), cracked eggs (an egg with
broken shell but intact membrane), the eggs without
shell (an egg without shell but with intact membrane).

Egg weight and specific gravity

Egg weight and specific gravity were determined
monthly using the methods described by Hamilton
(1982) and Hempe et al. (1988).

Feed consumption and feed conversion ratio

Prior to the experiment, enough amounts of the feed
for the each subgroup were supplied. Feed and water
were given ad libitum to the hens throughout the 60-
day experimental period. During the experiment, a
hen was given 130 g feed everyday. Subgroups of
the first four groups were given totaly 1300 g feed/
day. Subgroups of the second four groups were given
totaly 1560 g feed/day. Feed consumption and feed
conversion ratio were determined at 7 day intervals.
Every week, residual of the feed in all groups were
collected and weighed to determine daily feed intake
in corresponding periods. Feed conversion ratio was
calculated by dividing total feed amount consumed to
the total egg weight.

Measurement of the body weight

In the beginning and at the end of the experiment, the
subgroups were weighed to determine the difference
of changing body weight of the animals during the
study.

Nutrient composition of experimental diet

Crude protein, dry matter, ash, crude cellulose, ether
extract, Ca and P values of the experimental diet
were determined by chemical analysis (AOAC, 2003).
Methionine+Cysteine and lysine values of the diet
were formulated to meet the NRC, (1994) require-
ments of layers.

Statistical analysis

For discrete and continuous variables, descriptive
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statistics (mean, standard deviation, median, mini-
mum value, maximum value, and percentile) were
given. Repeated measures of analysis of variance
was analysed by Mauchy's sphericity test and Box's
Test of Equality of Covariance Matrices. For compari-
sons of means of repeated measures Repeated Mea-
sures Analysis of Variance was used. If parametric
tests (factorial design for repeated measures analy-
sis) dos not provide the preconditions, Greenhouse-
Geisser (1959) correction or Huynh-Feldt (1976) cor-
rection was used for corrections to the Degrees of
Freedom or Friedman Test. The Corrected Bonferroni
test was used for multiple comparisons. For the signi-
ficance level of the tests, P<0.05 and P<0.01 were
accepted. The statistical software IBM Corp. Relea-
sed 2013. IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY: IBM Corp. was used for calculati-
ons.

Results

Ingredient composition, nutrient analysis results and
metabolizable energy of the diet are shown in table 1
and 2.

Oguzhan KAHRAMAN

The lowest egg production (67.09%) was found in the
8th subgroup; the highest egg production (76.28%),
was found in the 2nd subgroup. In the second period
(30-60 days), egg production of the subgroups were
found between 67.78% and 75.21% (P>0.05) which
the lowest and highest subgroups were the same
with previous period. In the 0-60d period evaluation
of egg production, the lowest (67.44%) and highest
(75.75%) subgroups were significantly different
(P<0.05) (Table 3).

When feed consumption and feed conversion ratio of
the groups evaluated, there were significant differen-
ces between the subgroups (P<0.05). Feeding times
did not effect feed consumption and feed conversion
ratio (P>0.05). But different stocking density with dif-
ferent feeding times effected performance of hens in
0-30, 30-60 and 0-60 days test periods (Table 4).

Egg weight and specific gravity parameters evaluated
at 1st, 30th and 60th days of the trial and were not
affected by stocking density and different feeding
times in a day (P>0.05) (Table 5).

Table 1. Ingredient composition of the diet on dry matter basis

Ingredients %

Corn grain 20.31
Wheat grain 48.13
Soybean meal 15.50
Fish meal 1.00
Oil (vegetable) 2.50
Limestone 9.50
Dicalcium phospate 1.40
Salt 0.25
Vitamin-premix’ 0.25
Mineral-premix? 0.10
Methionin 0.06

' Per 2.5 kg of vitamin premix contains 3.6 mg vitamin A, 0.05 mg vitamin D3, 30 mg vitamin E, 3 mg vitamin
K3, 3 mg vitamin B1, 6 mg vitamin B2, 5 mg vitamin B6, 0.015 mg vitamin B12, 25 mg niacin, 0.04 mg biotin, 8
mg karotenoid, 1 mg folic acid, 300 mg choline chloride, 50 mg vitamin C.

2 Per kg of mineral premix contains 80 mg Mn, 35 mg Fe,50 mg Zn, 5 mg Cu, 2 mg |, 0.4 mg Co, 0.15 mg Se.

Table 2. The metabolizable energy and nutrient composition of diet (%)

ME, kcal/kg* 2758
Dry matter 90.41
Crude protein 15.53
Ash 8.22
Crude cellulose 5.56
Ether extract 3.26
Ca 3.48
P 0.60
Methionine+Cysteine” 0.54
Lysine” 0.74

*: Obtained by calculation. **: Formulated values to meet the nutrient requirements of poultry (NRC, 1994)

Damaged egg results were not significantly different
between all groups(P>0.05). In the first period (0-30
days) average egg production of the groups were
found out between 67.09% and 76.28% (P>0.05).

At the beginning and the ending days of the trial the

birds were weighted. There were not significant diffe-
rence of body weight changes between the groups
(P>0.05) (Table 6).
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Table 3. Egg production rate and damaged egg rate of the subgroups (Mean+SE)

Egg production, %

Damaged egg*, %

0-30 30-60 0-60 0-30 30-60 0-60
Subgroups/Factors T +53 Tts3 X Isy T sz TSz T+s3
1 74.29+2.01 70.79+2.87 72.54+1.75% 1.74+0.51 2.42+0.96 2.08+0.54
2 76.28+1.17 75.21+1.59 75.75+0.97°2 1.62+0.38 0.75+0.28 1.88+0.25
3 72.25£2.22 68.48+3.43  70.37+2.04™ 2.04+0.51 2.03£0.70 1.76x0.43
4 73.74+1.55 72.49+1.99 73.11+1.25°% 2.03£0.51 1.941+0.52 1.99+0.36
5 68.80+2.31 70.20+1.86  69.50+1.46 2.38+0.62 1.97+0.56 2.17+0.41
(] 72.54+2.08 68.77+2.83  70.66+1.76™ 1.55+045 1.32+0.41 1.44+0.30
7 71.93+2.30 71.70£2.14  71.82+1.54%° 2.25+0.35 1.75£0.42 2.00+0.27
8 67.09£2.38 67.78+2.13 67.44+1.57° 1.28+0.16 1.13x0.38 1.21+0.73
SD. 1 74.14£0.89 71.75+1.29 72.94+0.79 1.72+0.24 1.78x0.33 1.75%£0.20
SD. 2 70.18+1.14 69.68+1.12 69.92+0.80 1.88+0.23 1.55+0.22 1.72+0.16
Total 72.29+0.73  70.78+.87 71.53+0.57 1.80+0.16 1.68+0.21 1.74+0.13
P-value >0.05 >0.05 <0.05 >0.05 >0.05 >0.05
FT1 71.73x1.58 70.51+£1.73 71.12+1.16 2.04+0.40 2.21£0.57 2.12+0.34
FT2 74.54+1.18 72.20+1.65 73.37£1.02 1.59+0.29 1.02+0.24 1.30+0.19
FT3 72.09£1.57 70.04+2.04 71.06+£1.28 1.85+0.31 1.89x0.41 1.87+0.26
FT4 70.76x1.48 70.38+1.50 70.56+£1.044 1.69+0.31 1.58+0.34 1.64+0.23
Total 72.29+0.73 70.78+0.87 71.53£0.57 1.80+£0.16 1.68+0.21 1.74%£0.13
P-value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

1: 06.00h: 495 cm?hen, 2: 09.30h: 495 cm?hen 3: 06.00-06.30h: 495 cm*hen 4: 09.30-13.30h: 495 cm?/hen 5:

06.00h: 412.5 cm?hen 6: 09.30h: 412.5 cm?/hen 7: 06.00-06.30h: 412.5 cm?hen 8: 09.30-13.30h: 412.5 cm?/
hen Damaged egg*: Broken, cracked or shelless eggs SD. 1: 495 cm?hen stocking density SD. 2: 412.5 cm?%
hen stocking density FT1: Once daily feeding at 06.00h FT2: Once daily feeding at: 09.30h FT3: Twice daily
feeding at 06.00-06.30h FT4: Twice daily feeding at 09.30-13.30h a, b, ¢: Means within column with no com-
mon superscripts differ significantly (P<0.05).

Table 4. Feed consumption and feed conversion ratio of the subgroups (Mean+SE)

Feed consumption Feed conversion ratio

0-30 30-60 0-60 0-30 30-60 0-60
Subgroups/Factors TIsy TIsg Tisy Tts; Tisz Tisz
1 117.74£1.78%°  121.03£0.97®® 119.38+1.03% 2.40+0.06” 2.71+0.09 2.56+0.06%°*
2 112.58+1.36%  118.48+1.33°  115.53+1.03° 2.27+0.05° 2.50+0.07 2.39+0.04°
3 119.67+£1.21°  122.38+1.09°  121.03+0.83° 2.50+£0.07*® 2.78+0.13 2.64+0.08%*°
4 113.72+1.67%  120.54+1.19%°  117.13+1.13"° 2.33+0.04°° 2.61+0.07 2.47+0.05%
5 120.90+1.43%  123.10£0.62°  121.00+0.79° 2.65+0.09° 2.70+0.07 2.68+0.05%°
6 114.39+1.40%  121.03+0.99%°  117.71+0.99°° 2.35+0.05°° 2.70+0.08 2.52+0.06°
7 120.58+1.30°  123.1320.93°  121.85+0.81° 2.44+0.07° 2.64+0.06 2.54+0.05°°
8 115.48+1.25°¢  119.84+0.79®®  117.66+0.81° 2.66+0.40° 2.76+0.08 2.71%0.06%
SD. 1 115.93+0.81 120.61+0.59 118.27+0.52 2.38£0.03  2.65+0.05 2.51+0.03
SD. 2 117.830.73 121.7820.44 119.80+0.45 2.52+0.04  2.70+0.04 2.61+0.03
Total 116.82+0.55 121.1520.38 118.98+0.35 2.45+0.03  2.67+0.03 2.56+0.02
P-value <0.05 <0.05 <0.05 <0.05 >0.05 <0.05
FT1 119.21+1.17 122+0.61 120.60+0.67 2.52+0.05  2.71+0.06 2.61+0.04
FT2 113.42+0.97 119.67+0.86 116.5520.73 2.31+0.04  2.60+0.05 2.45+0.04
FT3 120.090+0.88  122.73+0.72 121.41+0.58 247+0.05  2.71+0.08 2.59+0.05
FT4 114.54+1.06 120.21£0.73 117.3820.71 2.48+0.05  2.68+0.05 2.58+0.04
Total 116.82+0.55 121.1520.38 118.98+0.35 2.45+0.02  2.67+0.03 2.56+0.02
P-value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

1: 06.00h: 495 cm*hen, 2: 09.30h: 495 cm?hen 3: 06.00-06.30h: 495 cm?/hen 4: 09.30-13.30h: 495 cm?/hen 5:
06.00h: 412.5 cm?/hen 6: 09.30h: 412.5 cm?/hen 7: 06.00-06.30h: 412.5 cm*hen 8: 09.30-13.30h: 412.5 cm?
hen SD. 1: 495 cm?/hen stocking density SD. 2: 412.5 cm?hen stocking density FT1: Once daily feeding at
06.00h FT2: Once daily feeding at: 09.30h FT3: Twice daily feeding at 06.00-06.30h FT4: Twice daily feeding at
09.30-13.30h a, b, c: Means within column with nho common superscripts differ significantly (P<0.05).
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Table 5. Egg weight and spesific gravity of the subgroups(Mean+SE)

Egg weight, g Spesific gravity, g/cm®
Firstday 30" day 60" day First day 30" day 60™ day
Subgroups/Factors T tsy T Lsy T +ss X +s5 T +s3 XISy
1 64.80+0.67 65.77+0.69 65.29+0.91 1.083+£0.001 1.080+0.001 1.083+0.001
2 63.7240.76 65.21+0.88 64.47+0.80 1.081+£0.001 1.081+0.001 1.083+0.001
3 64.96+0.82 64.50+1.26 64.73+0.67 1.080+0.001 1.084+0.003 1.080+0.001
4 63.96+0.83 64.79+1.32 64.38+1.24 1.082+0.001 1.085+0.003 1.086+0.004
5 65.15+0.90 64.74+0.91 64.95+0.90 1.080+0.001 1.080+0.001 1.082+0.001
6 63.66+0.74 65.45+0.79 64.56+0.90 1.080+0.001 1.081+0.001 1.082+0.002
7 64.00+0.95 64.84+0.85 64.42+0.96 1.081+£0.001 1.080+0.001 1.081+0.001
8 64.09+0.79 63.66+0.74 63.88+0.94 1.081+£0.001 1.080+0.001 1.083%0.001
SD.1 64.36+0.38 65.07+0.53 64.98+0.46 1.08+0.001  1.082+0.001 1.082+0.001
SD. 2 64.47+.42 64.67+0.41 65.67+0.46 1.08+0.001 1.081%+0.001 1.082+0.001
Total 64.41+0.28 64.88+0.34 65.3+0.33 1.08+0.000 1.081+0.000 1.082+0.001
P-value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
FT1 64.96+0.55 65.29+0.56 65.41+0.64 1.08+0.001 1.0821+0.001 1.083+0.001
FT2 63.69+0.53 65.32+0.59 64.40+0.59 1.08+0.001  1.081+0.001 1.083+0.001
FT3 64.98+0.62 64.65+0.78 66.11+0.57 1.08+0.001  1.081+0.001 1.081+0.001
FT4 64.02+0.57 64.26+0.78 65.30£0.79 1.08+0.001  1.082+0.001 1.084+0.001
Total 64.41£0.28 64.88+0.34 65.30+0.33 1.08+0.000 1.081+0.000 1.082+0.001
P-value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

1: 06.00h: 495 cm?/hen, 2: 09.30h: 495 cm?/hen 3: 06.00-06.30h: 495 cm?/hen 4: 09.30-13.30h: 495 cm?hen 5:
06.00h: 412.5 cm?hen 6: 09.30h: 412.5 cm?hen: 7: 06.00-06.30h: 412.5 cm%hen 8: 09.30-13.30h: 412.5 cm?
hen SD. 1: 495 cm?hen stocking density SD. 2: 412.5 cm?hen stocking density FT1: Once daily feeding at
06.00h FT2: Once Daily feeding at 09.30h FT3: Twice daily feeding at 06.00-06.30h FT4: Twice daily feeding at
09.30-13.30h

Table 6. Body weights of the subgroups at the begining and end of the experiment(Mean+SE)

Initial body weight, g Eventual body weight, g

Subgroups/Factors Ttss X ts3
1 1817.50+26.08 1787.50+31.15
12 1800.00+19.46 1726.25+17.62
21 1776.88+20.15 1753.75+35.70
22 1800.00+34.47 1718.13+40.69
31 1770.29+24 .47 1706.00+21.22
32 1786.29+28.67 1701.14+16.23
41 1792.43+37.28 1740.29+14.80
42 1758.43+14.48 1682.00+54.36
SD. 1 1798.59+12.51 1746.41+16.17
SD. 2 1776.86+13.21 1707.36+15.24
Total 1788.45+9.12 1728.18+11.37

P-value >0.05 >0.05
FT1 1795.47+18.46 1749.47+21.61
FT2 1793.60+16.39 1714.53+12.11
FT3 1784.13+19.76 1747.47+19.67
FT4 1780.60+19.74 1701.27+32.49
Total 1788.40+9.12 1728.18+11.37

P-value >0.05 >0.05

11: 06.00h: 495 cm?/hen 12: 06.00h: 412.5 cm?hen 21: 09.30h: 495 cm?hen 22: 09.30h: 412.5 cm?/hen 31:
06.00-06.30h: 495 cm?hen 32: 06.00h-06.30h: 412.5 cm?*hen 41: 09.30-13.30h: 495 cm?hen 42: 09.30-
13.30h: 412.5 cm?%hen SD. 1: 495 cm?/hen stocking density SD. 2: 412.5 cm%hen stocking density FT1: Once
daily feeding at 06.00h FT2: Once daily feeding at 09.30h FT3: Twice daily feeding at 06.00-06.30h FT4: Twice
daily feeding at 09.30-13.30h
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Discussion and Conclusion
Egg production

It was generally found out that egg productions of the
subgroups of 5 hens in each cage (495 cm?%hen)
were higher than that of the subgroups with 6 hens
(412 cm?hen) in each cage, similar to some research
findings (Connor and Burton,1975; Al-Rawi et al.,
1976; Mench et al., 1986; Teng et al., 1990; Nagara-
jan et al.,, 1991; Lee and Moss,1995) and different
from the some others (Kivimae,1976; Mathew et
al.,1979). In a study by Mench et al. (1986) hens we-
re put in cages as 1394 cm?hen, 1394 cm?%2 hens,
2788 cm?/2 hens cage spaces, it was stated that in
the group with 1394 cm?hen floor space, egg produc-
tion was found to be the highest. Asghar Saki et al.
(2012) also reported that egg production was signifi-
cantly lower in the group 4 hens per cage (500 cm?)
than 1 hen per cage (2000 cm?). Sarica et al. (2008)
found the similir results with Asghar Saki et al.
(2012). They also observed the most egg production
in the group having 2000 cm? cage allowance per
hen. But in a study conducted by Kivimae (1976), it
was found that increasing cage space from 450 to
900 cm?hen didn’t have an important effect on egg
production. Canibalismus was not seen in this sudy.
When studies are evaluated it can be said that being
more hens in a unit space in the cages decreases the
egg production. Insufficent feeding caused by redu-
ced feeding space and stocking density are might be
the reasons of reduction of egg production.

There was no significant relationship between egg
production and different feeding times or frequencies
during the day similar to the results of Bootwalla et al.
(1983) and Samara et al. (1996). Samara et al.
(1996) found that egg production was decreased
when feed total ration were split into two portions as
morning and evening feeding. When fed afternoon
(16:00h), reduction of egg production in broiler bree-
der hens were reported (Harms et al., 1991). This
decrease might be due to changing ovulation time
when fed afternoon (Wilson and Keeling, 1991). But
in a study by Balnave (1977) resricted evening fee-
ding of White Leghorns in individual cages was found
to increase egg production and Moradi et al. (2013)
reported that until 38 wk of age, total hen-day egg
production in the broiler breeder hens fed twice and
thrice a day was greater.

Feed consumption and feed conversion ratio

In every period of the this study, statistically signifi-
cant differences were determined among the subgro-
ups in point of feed consumption which were similar
to the findings of Lee and Moss (1995) and Teng et
al. (1990). At the end of the test, it was found that,
when the feed was given at 09:30h to the subgroups
with 5 hens, the feed consumption decreased to
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115.53 g to compare feeding in early morning. In the
subgroups included 6 hens in cages, the lowest feed
consumption (117.66 g) was found in the 8" subg-
roup. The highest feed consumption (121.85 g) was
found in the subgroup 7. feeding the hens in the mor-
ning before the sun rising once a day at 06:00 h inc-
reased the feed consumption average 4 g compared
to subgroups fed once a day at 09:30 h instead of
feeding the hens at 06.00 h, feeding them twice in the
morning as giving half of feed at 06:00 h and the ot-
her half of it at 06:30 h.caused average 2 g increases
in feed consumption. On the other hand, feeding the
hens twice a day as giving half of feed at 9:30 h and
the other half of it at 13.30 h caused average 2 g
decreases in feed consumption. Similar results were
found even in the groups of 6 hens in the cages with
respect to feed consumption. Another study has
shown that feeding laying hens the required quantity
of feed once in a day as against the usual practice of
either feeding twice or thrice in day generally resulted
in a better laying performance (Oyedeji et al., 2007).

Teng et al. (1990) reported that being more hens in a
unit decreased the feed consumption. In this study
being more hens in a unit and feeding the hens twice
in the morning increased feed consumption and fee-
ding at 09:30h decreased feed consumption. In every
periods of the test, the lowest feed consumption rates
were obtained from the 2nd subgroup and the highest
feed consumption rates were from the 8th subgroup.
Feed conversion ratio tended to be decreased as
stocking density increased. This result was similar to
the findings of Lee and Moss (1995) and Mathew et
al. (1979). On the other hand, it was different from
the some other results (Kivimae, 1976; Mench et al.,
1986). In a test done by Lee and Moss (1995) it was
stated that being more hens in a unit floor space in
cages, feed conversion ratio tented to be lower. In
some other studies (Kivimae,1976; Mench et
al.,1986), increasing cage floor space didn’t have any
effect on feed conversion ratio of laying hens. In a
study conducted by Mathew et al. (1979) hens were
allocated 450, 600 and 900 cm?hen floor space, in
the lower stocking density group feed conversion
ratio was lower. In this study, generally being more
hens in cages caused an increase in feed conversion
ratio, feeding the hens at 09:30h in the morning cau-
sed a decrease in the feed conversion ratio.

Egg weight

During the experiment egg weight means in the subg-
roups were found between 63.88 and 65.29 g, and
were statistically identical. In some studies (Kivimae,
1976; Mench et al.,1986; Harms, 1991, Wilson and
Keeling, 1991), increasing cage floor space for the
layer hens didn't have any important effect on egg
weight. But Connor and Burton, (1975) reported that
increasing hen number in a unit space in the cage
affected egg weight a little. But in another research
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(Mathew et al.,1979), used cages of 450, 600 and
900 cm?hen unit space, egg weight was reported to
be higher in the lower stocking density group. There
are some results that decreased floor densities cau-
ses a reduction in egg weight and feed consumption
(Onbasilar and Aksoy, 2005; Jalal et al., 2006). On
the other hand Sarica et al. (2008) reported no signifi-
cant difference of egg weights between the 4 different
cage density (2000, 1000, 667 and 500 cm? per hen).
In this study, different feeding time didn’t affect egg
weight similar to the results of Samara et al. (1996).

Egg quality

At the end of the experiment, it was determined that
damaged egg rates of the 8 subgroups were 2.08%,
1.88%, 1.76%, 1.99%, 2.17%, 1.44% , 2.00% and
1.21%. The highest damaged egg rate was found out
in the 5th subgroup. More number of hens in the
subgroups might have increased the rate of damaged
eggs. The eggs were weighed in water and air and in
every period of the test. There was not statistically
significant difference amongst the subgroups in point
of spesific gravity. Similar to these results Al-Ruwi-
BA. (1976) formed 4 groups including 4, 8, 14 and 28
of leghorn hens and 412, 824, 1442 and 2884 cm?/
hen floor space for each hen. They reported that the-
re wasn’'t any significant difference in the egg quality
by increasing the group capacity. Mench et al. (1986)
and Wilson and Keeling (1991) also didn’t find any
difference in egg qualities of groups in different cage
spaces. Sarica et al. (2008) did not report any crac-
ked and broken egg ratio difference between the 4
different stocking density groups. Also changing the
feeding time of broiler breeder hens from morning to
evening didn’t have significant effect on specific gra-
vity (Mench et al., 1986; Wilson and Keeling, 1991;
Samara et al.,, 1996). But Soltanmoradi et al. (2014)
concluded that feeding broiler breeder hens twice or
three times per day improves the egg quality. Farmer
et al. (1983) and Bootwalla et al. (1983) resulted that
feeding one time in afternoon (16:00h) increased
spesific gravity. Contrast to our results, Wilson and
Keeling (1991) concluded that damaged egg rates
weren’t affected by changing feeding times.

Body weight

There was not any significant differences between
the subgroups in terms of body weights. During the
test there was not any mortality in the subgroups,
Nagarajan et al. (1991) fed quails between 6 and 26
weeks age periods as 150, 180, 210 and 250 cm?/
quail cage floor space and reported that when the
cage floor space increased, mortality rate had decre-
ased. Mortality rate had also increased when the
animal number per cage increased without changing
the cage floor space. Sarica et al. (2008) studied with
2000 and 1000 cm? space allowances and they sug-
gested that the higher body weights can be explained
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by higher feed consumption and water intake thanks
to the greater feeding area and nipple. Onbasilar and
Aksoy, (2005) also reported that increasing the num-
ber of hens per cage from 1 to 5 decreased body
weights of Hy-Line Brown genotypes. Feeding time
did not have any effect on body weights in this study
but Harms, (1991) found that feeding broiler breeder
hens at 16:00 h resulted significant body weight loss
to compare feeding at 08:00 h.The differences of the
results between studies can be attributed to breed,
group size and number of groups regarding to floor
space.

As a result; in this study it was found that egg produc-
tion rate was highest in the groups of 495 cm?®hen
cage floor space and the groups were fed at 09:30h
once a day, while feed consumption and feed conver-
sion ratio were lowest. In the group of 412.5 cm?hen
cage floor space, and given half of feed at 09:30 h
and the other half of it at 13:30 h, egg production rate
decreased and feed conversion ratio increased.

Egg production weren’t affected significantly by chan-
ging feeding time. Splitting the daily feed into 2 por-
tion in early morning was found to increase feed con-
sumption. It seems to be converse relationship
between stocking density and feed conversion rate
but it wasn’t statistically important. Egg weight, egg
quality and body weight were affected by changing
neither stocking density nor feeding time. Furthermo-
re, time and labour used in feeding hens twice in a
day can be saved if hens are fed their feed require-
ment once daily. Therefore, for optimum laying per-
formance and to control feed waste associated with
ad libitum feeding of laying hens, as well as saving
time and labouring expended in feeding hen two ti-
mes daily, we suggest that feeding laying hens the
required feed quantity once in a day.
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Ozet: Bu arastirmada Kayseri ilinde balik tiiketim tercihleri ve balik tilketimine etki eden sosyal, kiiltiirel, ekonomik
faktorlerin belilenmesi amaclanmistir. Arastirmada 2018 yilinda basit tesadiifi drnekleme yéntemiyle segilen 529 kisiy-
le ylz yuze gorisme teknigi ile uygulanan anketlerden elde edilen veriler kullaniimistir. Calisma verilerinin bir kismi
deskriptif olarak sunulmus, balik tiketimi tGzerine cinsiyetin etkisi bagimsiz T-testi ile; medeni durum, gelir ve egitim
diizeyinin etkisi ise tek yonli varyans analizi (Anova) yapilarak degerlendirilmistir. Arastirma bulgularina gére tiiketicile-
rin yas ortalamalar 39.1+12.2 ve ailedeki birey sayilari da 4.1x1.3 olarak belirlenmistir. Aylik ortalama gelirin
3.399+2.599 TL oldugu ve dusuk gelir grubunda (1000-2000 TL/ay) daha az balik tiketildigi tespit edilmistir (P<0.05).
Ayrica ankete katilanlarin % 79.2’sinin evli oldugu ve daha fazla balik tikettigi belirlenmistir (P<0.05). Tiketicilerin egi-
tim dlzeyine paralel olarak balik tiketiminin de arttigi tespit edilmistir (P<0.05). Yapilan galismada ilk siradaki et tiike-
tim tercihi % 53.1 ile kirmizi et olurken, bunu %35.8 ile beyaz et ve %11.1 ile balik eti izlemistir. Tuketicilerin tamamina
yakini (% 95.5) balida kolay ulastigini ve % 52.4’u balik fiyatlarinin normal oldugunu belirtmistir. Tiketimde balik etinin
tercih edilme sebepleri arasinda en gok lezzetli olmasi (% 47.3) ve besin degerinin yiksek olmasi (% 43.5) gelmekte-
dir. Kayseri’de en ¢ok tercih edilen balik tiri hamsi (% 61.1) olurken, kisi basina diisen balik tiketim miktari 5.56+4.4
kglyil olarak hesaplanmistir. Tuketicilerin cogu (% 71.5) gelirlerinin artmasinin balik tiketimini etkilemeyecegini, %
28.5'i ise artiracagini bildirmistir. Sonug olarak, Kayseri ilinde balik tiketim miktarinin Turkiye ortalamasi civarinda
oldugu, balik tiketim diizeyinin medeni durum, egitim ve gelir seviyesinden etkilendigi ortaya gikmistir.

Anahtar kelimeler: Balik, Kayseri, tlketici tercihi, tiketim

Determination of Fish Consumption and Consumer Preferences in Kayseri Province

Summary: In this study, it is aimed to determine the fish consumption preferences and the social, cultural, economic
factors affecting the fish consumption Kayseri province. The data obtained through surveys applied face to face inter-
views with 529 participants chosen with simple random sampling method were used in the study. Some data of the
study were presented as descriptive, and the effect of gender, evaluated through Independent T-test, marital status,
income and education level on fish consumption was evaluated by means of One Way Anova. As a result, the mean
age of the consumers was 39.1+12.2 and the number of the family members was 4.1+1.3. It has been determined that
monthly average income is 3.399+2.599 TL and less fish is consumed in the low income (1000-2000 TL / month) group
(P<0.05). In addition, 79.2% of the respondents were married and consumed more fish (P<0.05). It was determined
that fish consumption increased in parallel with the education level of consumers (P<0.05). In the study, the first con-
sumption preference was red meat with 53.1%, followed by white meat with 35.8% and fish meat with 11.1%. Almost
all (95.5%) consumers stated that they reached the fish easily and 52.4% stated that the fish prices were normal.
Among the reasons for fish meat being preferred in consumption is that it is the most delicious (47.3%) as well as its
high nutritional value (43.5%). Anchovy is the most preferred (61.1%) fish type in Kayseri, while the amount of fish con-
sumption per capita is calculated as 5.56 + 4.4 kg/year. Most of the consumers (71.5%) reported that increasing their
income will not affect fish consumption and 28.5% will increase. In conclusion, the average fish consumption in Kayseri
province is close to Turkey’s average, and the consumption level is thought to be positively affected by marital status,
education level and income level.

Key words: Consumption, consumer preference, fish, Kayseri
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Dunya nifusunun hizla artmasi insan beslenmesinde
o6nemli bir yer tutan hayvansal kdkenli gidalarin ve bu
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gidalarda bulunan proteinlerin eksikligine yol agmakla
birlikte, bu eksikligin kapatilmasi agisindan da ucuz
ve kolay ulasilabilir olusu sucul kaynakli Grinleri
onemli kilmaktadir (Angig, 2004). Dunya nifusunun
o6nemli bir kismini olusturan az gelismis ve gelismek-
te olan Ulkelerde hayvansal kaynakli gidalarla alinan
protein miktari oldukg¢a azdir. Bu protein agigini kapa-
tabilmek igin énemli bir potansiyel olan su Grlnleri iyi
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bir alternatif olusturmaktadir (Aydin ve Karadurmus,
2013).

Avcilik yoluyla yakalanan veya kiltird yapilan
baliklar, insan beslenmesinde gerekli temel besin
Ogelerini icermesi bakimindan ve kaliteli hayvansal
protein kaynagi olarak 6nemli bir yere sahiptir
(Sarndézkan, 2016). Sucul kaynakli urunler; protein
oraninin yiksek (%17-22) ve sindirimlerinin kolay
olmasli, dogada bulunan tim aminoasitleri icermesi,
vitamin/mineral  bakimindan  zengin,  biyolojik
degerliliginin  yuksek olmasi gibi 6zellikleriyle
insanlarin saglikl ve dengeli beslenmesinde 6ne
¢ikan besin kaynaklaridir (Adigizel ve ark., 2009;
Olgunoglu ve ark., 2014; Sen, 2011). Su Urinleri,
Diinya Saglik Orgitii tarafindan insan beslenmesi
icin dnerilen esansiyel amino asit modeline uygundur.
Baliklarin igerdigi ortalama doymus yag orani (%
1.19) ve kalori miktari (101.3 kcal/100g), karasal
kokenli hayvansal drlnlerin icerdigi doymus yag orani
(%16.7) ve kalori miktarindan (209 kcal/100g) daha
disiktir (Tacon ve Metian, 2013).

Tiirkiye zengin su kaynaklarina sahip bir ilkedir. Ug
tarafi denizlerle c¢evrili bir yarimada olmasinin
yaninda 8.333 km’lik kiyi seridine, 25 milyon hektarlik
su kaynagina ve 177.714 km uzunlugunda akarsulara
sahiptir. Ulkemizin su kaynaklari dikkate alindiginda
balik¢ilik alanlarinin etkin bir sekilde kullaniimasi ve
yapilacak Uretimin ekonomiye kazandiriimasi énem
tasimaktadir (Sariézkan, 2016).

Genel olarak su drinleri tiketimi; ekonomik durum,
su Urlnleri sunum sekli veya yemek aliskanliklari/
kiltarh gibi faktorlerden etkilenmektedir (Girard ve
ark., 1998). Bireyin biylime ve gelisme dénemlerinde
tiketilmesi faydali olan su Urinlerinin, yemek kultiri
veya aliskanliklari bélgelere gore degiskenlik goster-
mektedir (Atay, 2000). Turkiye’de insanlarin hayvan-
sal protein ihtiyacini karsilayacak zengin su
kaynaklari ve balik cesitliligi olmasina ragmen, daha
Oonce yapilan galismalarda halkimizda genel olarak
balik tiketim aliskanliginin ¢ok yaygin olmadigi
gorulmustir (Saridzkan, 2016). Diinya’da kisi basina
disen yillik ortalama balik tiiketimi 18 kg civarinda
iken, Avrupa Ulkelerinde 23 kg, Japonya ve izlan-
da’da 60-70 kga cikmaktadir (FAO, 2019).
Turkiye’'de ise kisi basi balik tiketimi maalesef 5.5
kg/yll seviyelerine kadar diismistir (TUIK, 2019).
Ayrica Ulkemizde bdlgeler arasinda da tuketim mik-
tarlari yonunden onemli farkhhklar ~ goze
carpmaktadir. Turkiye'de kisi basina diisen yillik balik
tiketim miktan ic Anadolu, Dodu ve Giineydogu
Anadolu Bolgelerinde diistikken, Karadeniz, Akdeniz
ve diger kiyi bélgelerinde bu miktar daha yiksektir
(Dagtekin ve Ak, 2007; Uzundumlu ve Dingel, 2015).
Ornegin Karadeniz Bélgesinde kisi basina yilda 25
kg civarinda balik tiketimi olurken, Dogu ve Gliney
Dogu Anadolu Bolgelerinde bu deger 1 kg'in bile
altina dismektedir (Atay, 2000).
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Yapilan literatlr taramalarinda Turkiye'de Adiyaman
(Olgunoglu ve ark., 2014), Amasya (Nalinci, 2013),
Ankara (Bayraktar, 2015; Yavuz ve ark., 2015; YUk-
sel ve Diler, 2019), Burdur (Orhan ve Yiksel, 2010),
Canakkale (Bayraktar, 2015; Colakoglu ve ark.,
2006), Edirne (Onurlubas, 2013), Elazig (Gadir,
2012; Cicek ve ark., 2014; Sen ve ark., 2008),
Erzincan (Sen, 2017), Erzurum (Gungoér, 2014),
Giresun (Aydin ve Karadurmus, 2013), Isparta (Hatirh
ve Demircan, 2004), izmir (Caylak, 2013; Sayg! ve
ark., 2015), Kahramanmaras (Beyazbayrak, 2014),
Kocaeli (Baydede, 2018), Konya (Bolat ve Cevher,
2018; Sen, 2011), Manisa (Celik, 2014), Mersin (Sen,
2011; Sen ve Sahin, 2017), Nigde (Bashimov, 2017),
Ordu (Aydin ve Karadurmus, 2012), Rize (Temel,
2014) Sinop (Eriimit, 2016), Sivas (ibig, 2012), Sanli-
urfa (Karadag, 2017), Tekirdag (Abdikoglu, 2015),
Tokat (Erdal ve Esengiin, 2008), Trabzon (Aydin ve
Karadurmus, 2013), Tunceli (Mentese, 2016; Ylksel
ve ark., 2011), Van (Gingor, 2014; Girgln, 2006) ve
Yozgat (Saglam ve Samsun, 2018) gibi bircok ilde
halkin balik tiketim tercihi ile ilgili daha 6nce bilimsel
calismalar yapildigi géralmustar.

Bu ¢alismada Kayseri ilinde yasayan insanlarin balik
tiketim  aliskanliklarinin  arastiriimasi,  tiketici
tercihlerinin belirlenmesi, balik tiketimine etki eden
sosyal, kultirel, ekonomik faktorlerin belirlenmesi,
tuketicilerin balik tiketimi hakkinda bilgilendiriimesi
ve tuketimin artinlmasi igin ¢ézum o6nerilerinin ortaya
konulmasi amaglanmistir.

Gereg ve Yontem

Calismanin esas materyalini, 2018 yilinda arastirma
bdlgesi olan Kayseri ilinde yasayan tesadifen segilen
529 kisi ile yuz yuze gorusulerek uygulanan anket (33
soru) yoluyla elde edilen veriler olusturmustur. Krejcie
ve Morgan (1970)'1n érnekleme tablosu dikkate alina-
rak érneklem sayisi belirlenmis ve segilen 6érneklemin
farkli gelir gruplarini (dustk, orta, yiksek) icermesine
dikkat edilmistir. Anket yapmadan 6nce bireylere,
c¢alisma hakkinda bilgi verilerek iyi bir diyalog kurul-
masi, anketlere daha kolay ve saglikli cevap verilme-
si saglanmisgtir.

Istatistik analizler

Arastirmada elde edilen veriler elektronik ortama
kaydedilmis, eksik ve hatali veriler dizenlenerek
SPSS 15.0 paket programi ile istatistik analizler yapil-
mistir. Calismada verilerin bir kismi tanimlayici (sayi,
oran, tablo, grafik) olarak sunulmus, ayrica balik
tuketimi Uzerine cinsiyetin etkisi Student T-testi ile;
medeni durum, gelir ve egitim diizeyinin etkisinin olup
olmadigi ise tek yonll varyans analizi (ANOVA) yapi-
larak deg@erlendirilmigtir. Gruplar arasindaki fark
onemli bulundugunda Duncan’s Coklu Karsilagtirma
Testi uygulanmistir.
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Bulgular 31.4°G memur, %21.4°0 isci, %18.3'0 serbest meslek,
N . . %10.4’G emekli, %6.6 ‘si ev hanimi, %0.9'u ciftci ve
Aragtirmaya katilan tlketicilerin ortalama aile birey  geri kalan %11’i ise diger meslek gruplarindan oldugu

sayllari 4.1+#1.3 ve yas ortalamasinin 39+12.2 tespit edilmistir.

(erkeklerin 40+12.5; kadinlarin 36+10.4) oldugu belir-

lenmis olup, cinsiyete gére balik tlketim miktarlar Ankete katilanlarin medeni durumlarina bakildiginda
asagida verilmigtir. %79.2’si evli, %19.5'i bekar ve %1.3'U ise diger ola-

Tablo 1. Katilimcilarin cinsiyete gére dagihmi ve balik tiketim miktarlar ¥ + sz

Cinsiyet n Oran (%) Tiiketim Miktari (kg/yil) P degeri
Kadin 107 20.2 5.28+0.4

Erkek 422 79.8 5.75+0.2 0.703
Ortalama 529 100.0 5.5614.4

Calismada katilimcilarin yaklagik 4/5'ini erkek, geri  rak tespit edilmistir. Evli bireylerin balik eti tiiketim
kalan 1/5'ini ise kadinlar olugturmustur. Balik tiketi- miktarlarinin, bekar ve diger bireylere oranla daha
mine cinsiyetin énemli bir etkisinin olmadigi belirlen- fazla oldugu saptanmistir (P<0.05; Tablo 4).

migtir (P>0.05). Kayseri genelinde kisi bagi ortalama

balik tiiketimi 5.56 kg/yil olarak bulunmustur (Tablo incelenen tiiketicilerin % 33.1’inin diisiik gelire (1000-
1). 2000 TL/ay), %12.8inin ise (5001 TL/ay ve uzeri)

Tablo 2. Tiiketicilerin yas gruplarina gore balik tiketim miktarlari X + 5§

Yas Grubu n Oran (%) Tiketim Miktar (kg/yil) P degeri
<30 154 211 5.56+0.34

31-40 165 31.2 5.26+0.30

41-50 123 23.2 5.85+0.38 0.441
51-60 56 10.6 6.29+0.68

61 ve uzeri 31 5.9 6.41+1.04

Kayseri'de tlketicilerin ortalama yasi 39.1+12.2 bu- yuksek gelire sahip oldugu, ortalama gelirin ise 3.399
lunmus; yas gruplarina goére balik tlketimleri arasin- TL/ay oldugu tespit edilmistir. Tlketicilerin aylik gelir-
da istatistiki olarak bir fark tespit edilmemistir lerine gore balik tiketimleri arasindaki fark istatistiki
(P>0.05). Ancak genglere gore ileri yaslarda rakam- olarak 6nemli bulunmustur (P<0.05). Buna gére en
sal bir artig gérulmustur (Tablo 2). ylksek balik tiketimi (7.22 kg) en fazla geliri olan
Tablo 3. Egitim dizeylerine gére balik tiiketim miktarlari X + 55

Egitim durumu n Oran (%) Tiiketim Miktar (kg/yil) P degeri
Okuryazar degil 4 0.8 2.25+0.55°

ilkokul 113 21.3 5.02+0.46"

Ortaokul 54 10.2 4.60+0.41"

Lise 147 27.8 5.82+0.33%°

On lisans 59 11.2 5.900.48%° 0.013
Lisans 129 24.4 6.12+0.42°°

Yuksek lisans 18 3.4 7.23+0.79%

Doktora 5 0.9 10.18+2.727
Tablo 3. Egitim diizeylerine gore balik tiiketim miktarlari X + S§

grupta bulunurken, en dusik tuketim ise (5.22 kg)

Qa||$mada tiketicilerin egltlm durumlarina g('jre balik ayllk gellrl en az olan grupta O|dUgU teSplt edl|m|$t|r

tiketimleri arasindaki farklihklar istatistiki olarak (Tablo 5).

Onemli bulunmustur (P<0.05). Egitim durumuna gére

en ylksek balik tiiketimi 10.18 kg/yil ile doktora egiti- Kayseri'de tiiketicilerin dncelikli et tercihleri incelendi-
mi alanlarda tespit edilmis ve bu yiksekligin anlamli ginde; kirmizi etin %53.1 ile ilk siray! aldi§i, bunu %
oldugu ortaya ¢ikmistir (P<0.05). Genel olarak bakil- 35.8 ile beyaz et ve %11.1 ile balik eti takip etmistir.
diginda egitim duzeyi arttikga balik tliketim egiliminin Toplam et tiiketimi iginde balik etinin % 21.5 oraninda
de arttigi, en dusuk tiketimin 2.25 kg/yil ile okuryazar pay aldigi hesaplanmistir. Katihmcilarin %20.4’Gnin
olmayanlarda oldugu belirlenmistir (P<0.05; Tablo 3). hig balik tiiketmedigi tespit edilmistir. Balik tiketimin-

de bulunanlarin %95.5’i Kayseri'de istedigi bahga

Calismaya katilanlarin meslekleri incelendiginde; % kolay ulastigini beyan etmistir.
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Tablo 4. Tlketicilerin medeni durumuna gore balik tiketim miktarlan ¥ + 5§

Medeni durumu n Oran (%) Tiiketim Miktan (kg/yil) P degeri
Evli 419 79.2 5.92+0.21°
Bekar 103 19.5 4.67+0.39° 0.033
Diger 7 1.3 5.30+1.81°
Tablo 4. Tiketicilerin medeni durumuna gére balik tiketim miktarlan X + 5§
Tablo 5. Katimcilarin aylik net gelirlerine gore balik tiiketim miktarlar X + 55
Aylik net gelir (TL) n Oran (%) Tiiketim Miktan (kg/yil) P degeri
1000-2000 175 33.1 5.22+0.35°
2001-3000 156 29.5 5.60£0.37%°
3001-4000 82 15.5 5.51+0.38% 0.031
4001-5000 48 9.1 5.62+0.51%
5001+ 68 12.8 7.22+0.50°

@b Ayni siitunda farkl harf tagiyan degerler arasindaki fark istatistiki olarak énemlidir.

Tuketicilerin balik fiyatlari konusunda dustnceleri
incelendiginde; % 52.4°G balik fiyatlarini normal oldu-
Junu belirtirken, 51 kisi (%9.6) ¢ok pahali, 9 kisi (1.7)
ise ¢ok ucuz oldugunu belirtmistir. Calismaya katilan-
larin % 5.3'G balik fiyatlarini ucuz bulurken, %31’i
balik fiyatlarinin pahali oldugunu belirtmistir.

Tablo 6. Balik eti tercih edilme sebepleri

ise %2.3 ile en az tercih edilen satin alma yeri olmus-
tur.

Balik tiketim sekline gore, %41.1’lik oranla ilk sirada
finnda-bugulama tiketim, %39.5 tavada-kizartma ve
%17.2'lik oranla 1zgarada tuketim tercih edilmektedir.

Balik eti tercih sebepleri n Oran (%)
Lezzetli olmasi 250 47.3
Besin degerinin yiiksek olmasi 230 43.5
Ucuz olmasi 20 3.8
Ahgkanhk 12 23
Kolay bulunmasi 5 0.9
Kolestrolii diisiik olmasi 4 0.8
Diger 8 1.5

Yapilan ¢alismada balik etinin tercih edilme sebepleri
arasinda en c¢ok lezzetli olmasi (% 47.3) ve besin
degderinin yliksek olmasi (%43.5) gelmektedir (Tablo
6).

Tablo 7. Tiketimde tercih edilen balik tirleri ve oranlari

Kayseri'de en fazla tercih edilen balik tiri Hamsi
olarak belirlenmis (%61.1), bunu Alabalk (%10.6),
Levrek (%10.4), Norveg Somon (%6.0), Cipura (%
5.3) ve Istavrit (%4.3) takip etmistir (Tablo 7).

Balik tiirii n Oran (%)
Hamsi 323 61.1
Alabalik 56 10.6
Levrek 55 10.4
Norveg¢ Somon 32 6.0
Cipura 28 53
istavrit 23 4.3
Diger 12 2.3

Diger taraftan, Kayseri’de balik satin alirken tazeligin
(% 82.2) en 6nemli kriter oldugu belirlenmistir. Daha
sonra fiyat (%8.7), lezzet (% 6.6) ve besin degeri (%
2.5) gelmektedir.

Balik satin alirken tlketicilerin sabit saticilari tercih
etme orani yiksek bulunmus (%85.5), onu super
market (%5.1), balik vyetistiricisi (%4.5) ve kendim
tutarim (%2.6) secenekleri izlemistir. Sokak saticisi
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Ayrica, katilimcilarin %67.9'u daha 6nce hi¢ balik
avlamadigini, %9.8'i az, %18.3'l bazen firsat bulduk-
¢a avladiklarini, % 2.1’i ¢ok balk aviadigini, %1.9'u
ise oldukga ¢ok balik avladigini belirtmistir.

Tiketicilerin %28.2’si hamsiyi, %21.9'u alabalgi, %
15.5’i Norve¢ Somon’u, %15.1’i levregi, %9.8’i Cipu-
rayl ve %6.2’si istavriti daha lezzetli bulduklarini be-
lirtmiglerdir (Tablo 8).
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Tablo 8. Lezzetine gore tercih edilen balik turleri ve oranlar

Balik tiirleri n Oran (%)
Hamsi 149 28.2
Alabalik 116 21.9
Norveg Somon 82 15.5
Levrek 80 15.1
Cipura 52 9.8
istavrit 33 6.2
Diger 17 3.2

Tablo 9. Besin degeri yiksek bulunan ve fiyati pahali bulunan balik turleri

Fiyati pahali bulunan tiirler

Besin degeri yiiksek bulunan tiirler

Balik tiirleri n Oran (%) n Oran (%)
Norveg Somon 343 64.8 174 32.9
Levrek 82 15.5 74 14.0
istavrit 34 6.4 28 5.3
Cipura 31 5.9 22 4.2
Alabalik 19 3.6 147 27.8
Hamsi 12 2.3 73 13.8

Diger 8 1.5 11 2.1

Anket calismasina katilanlarin  %64.8’i  Norveg olmasi ve gelismeye agik bir alan olmasina ragmen

Somon’u ve %15.5'i Levre@i pahali bulurken; Hamsi
ve Alabalik fiyatlari daha makul bulunmustur. Besin
degerine gbre balik tlrleri siralandiginda tuketicilerin
%32.9'u Norve¢ Somon’un, %Z27.8’i Alabalidin, %
14.0'G Levregin ve %13.8’i Hamsinin besin degerini
daha ylksek buldugunu bildirmistir (Tablo 9).

toplam su Grinleri Gretimi Diinya Uretiminden sadece
%0.4 pay alabilmektedir (FAO, 2019). Arastirmanin
yuritildagi Kayseri ili, Tirkiye su driinleri Gretiminin
%3.7’sini gerceklestirmektedir (TUIK, 2019).

Kayseri ilinde balik tiiketim tercihleri {izerine yapilmis

Tablo 10. Gelir artiginin ve balik fiyati dismesinin tiketime etkisi

Cevaplar Gelir-tiiketim iligkisi Fiyat-tiiketim iligkisi

n Oran (%) n Oran (%)
Hayir, Artmaz 378 71.5 299 56.5
Evet, Artar 151 28.5 230 43.5

Calismaya katilanlarin % 71.5’i gelir durumlarinda
artis olmasi halinde balik tiiketiminin artmayacagini,
% 28.5'i ise geliri artarsa balik tiiketiminin de artaca-
gini belirtmislerdir (Tablo 10).

Tartisma ve Sonug

Dunya’da su Urlnleri Gretimi ve yetigtiriciligi, 6zellikle
son 50 yilda en hizli buytiyen ve gelisen gida sektéru
olarak belirlenmistir (Dagtekin ve Ak, 2007). Sektérin
ivme kazanmasinda etkili olan en 6nemli unsurlar;
nifus ve gelir seviyesindeki artig, avlanma ile sagla-
nan Uretim miktarindaki maksimum artig, bazi tir ve
stoklarin asir avlanilmasi, mevsimselligin su Grinleri
avlanmasinda 6énemli olmasi, yetistiriciligin yayginlas-
masi ve son yillardaki biyoteknolojik gelismeler olarak
gobsterilebilir (Isidan, 2006).

Turkiye’de de benzer sekilde sektérde gelisme gorul-
mekte, ancak bunun avciliktan ziyade sadece yetisti-
ricilik yoluyla gergeklesmesi surdirilebilirlik agisin-
dan distndirtctdar. Turkiye'de Uretim potansiyelinin

bu calismada katiimcilarin ¢ogunlugunu (%79.8)
erkek bireyler olugturmustur. Daha 6nce yapilan ¢a-
lismalarda da genellikle erkek bireyler cogunlukta
olup (Aydin ve Karadurmus, 2012; Abdikoglu, 2015;
Temel, 2014; Saglam ve Samsun, 2018; Bolat ve
Cevher, 2018; Erumit, 2016; Erdal ve Esenglin, 2008;
Yuksel ve Diler, 2019; Nalinci, 2013; Colakoglu ve
ark., 2006; Aydin ve Karadurmus, 2013; Yiksel ve
ark., 2011; Sen, 2011; Sen ve ark., 2008; Bashimov,
2017; ibis, 2012; Beyazbayrak, 2014; Cicek, 2014;
Bayraktar, 2015; Karadag, 2017), az da olsa kadin
bireylerin agirlikta oldugu calismalar mevcuttur
(Baydede, 2018; Sen, 2011; Celik, 2014; Yavuz ve
ark., 2015; Gaylak, 2013). Kayseri ilinde cinsiyet fak-
tord balik tiketimine etkili bulunmadigindan, secilen
tiiketicinin cinsiyetinin farkli olmasinin arastirma so-
nucunu etkilemeyecegini gdstermektedir. ildeki kisi
basina disen yillik ortalama balik tliketiminin (5.6 kg)
Turkiye geneli ile (5.5 kg) benzerlik gdstermesi, gelis-
mis iller arasinda yer alan (17. sirada) Kayseri’de
daha fazla tiketimin gergeklesebilecegini disindir-
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mektedir (TUIK, 2019).

Turkiye'de yapilan calismalarda yillik kisi basi bahk
tuketim miktarlari bdlgeler ve hatta ayni bdlgede
bulunan iller arasinda bile degiskenlik gdsterdigi
saptanmistir. Yillik ortalama kisi bagi balik tiketimi;
Karadeniz bdlgesinde yaklasik 25 kg (Aydin ve Kara-
durmus, 2013; Temel, 2014; Aydin ve Karadurmus,
2012), Ege ve Marmara bodlgelerinde 15 kg
(Abdikoglu, 2015; Caylak, 2013; Colakoglu ve ark.,
2006), Akdeniz bolgesinde 6 kg (Beyazbayrak, 2014;
Sen ve Sahin, 2017), Dogu ve Giineydogu Anadolu
boélgelerinde 4 kg (Cigek ve ark., 2014; Gungor, 2014;
Olgunoglu ve ark., 2014; Sen ve ark., 2008; Yiksel
ve ark., 2011), i¢ Anadolu bolgesinde 3-4 kg
(Bashimov, 2017, Bolat ve Cevher, 2018; Saglam ve
Samsun, 2018) oldugu gortlmistir. Denize kiyisi
olan bdlgelerde balik tuketim miktarinin yuksek
olmasinda; balida ulagim imkanlarinin kolay olmasi,
balik avlama ve tiketim aligkanliklarinin olmasi ve bu
bélgelerde yasayan bireylerin damak tadi ve tiketim
kilturlerinde bahgin 6n planda tutulmasinin etkili
oldugu sdylenebilir.

Arastirmada elde edilen tuketici yasinin balk
tuketimine etkisinin olmadidi tespiti, benzer yas grubu
Uzerinde yurutilen galismalarin bulgulariyla paralellik
gOstermistir (Giingor, 2014; Mentese, 2016; Nalinci,
2013; Wan ve Hu, 2012).

Katihmcilarin medeni durumlari incelendiginde; yapi-
lan dider calismalara benzer sekilde evli bireylerin
katihm orani ylksek gikmistir (Abdikoglu, 2015; Ce-
lik, 2014; Erumit, 2016; Mentese, 2016; Nalinci, 2013;
Olgunoglu ve ark., 2014; Glingér, 2014; Yavuz ve
ark., 2015). Medeni duruma gore balik tiketim miktari
mevcut calismada evli bireylerde 6nemli diizeyde
daha fazla bulunmustur (P<0.05). Evlilikle birlikte
dizenli hayat kurulmasi, ¢ocuklarin olmasi, beslenme
ve saglik konusunda artan biling ile birlikte tiketimin
olumlu etkilendigini s6ylemek mumkunduir.

Katihmcilarin  meslek dagilimlarina bakildiginda
mevcut ¢alismaya en c¢ok katilimin (%31.4) Colakog-
lu ve ark., (2006) ile benzer olarak memur oldugu
goOrulmektedir. Yapilan diger calismalarda; %37 ile
dgrenci (Aydin ve Karadurmus, 2013), %60 kamu
calisani (Abdikoglu, 2015; Baydede, 2018), %33 ev
hanimi (Nalinci, 2013), %23 emekli (Bayraktar, 2015)
ve %47 ile serbest calisanlar ilk sirada yer almistir
(Orhan ve Yiksel, 2010).

Turkiye'nin diger bélge veya illerinde de balik tiketimi
Uzerinde yapilan benzer calismalara rastlanmaktadir.
Yapilan bu caligmalarda et tiketiminde siralama
tercihleri degigkenlik gostermektedir. Canakkale,
Adiyaman, Van, izmir, Sivas, Erzincan illerinde yapi-
lan calismalarda beyaz et tlketim tercihi olarak ilk
sirada yer alirken (Caylak, 2013; Colakoglu ve ark.,
2006; Gungor, 2014; Ibis, 2012; Olgunoglu ve ark.,
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2014; Sen, 2017) mevcut calisma ile benzer olarak
Erzurum, Konya, Kayseri, Tunceli, Kahramanmaras,
Ankara, Elazi§ illerinde kirmizi et ilk sirada yer
almistir (Beyazbayrak, 2014; Bolat ve Cevher, 2018;
Cicek ve ark., 2014; Glingor, 2014; Soylu, 2018; Ya-
vuz ve ark., 2015; Yuksel ve ark., 2011). Balik eti ise
Giresun, Trabzon, izmirde tilketim tercihi olarak ilk
sirada yer almistir (Aydin ve Karadurmus, 2013; Say-
gi ve ark., 2015). Yapmis oldugumuz galigsmada balik
etinin kirmizi et ve beyaz et tuketiminden sonra tercih
edilmesinin sebepleri arasinda ilin denize kiyisinin
olmamasi, ilde yemek kulturi bakimindan kirmizi et
ve pastirma, sucuk gibi kirmizi et Urdnlerinin éncelikli
tercih edilmesi olabilir.

Tuketimi 6ncelikli olarak tercih edilen balik tiri baki-
mindan degerlendirildiginde ise, ¢alisma yapilan iller-
de ¢ogunlukla hamsi tuketildigi gérilmustir (Aydin ve
Karadurmus, 2012; Aydin ve Karadurmus, 2013;
Bashimov, 2017; Bolat ve Cevher, 2018; Erimit,
2016; Glngor, 2014; Nalinci, 2013; Orhan ve Yiksel,
2010; Saglam ve Samsun, 2018; Sen ve ark., 2008;
Temel, 2014; Yiksel ve Diler, 2019; Ylksel ve ark.,
2011). Mevcut calismada da hamsi (%61.1) en ¢ok
tiketimde tercih edilen balik tiri olarak belirlenmigtir.
Hamsinin ¢ok tercih edilmesinin nedenleri arasinda
deniz baligi olmasi, fiyatinin nispeten ucuz olmasi ve
bol oldugunan kolay ulagilmasi gdsterilebilir.

Kayseri ilinde yapmis oldugumuz c¢alismada egitim
diizeyi ve gelir seviyesinin balik tiketim miktari tze-
rinde etkili oldugu istatistiksel olarak énemli bulun-
mustur. Egitimin ve gelirin artmasiyla birlikte balik
tuketiminde yasanan anlamli artis, literaturle uyumlu
bulunmustur (Aydin ve ark., 2011; Cadir, 2012; Cola-
koglu ve ark., 2006; Giingér, 2014; ibis, 2012; Hatirl
ve Demircan, 2004; Orhan ve Yiksel, 2010; Soylu,
2018; Yiksel ve ark., 2011). islamoglu (2003), gelir
dlzeyinin satin alma davranisini dogrudan etkileyen
en o6nemli faktérlerden birisi oldugunu bildirilmigstir.
Buna gore, Kayseri halkinin gerek egitim seviyesinin
ve gerekse gelir dizeyinin artirlmasinin balik tuketi-
mine dogrudan yansiyacagini sdylemek yanlis olma-
yacaktir. Gelir artigi saglanmasi, arastirmada balik
fiyatin1 yiksek bulan %40.6 civarindaki tiketicilerin
de balik tiketmesini saglayabilecektir.

Diger taraftan, yapmis oldugumuz calismada tiketici-
lerin % 85.5'i sabit saticidan balik satin aldigini, %
67.9'u hi¢c avlanmadigini ve %20.4’G ise hi¢ balik
tiketmedigini beyan etmistir. Benzer sekilde denize
kiyisi olmayan bazi illerde balik tiiketmeyenlerin oldu-
gu bildirilmigtir (Beyazbayrak, 2014; Nalinci, 2013;
Orhan ve Yuksel, 2010).

Daha 6nce yapilan galigsmalarin gogunda balik tike-
tim tercihi olarak tava-kizartma 6ne gikarken (Aydin
ve Karadurmus, 2013; Baydede, 2018; Colakoglu ve
ark., 2006; Olgunoglu ve ark., 2014; Orhan ve Y(k-
sel, 2010; Sen, 2017; Yiksel ve Diler, 2019) mevcut
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calismada Cicek ve ark., (2014) ile Bayraktar
(2015)'In sonuglarina benzer olarak tiiketim tercihi
acisindan %41.1’i ilk sirada firinda-bugulama seklin-
de tiketmeyi tercih etmektedir.

Yapilan ¢alisma sonuglarina gore; Kayseri ilinde balik
tiketim kiltirantn kirmizi et ve tavuk eti kadar gelig-
medigi ve tuketimin Turkiye ortalamasi kadar oldugu;
egitim ve gelir seviyesi arttikga balik tiketiminin de
arttigl, balik tiketim miktari Uzerinde medeni duru-
mun (evliligin) da etkili oldugu ortaya gikmustir. il'de
balik tiketiminin artirilabilmesi igin; tuketicilerin deniz
baligini tuketme tercihi bali§i taze olarak tiketme
tercihi ile baglantili olup, avlanma yoluyla elde edilen
deniz baliklarinin i¢ bdlgelere daha hizli sevkiyatlar
yapllarak taze tiketime ve ¢esitlilige olanak saglan-
masi 6nem arz etmektedir. Zengin i¢ su kaynaklarina
sahip Kayseri llinde katilimcilarin % 67.9'u balik avla-
madigini belirtmistir. 1| genelinde &zellikle alabalik
uretiminin yogunlastigi Pinarbagi ilgesinde avlanma
ile ilgili etkinlikler diizenlenerek avlanma yoluyla balik
temini ve tiketimini artirmak digtnulebilir.

Ayrica i¢ su kaynaklarinca zengin olan Kayseri ili
balik Uretim tesislerinin devlet destek ve tesvikleri ile
sayillarinin artinlarak gerek Ulke ekonomisine katki
saglamasi gerekse taze balik tiketmek isteyen Kay-
seri halki i¢cin énemli bir diger husustur. Su urinleri-
nin iglenmis hallerinin de tlketilmesinin aligkanhk
haline getiriimesi mevsimsel balik tiketim tercihini de
etkileyecek olup balik tiketim miktarini da artiracak-
tir. Bu amagla gelisen teknoloji imkanlarinin kullanila-
rak tlketimin tum yila yayllmasi adina islenmis su
artnleri yénunden halkin bilinclendiriimesi gerekmek-
tedir. Diger taraftan, gelisen internet teknolojileri kul-
lanilarak tiketimi artirmak amaciyla reklam faaliyetle-
ri, kamu spotlari, gorsel afisler dizenlenerek daha
fazla kisiye ulasiimasini saglanmali, sehir merkezin-
de yogunlagsmis olan balik satis noktalarinin sehrin
farkli noktalarina da kurularak sayilarinin ve erisimle-
rinin artirlmasi ve 6zellikle kamuya ait yemekhane-
lerde yemek listelerinde baliga daha fazla yer veril-
mesi tiketimi artirabilecektir.
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Summary: Anesthetics have been important in ornamental fishes for transport and restriction of behaviors as well as
for surgical applications and studies in science. Also, more economical and appropriate anesthetics can be common
choice for these stiuations. In the study, a total of two hundred and fifty two zebrafish (forty two females and forty two
males in each group) divided in three groups were studied as group A (Anise oil); group T (Thyme oil); group M (Mint
oil). Anesthesia intake and lethal dose values were determined by following the anesthetic entry and recovery times.
There was no anesthetic effect in group A, while anesthetic effects occured in groups T and M in concentrations 1, 5,
10, 20 and 30 mg/l. Similarity was found in groups T and M in terms of anesthesia entry and recovery times (P>0.05).
Nevertheless, no mortality occured in group M. However, 5mg/l tyme oil anesthesia was determined to cause 50%
mortality in male fishes (group T). It was also observed that mint oil has an anesthetic effect on zebrafish with increa-
sing doses determined by anesthesia entry and recorvery times (group M, P<0.05). Thereby, mint oil may be an alter-
native herbal anesthetic agent for zebrafish. However, further studies are neccessary to show the herbal anesthetics
effect on ornamental fishes.

Key words: Anise oil, mint oil, thyme oil, zebrafish

Bazi Bitkisel Yaglarin Zebra Baliklarinda Anestezik Rolii

Ozet: Siis baliklarinda anestezikler, tasima ve davranislarin azaltiimasinda oldugu gibi cerrahi miidahale ve bilimsel
calismalarda da 6nemlidir. Genellikle daha uygun ve ekonomik anestezikler segilmektedir. Calismada toplam ikiyuz elli
iki adet (her grupta kirk iki disi ve kirk iki erkek) zebra baligi Gi¢ gruba ayrildi; grup A (Anason yagi), grup T (Kekik yagr)
ve grup M (Mentol yagdi). Anesteziye giris ve lethal dozlar, anesteziye giris ve ¢ikis surelerine gére degerlendirildi. Ca-
lisma sonunda grup A’da bulunan baliklarda anestezi goriilmezken T ve M gruplarinda 1, 5, 10, 20 ve 30 mg/l konsant-
rasyonlarinda anestezik etkiler gézlendi. Anesteziye giris ve ¢ikis sureleri bakimindan grup T ve M’de istatistiksel ola-
rak anlamli farkhhk belirlenmedi (P>0.05). Ayrica grup M’de hig 6lim gozlenmedi. Ancak, 5 mg/l kekik yadi anestezisi-
nin erkek baliklarda (grup T) %50 oraninda 6lime neden oldugu belirlendi. Mentol yaginin ise artan dozlarina bagli
anesteziye giris ve ¢ikis sureleri degerlendirilerek anestezik etki olusturdugu belirlendi (grup M, P<0.05). Bu nedenle
mentol yagi, zebra baliklarinda alternatif bir bitkisel anestezik madde olarak kullanilabilir. Sts baliklarinda bitkisel anes-
teziklerin etkilerinin belirlenmesi igin daha fazla galigsmaya ihtiya¢ bulunmaktadir.

Anahtar kelimeler: Anason yagi, mentol yagi, kekik yadi, zebra baligi

wide. Also an ideal anesthetic agent should be low-
cost, easily applicable, and available.

Introduction

Anesthetics have been used for reducing stress and
protecting from death which are associated with
transport, catching, measuring, weighing, vaccina-

The most known anesthetic for ornamental fishes is
Trikain Methane sulphonalfanate-Trikain (MS222)

tion, sampling, photographing and surgical applicati-
ons of ornimental fishes (Summerfelt and Smith,
1990; Weber et al., 2011). According to the selection
criteria of anesthetics, rapid entry and exit time of
anesthesia are important as well as the anesthetic
agents. Anesthetic agents, which are expected to
have no residues in tissues, should be effective in
low concentrations, and toxic dose range should be

Gelis Tarihi/Submission Date :11.02.2020
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however, it must be used with sodium bicarbonate
buffer to balance the water pH (Serezli et al., 2005).
Although Food Drug Administration (FDA) limits its
usage for human health, it is still used for fish anest-
hesia. Some researchers reported that MS222 decre-
ases the heart rate and increases the mortality of
zebrafish (Huang et al., 2010). Also, Deebani et al.,
(2019) determined that MS222 may cause vaso-
constriction and change the blood parameters. Ne-
vertheless, nowadays, plant derived anesthetics have
been preferred due to their several positive effects
(Sharif Rohani et al., 2008; Metin et al., 2015). Metin
et al. (2015) determined that 200mg/l dose mint oil
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can be used for rainbow trout safely. It was also re-
ported that 3, 5 and 7 ml/l dose of mint oil was found
effective on carps (Roohi and Imanpoor, 2015).
However, the number of studies on mint oil anesthe-
sia with different species of fishes such as spotted-
sorubim, bass and tambaqui is limited (Faganha and
Gomes, 2005; Souza et al.,, 2012; Sanchez et al.,
2014). The researchers also indicated that carvone,
which is a compund of mint oil, has the anesthetic
efficiency. Another plant derived anesthetic agent
named thyme oil has been used as a medicinal ban-
dage for human through modern medicinal science
(Baydar et al., 2004). Azad et al. (2014) explained
that thyme oil has a protective role on immunity after
anesthesia, and they also indicated that there is a
need for further studies for this purpose. Anise oil
known as a sedative, antispasmodic and antibacte-
rial, and also has attracted attention with its essential
oil contents in recent years. It was reported that alco-
holic extracts and oils of anise may relax the muscles
by antagonist action against contraction of different
organs (Reiter and Brandt, 1985).

In recent years, Zebrafish has been an important
species of ornamental fish used in studies on cancer,
toxicology, medicine and genetics because of its ana-
tomical structure, survival rate and easy nutrition
(Spitsbergen and Kent, 2003; Hengartner and Hor-
vitz, 1994). In this sense, aquaculture of Zebrafish to
provide better quality and more economy has gained
importance.

The purpose of this study was to assess the anesthe-
tic effects of anise, thyme and mint oils in zebrafish.
We also focused on the appropriate doses of these
plant-derived anesthetics for entry and recovery ti-
mes of anesthesia. There exist no data regarding the
use of these oils for anesthesia, although they are
used in medicinal studies if limitedly. We hope this
study will improve our awareness of the effects of all
these anesthetic agents for ornamental fish and sci-
entific studies.

Material and Methods
Ethics statement

All procedures were carried out under ethics licence
(Ethichal no: T2018-7) approved by the

Erciyes Univ Vet Fak Derg 2020; 17(3): 209-214

National Competent Authority for Animal Research in
Tekirdag Namik Kemal University.

Animals and housing

The research was carried out in the Tekirdag Namik
Kemal University, Faculty of Veterinary Medicine,
Fisheries and Diseases Laboratory. Totally two hund-
red and fifty two zebrafish divided into three groups
(n=84; male and female; age, 4 month) were studied
as groups; group A (Anise oil); group T (Thyme oil);
group M (Mint oil). The animals were acclimatized for
seven days in a system tanks of 50 L with water (in
26 to 28 °C water, conductivity, 500 to 600 uS; pH, 8
to 8,2; hardness, 80 ppm; alkalinity, 80 ppm; dissol-
ved oxygen, greater than 8 ppm; ammonia, 0 ppm;
nitrate, 10 to 30 ppm; and nitrite, 0 ppm), in a room
with a 12:12-h light-dark cycle. Feeding was carried
out with an ad libitum commercial diet (Bioaqua) twi-
ce daily.

Experimental design

The experiment was conducted in 3 L of water in an
aquarium with a volume of 5 litres. The anesthetic
agents anise oil, thyme oil and mint oil were diluted in
99.8% ethanol, resulting in a concentrated solution
1:9. The experiment was executed with each twelve
fishes (six male and six female) based on the 0.1,
0.5, 1, 5, 10, 20 and 30 mg/I concentrations of anest-
hetic solutions. Within the trial design, three anesthe-
tics groups were studies as two replications (in
twenty-one day of quarantine) which was modified
from literatures (Chen et al., 2014; Masoumeh and
Masoumeh, 2018) The anesthesia stages were
analysed in three parts; first entry time of anesthesia,
time of anesthesia and exit time from anesthesia.
Anesthesia intake and lethal dose values were deter-
mined by following the anesthetic entry and exit ti-
mes. After the induction period, exit times were eva-
luated, so the animals were removed from anesthesia
tank and transferred to another aquarium containing
anesthetic free water. Physiological responses such
as respiration and behavior were also observed. The
different stages of the anesthesia were described
according to Cunha (2015) (Table 1). The behavioral
patterns was monitored by a digital stopwatch and for
48 hours the animals were put back to an aquarium

Table 1. Behavioral characteristics observed in entry and recovery stages of anesthesia (Cunha, 2015)

Stage Anesthesia entry

Recovery (exit)

Normal reaction to external stimuli
I Partially decrease of swimming motion

Slight movements in the opercular
Slight swimming motion

Loss of muscle movement and balance
Il Decreased respiration rate
Decreased responses to external stimuli

Mild responses to external stimuli
Balance recovery

No responses to stimuli

Il Opercular movement absent
Total loss of reflexes to external stimuli
Immobility at the bottom of aquarium

Normal movement and swimming bal-
ance (Full recovery)
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(80*35*45 cm) for monitoring mortality with feeding,
ventilation and filtration.

Statistical analyses

The results were analyzed with Statistical Package
for Social Sciences (SPSS) version 20.0 (Chicago,
IL, USA). Data were tested for normality distribution
and variance homogeneity assumptions. All the va-
lues were grouped, and the means and standard
errors were calculated. One-way ANOVA was applied
to all parameters of females and males to examine
the difference between anesthesia doses. If the diffe-
rence between groups proved to be significant
(P<0.05), differences were evaluated with Tukey’s
test. On the other hand, in non-homogenous groups,
differences between means were analyzed with Krus-
kal Wallis and following Mann Whitney U test
between groups one by one. Also, statistical analysis
of either anesthesia entry or recovery times between
females and males were determined with Indepen-
dent samples T-test, which considered P<0.05 to be
significant.

Results

The chemical and physical parameters of water were
8.05+0.04 for pH, 26.87+0.16 C for temperature and
8.27+0.18 for oxygen. The difference in body length
and weight between males and females is considered
to be the natural result of gender although they are
peer research material (Table 2).

Nilay Seyidoglu

was occured in fishes which were anesthetized by
thyme oil (group T). Also, there is no sedation occu-
red in group T concentrations 0.1 and 0.5 mg/l and in
group M concentrations 0.1, 0.5, 1 and 5 mgl/l.

When the gender differences were considered,
anesthesia entry and recovery times were found to
be similar between males and females in group T
(Table 2). However, males were found more sensitive
than female ones to recovery times. While all the
males could not recover from anesthesia in concen-
tration of 10 mg/l of thyme oil, female fishes reached
recovery without mortality. Nevertheless, mortality
occured in a concentration of 20 mg/l thyme oil with
ratio %100 of females (Tables 3-4).

There was no mortality in group M. The anesthesia
entry times were found similar in the groups of fema-
les and males for concentrations of 10mg/l, 20mg/l
and 30mg/l of mint oil (P:0.839, P:0.347, P:0.242,
respectively 10mg/l, 20mg/l and 30mg/I concentrati-
ons). Also, males were more sensitive than females.
Although no difference was found between females
and males of anstehesia entry times, the anesthesia
recovery times in concentration 20mg/l and 30mg/I
were found higher in the males than in the females
statistically (Table 5, P:0.04, 20mg/l: 68.50+10.60sec
- 215.00+21.63sec; P:0.01, 30mg/l: 162.75+10.44sec
- 192.13+24.35sec, respectively the females and
males). Furthermore, in the females, anesthesia entry
times were found statistically different by increasing
concentrations of mint oil (Table 6, P<0.0001,

Table 2. Anesthesia entry and recovery times (sec) of zebrafish with different concentrations of thyme oil added

in aquarium water

Female Male P values
(meantSEM) (mean*SEM)
Weight (g) 0.78+0.05 0.64+0.04 0.60
Total lenght (cm) 3.69+0.08 4.01+0.07 0.19
) ) 1 mgll 51.141.72 36.00+1.63 0.90
Anesthesia entry time 5 mg/l 39.63+2.96 34.13+4.13 0.37
(sec) 10 mgll 27.00%1.73 37.00£1.73 1.00
1 mg/l 45.43+1.36 17.86+1.91 0.47
Anesthesia recovery time 5 mgl/l 139.88+34.47 199.63+41.25 0.51
(sec) 10 mg/l 225.63+24.41 - -

In the study, neither anesthetic effect nor mortality
was occured in group anise oil (group A). Although
there was no mortality in group M (mint oil), mortality

40.71+3.69sec, 26.88+1.66sec and 20.38+1.08sec,
respectively 10mg/l, 20mg/l and 30mg/l). On the ot-
her hand, in the female, no differences was found
between concentration 10mg/l (65.00+5.67sec) and

Table 3. Anesthesia entry and recovery times of female zebrafish with different concentrations of thyme oil

Anesthesia Doses

Anesthesia entry time (sec)

Anesthesia recovery time (sec)

(meantSEM) (meanx*SEM)
1 mg/l 51.14+1.72° 45.43+1.36°
5 mgl/l 39.63+2.96° 139.88+34.47°
10 mg/l 27.00%1.73° 225.63+24.41°
P values <0.0001 <0.0001

3P Means with different superscripts in the same column differ at P<0.05.
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Table 4. Anesthesia entry and recovery times of male zebrafish with different concentrations of thyme oil

Anesthesia entry time (sec) Anesthesia recovery time (sec)

Anesthesia Doses

(meantSEM) (meantSEM)
1 mgl/l 36.00+1.63 17.86+1.91%
5 mgl/l 34.1314.13 199.63+41.25°
10 mgl/l 37.00£1.73 -
P values 0.65 0.001

2> Means with different superscripts in the same column differ at P<0.05.

Table 5. Anesthesia entry and recovery times (sec) of zebrafish with different concentrations of mint oil

Female Male P

(meantSEM) (meant*SEM) values
Weight (g) 0.70+0.04 0.510.04 1.49
Total lenght (cm) 3.50+0.11 3.49+0.13 0.45
10 mg/l 40.71£3.69 40.00+4.23 0.84
Anesthesia entry time 20 mg/l 26.88+1.66 31.00+2.07 0.35
(sec) 30 mgl/l 20.38+1.08 20.25+1.66 0.24
10 mg/l 65.00+5.67 64.29+5.92 0.85
Anesthesia recovery time 20 mg/l 68.50+10.60° 215.00+21.63°  0.04
(sec) 30 mgll 162.75+10.44°  192.13+24.35°  0.01

a5 Means with different superscripts between females and males, differ at P<0.05.

Table 6. Anesthesia entry and recovery times of female zebrafish with different concentrations of mint oil

Anesthesia entry time (sec) Anesthesia recovery time (sec)

Anesthesia Doses

(meantSEM) (meanzSEM)
10 mgll 40.714£3.69° 65.00%5.67°
20 mgl/l 26.88+1.66" 68.50+10.60°
30 mg/l 20.38+1.08° 162.75+10.44°
P values <0.0001 0.001

a5 Means with different superscripts in the same column differ at P<0.05.

Table 7. Anesthesia entry and recovery times of male zebrafish with different concentrations of mint oil

Anesthesia entry time (sec) Anesthesia recovery time (sec)

Anesthesia Doses

(meantSEM) (mean*SEM)
10 mgl/l 40.00+4.237 64.29+5.92°
20 mgl/l 31.0042.07° 215.00+21.63°
30 mgl/l 20.25+1.66" 192.13+24.35°
P values 0.001 0.001

2P Means with different superscripts in the same column differ at P<0.05.

20mg/l (68.50+10.60sec) for anesthesia recovery
time, although 30mg/l (162.75+10.44sec) concentra-
tion of mint oil was found significantly different (Table
6, P:0.001). Nevertheless, in the males, only the con-
centration of 30mg/l mint oil was found significant

(64.29+5.92sec) in males (P:0.001).
Discussion and Conclusion

Anesthetic agents can be used for operation, seda-

among anesthesia entry times (Table 7, P:0.001,
10mg/l, 20mg/l  and  30mgl/l, respectively,
40.00+4.23sec, 31.00+2.07sec and 20.25+1.66sec).
Also, anesthesia recovery times in 20mg/l
(215.00+21.63sec) and 30mg/l (192.13+24.35sec) of
mint oil, statistically different than 10mg/I
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tion and reducing stress (Neiffer and Stamper 2009;
Sisecioglu et al., 2009). Also, to slow down the ref-
lexes and remove consciousness are important for
transport as well as for scientific studies of ornamen-
tal fishes. In this study, we found that although anise
oil has only a sedative effect, both thyme oil and mint
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oil have anesthetic efficiency on zebrafish. Besides,
in the study, water was blurred due to anise oil, so
this situation could not give a choice to use this her-
bal for either sedation or anesthesia. Nevertheless, it
was determined that mortality had a high ratio in con-
centration 10mg/l of thyme oil anesthesia. Also, ma-
les had more sensitivity than females due to death
ratio in group thyme oil (group T). However, although
5 mg/l (LD50) and 10 mg/l (LD100) concentration of
thyme oil was detected lethal dose for males, morta-
lity in the females occurred in concentrations 10 mg/l
(LD50) and 20 mg/I (LD100). Although there was no
difference observed in anesthesia entry times in
group thyme oil in the males, decreased times were
observed in increasing concentrations significantly in
females. On the other hand, significant revovery ti-
mes were observed in increased concentrations in
both females (P<0.0001) and males (P:0.001). Fema-
les entered anesthesia more quickly with increasing
dose of thyme oil. It was stated that the concentration
of 10 mg/l noted the highest entry and recovery time
from other concentrations (entry times for 1mgl/l,
5mg/l and 10mg/l respectively 51.14+1.72sec,
39.63+2.96sec and 27.00£1.73sec — P<0.0001; re-
covery times for 1mg/l, 5mg/l and 10mg/l respectively
45.43+1.36sec, 139.88+£34.47sec and
225.63+24.41sec — P:0.001). On the other hand, alt-
hough no difference was observed in the males for
anesthesia entry times, significant difference
(P:0.001) was found in recovery time between con-
centrations 1mg/l (17.86+1.91sec) and 5 mg/l
(199.63+41.25sec). Based on our results, it's thought
to that thyme oil could not be a good and safe anest-
hetic agent for zebrafish. However, in a study with
grass carps, it was reported that thyme oil might be a
better anesthetic agent (Masoumeh and Masoumeh,
2018). Nevertheless, further studies are neccessary
to identify the thyme oil efficiency in fish anesthesia.

There was no mortality in group mint oil (group M) in
both males and females. Also, there was no signifi-
cant difference in anesthesia entry times between
females and males. However, recovery times in ma-
les were longer than females in concentrations 20mg/
| and 30mg/l than 10 mg/l (P:0.01). Metin et al. (2015)
reported that mint oil anesthesia in concentration
200mg/l was effective and safe for rainbow trout.
Roohi and Imanpoor (2015) detected that 3, 5 and
7ml/l oil mint oil concentrations may be useful for
carp. They also indicated that carvone content in mint
oil was important during anesthesia procedure. In our
study, it could be said that concentrations 10, 20 and
30 mg/l of mint oil may used safely for zebrafish and
thereby ornemantal fishes. However, Rezende et al.
(2017) observed that mint oil anesthesia should not
be recommended for sedation and handling due to
their adverse effects on behaviors. On the other
hand, Spanghero et al., (2019) reported that 80mgl/l
peppermint oil has an anesthetic effect on silver cat-

Nilay Seyidoglu

fish. Also, it has been proven as an anesthetic for
tropical fishes as sorubim or tambaqui according to
some researches (Faganha and Gomes, 2005; Sanc-
hez et al., 2014).

Nowadays, choice of anesthetics in ornemantal fis-
hes depend on cost, avaliability, administration pro-
cedure and recovery rates. Also, herbal anesthetic
agents have been used as an alternative to chemical
ones which are risky for health and economically
unfavorable. Especially mint oil may be the most app-
ropriate herbal anesthetic agent. Nevertheless, there
is limited study about herbal anesthetics, their usages
and also effects on species of ornamental fishes.
Thereby it is necessary further studies to identify the
herbal anesthetics and their usages for ornamental
fishes.
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Ozet: Kadmiyum ve diger agir metaller hem gevresel hem de mesleki maruziyetlerle insan sagligini tehdit etmekte ve
sanayide yaygin olarak kullaniimaktadir. Resveratrol anti-inflamatuvar, antioksidan, antitimér ve immunomodulator
oOzellikleri olan dogal bir polifenolik bilesiktir. Bu nedenle yapilan galismada farelerin plazma, karaciger, bébrek ve kalp
dokusunda kadmiyum toksisitesine karsi resveratroliin koruyucu etkisi arastirilmistir. Calismada 35 fare esit olarak 5
gruba ayrilmistir. Kontrol grubu, alkol grubu, kadmiyum grubu (CdCl,, 1 mg/kg/giin), resveratrol grubu (10 mg/kg/gln),
kadmiyum+resveratrol grubu (1 mg/kg/giin+10 mg/kg/giin) olarak belirlenmistir. TUm uygulamalar 21 gln sureyle oral
gavaj yoluyla uygulanmistir. Uygulama siiresi sonunda karaciger, bobrek ve kalp dokusunda oksidatif stresin gésterge-
si olarak malondialdehit (MDA) ve nitrik oksit (NO) miktarlari, antioksidan savunmanin biyobelirteci olarak rediikte glu-
tatyon (GSH) miktari, akut faz yanitin bir gostergesi olan total siyalik asit (TSA) ve plazmada aspartat aminotransferaz
(AST), alanin aminotransferaz (ALT), gamma glutamil transpeptidaz (GGT) aktiviteleri spektrofotometrik yontemlerle
belirlenmistir. Kontrole gore, kadmiyum verilen grupta doku (karaciger, bobrek ve kalp) MDA, NO, TSA dizeyleri ile
plazma AST, ALT, GGT aktiviteleri dnemli derecede artarken, doku GSH diizeyi ise 6nemli derecede azalmistir. Kad-
miyum-+resveratrol verilen grupta ise doku MDA, NO, TSA diizeyleri ile plazma AST, ALT, GGT aktivitelerinin kadmi-
yum verilen gruba gore istatistiksel olarak énemli derecede azalirken, doku GSH duzeyi ise 6nemli derecede artmistir.
Sonug olarak kadmiyumun toksik etkisine karsi resveratrolliin karaciger, bobrek ve kalpte koruyucu etkisinin olabilecegi
kanisina variimigtir.

Anahtar kelimeler: Kadmiyum, oksidatif stres, resveratrol, siyalik asit

The Investigation of the Protective Effect of Resveratrol on Oxidative Stress Levels in Mice Given Cadmium
Summary: Cadmium and other heavy metals which are commonly used in industry could threaten human health with
both environmental and occupational exposures. Resveratrol, a natural polyphenol, is thought to have some properties
such as anti-inflammatory, antioxidant, antitumor and immunomodulatory. Therefore, the present study was designed
to examine the protective effect of resveratrol on cadmium toxicity in plasma, liver, kidney and heart tissue of mice. In
our study, thirty five mice were equally divided into five groups. Control group, alcohol group, cadmium group (CdCl_, 1
mg/kg/day), resveratrol group (10 mg/kg/day), cadmium+resveratrol group (1 mg/kg/day+10 mg/kg/day). All treatments
were administered orally via gavage for 21 days. The amount of malondialdehyde (MDA) and nitric oxide (NO) as an
indicator of oxidative stress in liver, kidney, and heart tissue at the end of the application period, the amount of reduced
glutathione (GSH) as a biomarker of antioxidant defense, total sialic acid (TSA) as an indicator of acute phase respon-
se and aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl transpeptidase (GGT)
activities in plasma were determined by spectrophotometric methods. In cadmium group, it was determined that tissue
MDA, NO, TSA level and plasma AST, ALT, GGT activities increased significantly compared to control in the tissue
(liver, kidney, and heart), while tissue GSH level decreased significantly compared to control. In cadmium+resveratrol
group, it was determined that tissue MDA, NO, TSA level and plasma AST, ALT, GGT activities decreased, while tis-
sue GSH level increased statistically significantly compared to cadmium groups. As a result, it was concluded that res-
veratrol may have a protective effect on the liver, kidney and heart against the toxic effect of cadmium.

Key words: Cadmium, oxidative stress, resveratrol, sialic acid
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ye yilksek emisyon diizeyinde yayildigindan insan
sagligini tehdit eden 6nemli bir cevresel kirletici ola-
rak degerlendiriimektedir. Kadmiyumun insanlarda
cesitli organ kayiplari ve kanseri tetikledigi bilinmek-
tedir. Kadmiyumun buyuk bir kismi karaciger ve béb-
reklerde birikmektedir (Kim ve ark., 2013). Birikime
baglh olarak olusan doku hasarlari ve hiicre éliimleri-
nin sistemik enflamasyon ve reaktif oksijen tirlerinin
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Uretimi ile indiklenen oksidatif stresle iliskili olabilece-
gi bildiriimektedir. Yapilan caligmalarda kadmiyum
kaynakli reaktif oksijen tirleri tretiminin hem zaman
hem de konsantrasyona bagli oldugu ayni zamanda
stperoksit dismutaz (SOD), glutatyon peroksidaz
(GPx) ve katalaz (CAT) gibi enzimlerin yani sira anti-
oksidan savunmada énemli roli olan glutatyon mikta-
rinin azalmasini da etkiledigi belirtiimistir (EI-Ebiary
ve ark., 2016).

Resveratrol kirmizi meyvelerde bulunan dogal polife-
nolik bir bilesiktir. Resveratroliin antioksidan, antipro-
liferatif ve anti-inflamator 6zelliklerinin yani sira kardi-
ovaskdler hastaliklar, yaslanma, metabolik hastaliklar
ve kansere kars! koruyucu etkileri bilinmektedir. Res-
veratroliin en iyi bilinen 6zelligi reaktif oksijen turleri
gibi serbest radikalleri reaktif olmayan bilesiklere d6-
nistiren antioksidan 6zelligidir (Yousef ve ark.,
2017).

Nitrik oksit (NO), nitrik oksit sentazlar (NOS)'in L-
arjinini okside ederek L-sitrullin olugturmasiyla sen-
tezlenmektedir. Memelilerin, damar endoteli, beyin,
makrofaj, Uriner sistem gibi farkli dokularindan néro-
nal (nNOS), uyarilabilir (iNOS) ve endoteliyal (eNOS)
olmak Uzere (g farkli tip NOS izoformu izole edilmis-
tir. Nitrik oksit, oksidatif stres altinda apoptozisi, sito-
toksisiteyi, mutajenezisi ve DNA hasarini artirir, ayri-
ca lipit oksidasyonuna da neden olur (Atakisi ve Mer-
han, 2017).

Glikoproteinler, glikolipidler, polisakkaritler ve mukop-
roteinlerin yapisina katilan siyalik asit, mannozamin
ve piruvatin kondenzasyonu ile olusan néraminik
asitin asetillenmis tiurevleridir. Total siyalik asit ise
serbest, proteine ve lipide bagl siyalik asidin toplami-
ni ifade etmektedir (Merhan ve Ozcan, 2004).

Calismada resveratroliin, toksik bir madde olan kad-
miyumun meydana getirdigi zararh etkilerine karsi
karaciger, bébrek ve kalpte olasi koruyucu etkilerinin
arastinimasi1 amaclanmigtir.

Gereg ve Yontem

Bu calisma, Kafkas Universitesi Hayvan Deneyleri
Yerel Etik Kurulu (KAU-HADYEK) Bagkanhginin
2016/030 kodlu etik kurul onayi ile yapiimistir. Calis-
mada kullanilan Swiss albino fareler (n=35) Erzurum
Veteriner Kontrol Enstitisi Deney Hayvanlari Biri-
minden temin edilmistir. Fareler, bir aylik adaptasyon
suresi boyunca ad libitum standart fare yemi ve su ile
beslenmistir. Fareler agirliklarina gére her bir grupta
7 adet olmak Uzere toplam 5 gruba ayrilmistir. Kont-
rol grubu; ad libitum beslenen (n=7), alkol grubu; %
1’lik etil alkol (resveratrol etil alkolde ¢6zuldigu igin)
(n=7), kadmiyum grubu; 1 mg/kg/gin kadmiyum
(CdCly) (n=7), resveratrol grubu; 10 mg/kg/glin resve-
ratrol (n=7), kadmiyum+resveratrol grubu; 1 mg/kg/
gin kadmiyum (CdCl,) ve 10 mg/kg/glin resveratrol
verilen gruplar olarak belirlenmistir. Tim uygulamalar
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21 gun sureyle oral gavaj yoluyla uygulanmigtir. Ca-
lismada kullaniimak igin gerekli olan kan ve doku
(karaciger, bobrek ve kalp) numuneleri alinmigtir.
Son uygulamalardan 24 saat sonra, kan &rnekleri
antikuagllanli (EDTA) tiplere intrakardiyak olarak
alinmis ve farelere servikal dislokasyon yontemi uy-
gulanmistir. Kan 6rnekleri, 3000 devirde 15 dakika
santrifilj edilerek plazmalari elde edilmis ve Ornekler
analiz edilinceye kadar -20 °C’de derin dondurucuda
saklanmistir. Plazmada AST, ALT, GGT enzim aktivi-
teleri analizleri ticari test kitleri (Biolabo, Fransa) ile
yaplimigtir. Karaciger, bobrek, kalp dokulari hizli ve
hasarsiz bir sekilde gikariimigtir. Biyokimyasal analiz
icin alinan 1 g karaciger, bébrek ve kalp doku érnek-
leri fosfat tampon ¢ozeltisi ile 5 kat sulandirilarak buz
Uzerinde, 12000 rpm'de 2 dakika boyunca homojeni-
ze edilmistir. Homojenatlar, 14000 rpm'de 4 °C’'de 10
dakika santrifiij edilmistir. Elde edilen stipernatantlar
biyokimyasal analizler yapilana kadar -45 °C’de sak-
lanmistir. Elde edilen stpernatantlardan MDA Yoshi-
oka ve ark. (1979), NO Miranda ve ark. (2001), GSH
Beutler ve ark. (1963), TSA analizi ise Sydow’un
(1985) bildirdikleri metoda gore yapilmigtir.

Istatiksel analiz

Verilerin istatistiksel analizi SPSS® paket programi
(SPSS 16.0, Chicago, IL, ABD) kullanilarak yapildi.
Gruplardaki denek sayisinin azhgi tek yonlu varyans
analiz varsayimini yerine getirmediginden dolayi
gruplarin istatistiksel karsilastirimasinda Kruskal-
Wallis siralamali tek-yonli varyans analizi kullanildi.
Post-hoc coklu karsilastirma yontemi olarak Mann-
Whitney U testi uygulandi. Elde edilen sonuglar orta-
lama * standart hatasi olarak verildi. statistiksel de-
gerlendirmede P<0.05 degeri istatistiksel olarak an-
lamli kabul edildi.

Bulgular

Karaciger dokusu igin; kadmiyum verilen grupta kont-
role gore, MDA (P=0.001), NO ve TSA (P<0.001)
dizeylerinin arttigi, GSH (P=0.001) dlzeyinin ise
istatistiksel olarak azaldigi tespit edilmistir. Kadmi-
yum-+resveratrol verilen grupta ise kadmiyumun MDA
ve GSH konsantrasyonlarina yapmis oldugu olumsuz
etkiyi resveratroliin dnledigi goériimastir. Ayrica kad-
miyum-+resveratrol grubunda MDA ve GSH konsant-
rasyonlari igin kontrole gore yapilan karsilastirima-
sinda istatistiksel bir fark belirlenmedigi (P>0.05),
fakat NO ve TSA konsantrasyonlarinda resveratrol
sayisal deger olarak kadmiyumun etkisini énlemekle
beraber kontrole karsi istatistiksel olarak fark tespit
edilmemistir (P>0.05) (Tablo 1).

Bobrek dokusu igin; kadmiyum verilen grupta kontrole
gore, MDA, NO ve TSA dlzeylerinin istatistiksel ola-
rak arttigi (P<0.001), GSH (P=0.003) dlzeylerinin ise
azaldigi tespit edilmistir. Kadmiyum-+resveratrol veri-
len grupta ise kadmiyumun MDA ve GSH konsantras-
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Tablo 1. Karaciger MDA, GSH, NO ve TSA duzeyleri

Oguz MERHAN

KARACIGER MDA (umollg GSH (umol/lg NO (umol/g yags TSA (mg/g yas
yas doku) yas doku) doku) doku)

Kontrol 0.51+0.02 2 3.84+0.11 2 0.73£0.04 ® 0.65+0.06 °

Alkol 0.49+0.01 2 3.81+0.06 2 0.67+0.04 2 0.6120.04 2

Kadmiyum 0.78+0.03 2.74+0.07 ° 1.3240.04 ¢ 1.47+0.05°

Resveratrol 0.49+0.01 2 3.77+0.08 2 0.84+0.03 ™ 0.68+0.03 2

Kadmiyum+Resveratrol 0.56+0.02 2 3.68+0.05 2 0.91+0.05¢ 0.84+0.03 ©

P Degeri 0.001 0.001 <0.001 <0.001

abed: Her siitundaki farkl harfler istatistiksel olarak dnemli farki gdstermektedir.

yonlarina yapmis oldugu olumsuz etkiyi resveratroliin
Onledigi belirlenmigtir. Ayrica kadmiyum-+resveratrol
grubunda MDA ve GSH konsantrasyonlari igin kont-
role gore yapilan karsilastirimasinda istatistiksel bir
fark ¢ikmadigi (P>0.05), fakat NO ve TSA konsant-
rasyonlarinda resveratrol sayisal deger olarak kadmi-
yumun etkisini dnlemis gibi gériinsede kontrole karsi
istatistiksel olarak fark gorildigi saptanmistir
(sirasiyla P=0.025 ve P=0.002) (Tablo 2).

Tablo 2. Bébrek MDA, GSH, NO ve TSA diizeyleri

rak arttigi (P<0.001), GSH dizeylerinin ise azaldigi
(P=0.003) tespit edilmistir. Kadmiyum-+resveratrol
verilen grupta ise kadmiyumun MDA konsantrasyonu-
na yapmis oldugu olumsuz etkiyi resveratrolin dnle-
digi saptanmistir. Ayrica kadmiyum-+resveratrol gru-
bunda MDA konsantrasyonu i¢in kontrole gére yapi-
lan karsilastinimasinda istatistiksel bir fark olmadigi
(P>0.05), fakat GSH, NO ve TSA konsantrasyonlarin-
da resveratrol sayisal deder olarak kadmiyumun etki-

BOBREK MDA (pmol/lg GSH (nmol/g NO (umol/g yags TSA (mg/g yas
yas doku) yas doku) doku) doku)

Kontrol 1.67+0.03 ® 4.58+0.08 ® 2.08+0.07 @ 5.33+0.12 2

Alkol 1.590.03 @ 4.61+0.05 ® 2.06+0.08 ® 5.28+0.05 ®

Kadmiyum 2.18+0.08 ° 4.12+0.06 ° 3.14+0.09 ° 8.24+0.11°

Resveratrol 1.62+0.05 4.53+0.07 ® 2.27+0.09 * 5.62+0.07 °

Kadmiyum+Resveratrol 1.73+0.04 @ 4.47+0.07 ® 2.39+0.07 ° 5.97+0.09 °

P Degeri <0.001 0.003 <0.001 <0.001

abed: Her siitundaki farkl harfler istatistiksel olarak dnemli farki gOstermektedir.

Tablo 3. Kalp MDA, GSH, NO ve TSA dlzeyleri

KALP MDA (umollg GSH (umollg NO (umol/gyas TSA (mg/g yas
yas doku) yas doku) doku) doku)

Kontrol 1.09+0.03 @ 0.82+0.06 @ 1.94+0.08 @ 1.35+0.06 @
Alkol 1.12+0.04 ¢ 0.84+0.04 @ 1.97+0.06 ® 1.33+0.05 ¢
Kadmiyum 1.96+0.05° 0.56+0.04 ° 2.86+0.05° 2.94+0.08 °
Resveratrol 1.15+0.04 @ 0.79+0.04 *° 2.11+0.05 *° 2.07+0.07 ¢
Kadmiyum+Resveratrol 1.27+0.06 2 0.65+0.04 ™ 2.24+0.05 ° 2.26+0.05 °
P Degeri <0.001 0.003 <0.001 <0.001

abe: Her siitundaki farkll harfler istatistiksel olarak dnemli farki géstermektedir.

Tablo 4. Plazma AST, ALT ve GGT aktiviteleri

PLAZMA AST (IU/L) ALT (IU/L) GGT (IU/L)
Kontrol 142.38+2.86 2° 53.18+3.85 ® 2.78+0.04 °
Alkol 144.2416.56 ® 57.62+2.95 * 2.82+0.07 °
Kadmiyum 212.78+5.13 ¢ 105.31+#3.33 ° 8.63+0.38°
Resveratrol 134.74+3.78 @ 50.67+2.44° 3.15+0.14 °
Kadmiyum+Resveratrol 158.83+6.88 ° 55.23+1.67 ° 4.52+0.07 °

P Degeri <0.001 0.001 <0.001

abe: Her siitundaki farkll harfler istatistiksel olarak 6nemli farki gostermektedir.

Kalp dokusu igin; kadmiyum verilen grupta kontrole
gore, MDA, NO ve TSA duzeylerinin istatistiksel ola-

sini 6nlemis gibi goriinsede kontrole karsi istatistiksel
olarak fark belirlenmigtir (sirasiyla P=0.035, P=0.025,
P=0.002) (Tablo 3).
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Plazmada; kadmiyum verilen grupta kontrole gore,
AST, ALT ve GGT aktivitelerinin istatistiksel olarak
artis gosterdigi tespit edilmistir (sirasiyla P<0.001,
P=0.001, P<0.001). Kadmiyum-+resveratrol verilen
grupta ise kadmiyumun AST ve ALT aktivitelerine
yapmis oldugu olumsuz etkiyi resveratroliin 6nledigi
gOrulmustir. Ayrica kadmiyum-+resveratrol grubunda
AST ve ALT aktiviteleri igin kontrole gore yapilan
karsilagtirimasinda istatistiksel bir fark ¢ikmadig
(P>0.05), GGT aktivitesinde ise resveratrolin kadmi-
yumun olumsuz etkisini tolere edemedidi belirlenmis-
tir (P=0.002) (Tablo 4).

Tartisma ve Sonug

Kadmiyum ve diger agir metaller insan sagligini teh-
dit etmektedir. Yari dmrinun uzun olmasi, sanayide
yaygin olarak kullanimi ve hemen hemen tim sistem-
lere toksik etki gbésterebilmesi sebebiyle ayri bir 6ne-
me sahip oldugu belirtiimistir (Wang ve Du, 2013).
Pulmoner ve gastrointestinal absorbsiyonun ardindan
buyuk bir kisminin karaciger ve bobrekte biriktigi ve
idrarla atildigi bildirilmistir. Karacigerde kiglk peptid-
ler ve sulfidril gruplar aracihigi ile glutatyon veya afi-
nitesi daha yuksek olan metal baglayici protein olan
metallotionein gibi proteinlerle kompleksler olusturu-
rak antioksidan sistemlerin etkinliginin azalmasina
neden oldugu saptanmistir (Kim ve ark., 2013).

Resveratrol izim, kirmizi sarap gibi birgok bitki tU-
rinde bulunan ve antiinflamatuvar, antioksidan, anti-
timor ve immunomodulatér ézellikleri olan dogal bir
polifenolik bilesik oldugu bildirilmistir. Oksidatif strese
bagli olarak olugan hiicresel hasarlari ve apoptozu
Onleyerek siiperoksit anyonlarini ve hidrojen peroksiti
hicreden uzaklastirmada oldukga gicli bir etkiye
sahip oldugu belirtilmistir (Das ve Maulik, 2006).

Deney hayvanlarinda yapilan bircok calismanin so-
nuclarina gére akut kadmiyuma maruz kalma duru-
munda oksidatif stresin artarak oncelikle karaciger
hasari ve kadmiyum toksisitesine neden oldugu bildi-
rilmektedir (Sarkar ve ark., 1995; Bagchi ve ark.,
1996). El-Demerdash ve ark. (2004) ratlarda 15 giin
boyunca oral gavaj yoluyla 5 mg/kg CdCl, uyguladik-
lar bir calismada kadmiyumun karaciger dokusunda
hiicre hasari olusturdugunu géstermislerdir. Yapilan
farkli bir calismada, kadmiyum uygulamasi sonucun-
da karacigerde hasar olustugu ve karaciger homoje-
natlarinda MDA diizeyinin arttigi, SOD ve CAT aktivi-
telerinde ise dusus saptandidi bildiriimistir (Koyu ve
ark., 2006). Nitrik oksitin ise hipertansiyon, astim,
septik soka kadar degisken bir dizi hastaliklarin pato-
genezinde rol oynadigi, DNA hasarini arttirdigi, de-
mirsilfur iceren enzimlerin fonksiyonunu degistirdigi
ve mitokondriyal solunumu bozdugu bildiriimektedir
(Gross ve Wolin, 1995). In vitro bir calismada, ortam-
daki kadmiyumun endotel hiicreleri tarafindan Ureti-
len NO'i inhibe ettigi (Kishimoto ve ark., 1994), baska
bir gcalismada ise kronik kadmiyum maruziyeti sonra-
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sinda ratlarin plazma NO duzeylerini disurdigi gos-
terilmistir (Skoczynska ve Martynowicz, 2005). Calig-
mamizda ise karaciger dokusunda kadmiyum verilen
grupta kontrole gére MDA, NO ve TSA dizeyleri ar-
tarken, kadmiyum-+resveratrol verilen grupta MDA
seviyelerinin resveratrol aracili olarak énlendigi fakat
NO ve TSA konsantrasyonlarinda istatistiksel olarak
bir farkin olusmadigi gérilmdstir.

Metallotionein proteinlerinin sentezinin karacigerde
olmasindan dolay! karaciger kadmiyum toksikasyonu
icin 6nemli bir organdir (Coyle ve ark., 2000). Shirais-
hi ve ark. (1994) tek basina kadmiyum uygulamasi
sonucu karaciger metallotionein miktarinin arttigini
gOstermistir. Metallotioneinlerin  yaninda hiicresel
antioksidan savunma sistemlerinin iglevselligi de bir
diger 6nemli husustur. Ratlarda yapilan bir ¢alisma-
da, kadmiyum uygulamasi sonucunda karaciger SOD
ile CAT aktivitelerinde dusiis saptandidi bildirilmistir
(Koyu ve ark., 2006). Yaptigimiz calismada da litera-
turdeki bilgilere paralel olarak kadmiyum verilen gru-
bun karaciger dokularinda kontrole kiyasla GSH du-
zeylerinin azaldigi tespit edilmis ve ayni zamanda
kadmiyum-+resveratrol verilen grupta GSH konsant-
rasyonlarinin kontrol diizeyine yaklastigi gérulmustar.
Bu koruyucu etkinin, resveratrolin hiicresel antioksi-
dan savunmayi gugclendirmesi yoluyla sekillendigi
kanaati olusmustur.

Hepatositlerde sentezlenen plazma ALT, AST ve
safra kanalinda sentezlenen GGT enzimleri karaciger
hasarinin belirlenmesinde kullanilan dnemli belirteg-
lerdendir (Pratt ve Kaplan, 2000). Farelerde olusturu-
lan deneysel toksikasyon sonucunda ise AST ve ALT
aktivitesindeki ylkselmeyi resveratrol uygulanmasi-
nin dustrdigu bildirilmistir (Sener ve ark., 2006).
Elde ettigimiz bulgularda da literatiirde sunulan bilgi-
ler ile paralel olarak plazma AST, ALT ve GGT aktivi-
telerinin kadmiyum verilen grupta kontrol grubuna
nazaran, istatistiksel olarak arttigini géstermekle bir-
likte kadmiyum+resveratrol uygulamasinin AST ve
ALT aktivitelerini fizyolojik sinirlara ¢ektigi goéraimis-
tur. Ayrica kadmiyum+resveratrol grubunda AST ve
ALT aktiviteleri igin kontrole kargi yapilan kargilastiril-
masinda istatistiksel bir fark olmadigi tespit edilmistir.
Fakat GGT aktivitesinde resveratrol sayisal deger
olarak kadmiyumun etkisini 6nlemis gibi gorllse de
kontrole kiyasla istatistiksel bir farkin varligi tespit
edilmistir.

Bobrekler ise kadmiyum toksikasyonunda sekonder
hedef organ olarak degerlendiriimektedir. Clinkli kad-
miyum bosaltim sistemi yoluyla viicuttan uzaklastiril-
maktadir. Kadmiyum proksimal tlbdilleri etkileyerek
bébreklerde fonksiyon bozukluguna neden olmakta
bunun sonucunda da kanda yiksek asit seviyesiyle
seyreden bircok hastaligin patogenezinde rol oyna-
maktadir (Tsuruoka ve ark., 2000). Renugadevi ve
Prabu (2009) yaptiklar ¢galismada 4 hafta boyunca 5
mg/kg CdCl;’iin bébrek dokusunda hasar olusturdu-
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gunu bildirmislerdir. Yapilan farkli bir calismada da,
tek bagina kadmiyum uygulamasinin bobrek metallo-
tionein miktarlarinda énemli bir artisa neden oldugu
gOsterilmigtir. Bu bilgilere ek olarak resveratrolin
iskemik bobrek modelinde lipit peroksidasyon seviye-
sini distrdigu bilinmektedir (Sener ve ark., 2006).
Elde ettigimiz verilere goére bdbrek dokularinda, kad-
miyum verilen grupta kontrole grubuna kiyasla, MDA,
NO ve TSA duzeylerinin istatistiksel olarak arttigini,
GSH duzeylerinin ise azaldigini gostermekte olup
kadmiyum-+resveratrol verilen grupta kadmiyumun
MDA ve GSH konsantrasyonlarina yapmis oldugu
olumsuz etkiyi resveratrolin &nledigi goralmustar.
Cunki ayni grubun MDA ve GSH konsantrasyonlari
icin kontrole gdre yapilan karsilastirimasinda istatis-
tiksel bir fark gikmamistir. Fakat NO ve TSA konsant-
rasyonlarinda resveratrol sayisal deger olarak kadmi-
yumun etkisini 6nlemis gibi gértinse de kontrole gore
istatistiksel farkin sekillendigi gérilmektedir.

Kadmiyumun, kalpte metabolik ve yapisal bozuklukla-
rin yani sira hipertansiyon olusumunda da etkili oldu-
du belirtiimektedir (Tomera ve ark., 1991). Kardiyomi-
yositlerde mitokondri hasari olusturarak hicre solu-
num ve enerji metabolizmasinda bozulmaya neden
oldugu bilinmektedir (Skowerski ve ark., 2000). Ayri-
ca kadmiyumun kalpte birikme oraninin, karaciger ve
bdbrekle kiyaslandiginda oldukga disuk oldugu kay-
dedilmistir (Tomera ve ark., 1991). Kadmiyum okside
maruz kalan iscilerde, kardiyovaskuler sistem hasta-
liklarin gérilme sikhginin 4 kat arttigi rapor edilmistir
(Vorobieva ve Eremeeva, 1980). Yapilan galismalar
resveratrolin kalp dokusu i¢in koruyucu etkilere sahip
oldugunu isaret etmektedir (Giovannini ve ark.,
2001). Ek olarak rat aorta diiz kas hticre kultrlerinde
yapilan farkli bir calismada, resveratrol uygulamasi-
nin hicresel GSH duzeyini kontrol gruba gére anlamli
derecede yukselttigi bildirilmistir (Li ve ark., 2006).
Verilerimiz literatUrdeki bilgilere paralel olarak kadmi-
yumun kontrol grubuna nazaran kalp dokularinda
MDA, NO ve TSA diizeylerini istatistiksel olarak arttir-
digini fakat GSH duzeylerini ise azalttigini gdster-
mektedir. Kadmiyum+resveratrol verilen grupta ise
kadmiyumun MDA konsantrasyonuna yapmis oldugu
olumsuz etkiyi resveratrolin &nledigi gorilmustdr.
Cunkid ayni grubun MDA konsantrasyonu igin kontro-
le karsi yapilan karsilastiriimasinda istatistiksel bir
fark gikmamigtir. Fakat GSH, NO ve TSA konsantras-
yonlarinda resveratrol sayisal deger olarak kadmiyu-
mun etkisini énlemis gibi gériinsede kontrole karsi
istatistiksel olarak fark goérilmektedir. Lindberg ve
ark. (1991) yaptiklar bir ¢galismada, serum TSA kon-
santrasyonlari ile kardiovaskdler hastaliklar nedeniyle
Olimler arasinda bir iligki oldugunu bildirmiglerdir. Bu
yonlyle galismamizda, resveratrol aracili olarak du-
sen TSA seviyelerinin, pozitif kardiyovaskiler etkileri-
nin de oldugu sdylenebilir.

Sonug olarak bu galismada, kadmiyum uygulanan
farelerin karaciger, bobrek ve kalp dokusunda oksida-

Oguz MERHAN

tif stresin indlklendigini ve antioksidan sistemin kad-
miyumun toksik etkisini elimine etmede yetersiz kaldi-
gt gostermektedir.  Resveratrol ve  kadmi-
yum-+resveratrol uygulanan farelerde ise karaciger,
bdbrek ve kalp dokusunda ise oksidatif stresin azaldi-
g1 ve antioksidan sistemin kadmiyumun toksik etkisini
azaltarak doku hasarini 6nledigi kanisina variimistir.
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Summary: N-Acetylcysteine (NAC) is both a strong antioxidant and a glutathione precursor. The effect of NAC on the
oxidant/antioxidant status of some tissues of the irradiated rats was investigated. Twenty one rats were assigned to 3
groups; the control group, the irradiation group, for which physiological saline solution was administered as i.p. for
three days and then, 9 Gy gamma irradiation was applied, and 3" irradiation + NAC group for which NAC was adminis-
tered as i.p. for three days as 300 mg/kg body weight and then the same dose of irradiation was applied. Upon irradia-
tion, the increase determined in malondialdehyde (MDA) was significant in the liver, kidney, and brain tissues of the
rats (P<0.05). While glutathione peroxidase (GSH-Px) activity decreased in all of the tissues and superoxide dismutase
(SOD) activity only in the liver (P<0.01), glutathione (GSH) levels significantly increased in the kidney and ovarium
tissues (P<0.001). While NAC administration returned the increased MDA levels in the kidney and brain as a result of
irradiation to normal levels (P<0.05), it was determined that it did not return the increased MDA levels in the liver tissue
to the normal level (P<0.001). While NAC addition led to a significant increase in GSH levels of the liver, heart, spleen,
brain and ovarium tissues compared to both control and irradiation groups, it caused a significant decrease in the kid-
ney tissue compared to irradiation group (P<0.001). As a result of NAC addition, a significant decrease was determined
in spleen GSH-Px activity, heart and ovarium SOD activity compared to control and irradiation groups (P<0.05). It can
be asserted that GSH increasing by the addition of NAC is the main antioxidant that has a role in decreasing oxidative
stress occurring as a result of irradiation. In the examination of MDA values, it was found that the addition of NAC pro-
tected the kidney and brain against the oxidative damage induced by irradiation but NAC addition could remain insuffi-
cient for the liver.

Key words: Irradiation, N-Acetylcysteine, oxidative stress

Radyasyona Maruz Kalan Ratlarda Oksidan/Antioksidan Durum Uzerine N-Asetilsistein’in Etkisi

Ozet: N-Asetilsistein (NAC) hem giiglii bir antioksidan, hemde glutatyon prekiirsériidiir. Radyasyona maruz kalan
ratlarin bazi dokularindaki oksidan/antioksidan durum tGzerine NAC'in etkisi arastirildi. Yirmi bir rat (¢ gruba boélindu;
1. grup kontrol grubu. 2. grup radyasyon grubu; serum fizyolojik U¢ gun i.p. verildikden sonra 9 Gy gamma radyasyon
uygulandi. Ugiincii grup radyasyon + NAC grubu; NAC, 300 mg/kg canli agirlik i.p. olarak ii¢ giin siireyle verildi ve
sonra ayni dozda radyasyon uygulandi. Radyasyon sonucu, ratlarin karaciger, bdbrek ve beyin dokularinda malondial-
dehit (MDA)'de dnemli artis saptandi (P<0.05). Tum dokulardaki glutatyon peroksidaz (GSH-Px) aktivitesi ve sadece
karaciger superoksit dismutaz (SOD) aktivitesi azaldi (P<0.01), bdbrek ve ovaryum dokularinda glutatyon (GSH)
dizeyleri 6nemli olarak artti (P< 0.001). N-Asetilsistein ilavesinin radyasyon sonucu bobrek ve beyindeki artmis MDA
seviyelerini normal seviyeye ulastirirken (P<0.05), karaciger dokusunda artan MDA seviyelerini normal seviyeye
(P<0001) getiremedigi belirlendi. N-Asetilsistein ilavesi hem kontrol hemde radyasyon uygulanan gruba gore; kara-
ciger, kalp, dalak, beyin ve ovaryum dokularinin GSH seviyelerinde 6nemli artisa, bobrek dokusunda radyasyon uygu-
lanan gruba gére 6nemli azalmaya sebep oldu (P<0.001). N-Asetilsistein ilavesiyle dalak GSH-Px aktivitesinde, kalp ve
ovaryum SOD aktivitesinde kontrol ve radyasyon uygulanan gruba goére 6nemli azalma tespit edildi (P<0.05). N-
Asetilsistein ilavesiyle artan GSH'un radyasyon sonucu olusan oksidatif stresi azaltmada rol alan ana antioksidan
oldugu séylenebilir. Doku MDA degerleri incelendiginde, NAC ilavesinin bobrek ve beyini radyasyonun neden oldugu
oksidatif hasardan korumasina ragmen, karaciger igin yetersiz kalabilecegi dustnulebilir.

Anahtar kelimeler: N-Asetilsistein, oksidatif stres, radyasyon
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medical diagnosis, dental radiography, and several
imaging protocols and also its exposure is seen in
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accidental radiation releases (Radwan and Moha-
med, 2018). A detrimental effect of irradiation is the
production of reactive oxygen species (ROS), which
includes superoxide anion radical (-O; ), hydrogen
peroxide (H20,), and hydroxyl radical ( OH). ROS are
highly reactive and could diffuse to vital cellular tar-
gets like DNA, proteins and membrane, ultimately
leading to cell death (Kilciksiz et al., 2008; Mansour
et al., 2008).

Cells possess an important antioxidant defense
against ROS. The antioxidant system consists of low
molecular weight antioxidant molecules, such as
GSH and of various antioxidant enzymes; for in-
stance SOD, GSH-Px). When there is an imbalance
between formation of ROS and antioxidant defense,
this can lead to oxidative stress, associated with defi-
ciencies of antioxidants and/or rised production of
ROS (Sies, 1993).

It is reported that a number of dietary antioxidants
decrease free radical attacks towards biomolecules
(Duthie et al., 1996). N-Acetylcysteine is a natural
compound found in several vegetables such as gar-
lic, onion, peppers, and asparagus (Demirkol et al.,
2004; Hsu et al., 2004). N-Acetylcysteine has multiple
biological activities including antioxidant, anticarcino-
genic, and antiangiogenic properties (Kilciksiz et al.,
2008; Mansour et al., 2008; Tosetti et al., 2002). Be-
ing a strong antioxidant and a GSH precursor NAC
directly destroys ROS (Liu et al., 2007). Many studies
have revealed that NAC has an ability to decrease
chemically created oxidative stress and DNA damage
(Kilciksiz et al., 2008; Liu et al., 2007; Mansour et al.,
2008; Neal et al., 2003). Moreover, NAC has been
used clinically for decades in order to treat numerous
illnesses (Thomas, 1993).

It is known that exposure to y-radiation causes liver
damage (Kilciksiz et al., 2008; Mansour et al., 2008;
Radwan and Mohamed, 2018). Antioxidant supple-
ments reduce side effects of the radiation treatment
by inhibiting the oxidative damage to normal cells
(Lawenda et al., 2008). In the present study, the ef-
fect of irradiation on oxidative stress parameters
(MDA, SOD, GSH, GSH-Px) of the liver, kidney,
heart, spleen, brain and ovarium tissue and the pres-
ence of a protective effect of NAC that is an antioxi-
dant on these tissues were investigated.

Material and Methods
Animals

Twenty one, female fertile Wistar albino rats (200 +
10 g) aged between 4-5 months were supplied from
the Animal Care Unit of Firat University and were
kept in plastic cages with stainless-steel grid tops.
The experimental conditions were environmentally
controlled in terms of temperature (23+2 °C), humidi-
ty (60+5%), and light (12 h of light and dark cycle).
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The animals were fed with pellet diet and water ad
libitum. Three rats were kept together in polypropyl-
ene cages containing sterile husk bedding during the
experiment. The experiments were carried out after
the approval of the Local Ethics Committee of the
Veterinary Research Institute (Official form date and
number: 18.04.2013 and 2013/4-1) in Elazig.

Irradiation of the rats

A y-ray source was used to perform whole-body irra-
diation. The animals were placed in Plexiglass™ cag-
es and irradiated in groups of seven rats, simultane-
ously. The source-to-skin distance was 291 cm with a
dose of 0.0233 Gy/s (Benkovica et al., 2008) and
absorbed dose of 9 Gy. They were irradiated by a
160 MLC LINAC (Siemens Artiste linear accelerator,
using 6 MV photons). The rats were irradiated under
continuous isoflurane anesthesia in a specially fabri-
cated plexiglas chamber radiating out from the cen-
ter.

Experimental design

The rats were seperated into three groups including 7
rats in each.

Control group; rats did not receive any treatment.

Irradiation group; rats were treated with intraperito-
neal injection (i.p.) containing a physiologic saline
solution for three days. All the rats in this group were
irradiated with gamma-rays at dose of 9 Gy.

Irradiation + NAC group; the rats were treated with
i.p. injection containing NAC at dose of 300 mg/ kg
body weight (Kilciksiz et al., 2008) for 3 consecutive
days. Then, all the rats were irradiated with gama-
rays at dose of 9 Gy.

Ketamine (ketamine hydrochloride, 50 mg/kg
[Ketalar® 5%, Parke-Davis] and xylazine 8 mg/kg
[Rompun® 2%, Bayer]) mixture was done intraperito-
neally in order to anesthetize the rats. All the rats
were sacrificed at 24th hour after irradiation expo-
sure. After decapitation, whole liver, spleen, kidney,
brain, heart and ovarium tissues were rapidly resect-
ed. The tissues were stored at -80°C.

Biochemical analyses in tissues

The tissues were homogenized by using a Teflon-
glass homogenizer with 1.15% KCI in order to obtain
1:10 (w /v) homogenate. Malondialdehyde and GSH
levels of tissue homogenates were determined spec-
trophotometrically according to the methods of Placer
et al. (1966) and Sedlak et al. (1968), respectively.
GSH-Px and SOD activities were measured spectro-
photometrically according to the methods of Law-
rance and Burk (1976) and Sun et al. (1988), respec-
tively. Homogenate protein levels were performed
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based on the method of Lowry et al. (1951).
Statistical analysis

The SPSS statistical software (SPSS for windows,
version 22.0) was used for all statistical analyses. All
the data were presented in mean (t) and standard
error (SE). Analysis of variance (ANOVA) followed by
Duncan test was used to determine whether there
were significant differences among the groups. The
5% level of significance was used to establish differ-
ences.

Results

As a result of irradiation, a significant increase was
determined in MDA of liver, kidney (P<0.001), and
brain (P<0.05) tissues of the rats. Also, there was a
significant decrease in GSH-Px activity of all the tis-
sues and SOD activity in the liver (P<0.01). On the
other hand, GSH level increased significantly in the
kidney and ovarian tissues (P<0.001) (Table 1).

Mehtap OZCELIK

While NAC administration return the MDA levels,
increasing in the kidney (P<0.001) and brain (P<0.05)
as a result of the irradiation, to normal levels, it was
found that there was a significant decrease in MDA
levels increasing in the liver tissue (P<0.001), but, it
could not significantly bring them to the control level.
Malondialdehyde values of heart, spleen and ovarium
tissues significantly decreased as a result of the addi-
tion of NAC compared to both control and irradiation
groups (P<0.001) (Table 1).

While NAC addition led to a significant increase in
GSH levels of the liver, heart, spleen, brain and ovari-
um tissues compared to both control and irradiation
groups, it caused a significant decrease in the kidney
tissue compared to irradiation group (P<0.001). As a
result of NAC addition, a significant decrease was
determined in spleen GSH-Px activity and heart and
ovarium SOD activity compared to control and irradi-
ation groups (P<0.05) (Table 1).

Table 1. The effect of N-acetylcysteine on oxidant/antioxidant status in the tissues of irradiated rats

Control Irradiation Irradiation + NAC P
LIVER
MDA (nmol/g prot)  4.56 +0.38° 12.57 + 0.56° 8.93+0.74° o
GSH-Px (U/g prot)  2.12+ 0.33° 0.75+0.16° 0.6 +0.10°
GSH (nmol/g prot)  0.59 + 0.05° 0.35+0.04° 2.13+0.11°
SOD (U/g prot) 1.8 +0.19° 1.12+ 0.04° 1.31+0.07° o
KIDNEY
MDA (nmol/g prot)  9.10 + 0.42° 22.57 + 2.86° 14.48+ 1.45°
GSH-Px (U/g prot)  2.54+0.27° 1.10+0.17° 0.92+0.30°
GSH (nmol/g prot) 0.41+0.02° 1.92+0.43° 0.53 +0.03° b
SOD (U/g prot) 152 +0.11 1.63 + 0.09 1.45+0.12 NS
HEART
MDA (nmol/g prot)  12.24 +0.98° 15.02 +1.37° 6.68 + 1.23° *
GSH-Px (U/g prot)  45.29 + 1.58° 22.61 +1.56° 13.95 +3.17°
GSH (nmol/g prot)  0.73 +0.06° 0.82 +0.09° 2.31+0.20°
SOD (U/g prot) 3.36 + 0.33° 2.76 +0.24%° 2.00 +0.26° *
SPLEEN
MDA (nmol/g prot)  14.09 + 1.15° 16.76 + 0.70° 7.64 +0.93°
GSH-Px (U/g prot)  18.35+1.12° 11.23+1.11° 5.75 + 1.72°
GSH (nmol/g prot)  0.41 +0.01° 0.55 + 0.05° 2.21+0.19°
SOD (U/g prot) 1.4 +0.05 15+0.13 1.30 + 0.14 NS
BRAIN
MDA (nmol/g prot)  13.07 + 0.86° 21.65 +2.02° 18.79 + 2.49% *
GSH-Px (U/g prot)  38.41 + 1.98° 21.36 +1.77° 20.94 + 4. 45°
GSH (nmol/g prot) 0.5+ 0.1° 0.67 £ 0.04° 2.13+0.02°
SOD (U/g prot) 1.97 +0.14 1.97 £ 0.11 1.79+ 0.22 NS
OVARIUM
MDA (nmol/g prot)  12.93 + 0.82° 14.64 + 1.4° 6.56 + 1.31°
GSH-Px (U/g prot)  57.76 + 2.99° 38.74+ 0.97° 29.93 +1.69° **
GSH (nmol/g prot)  0.82 + 0.02° 1.33+0.15° 2.49 + 0.29°
SOD (U/g prot) 3.78 £ 0.15° 4.01+0.24° 3.06 +0.11° o

*P<0.05, **P<0.01, ***P<0.001, NS: No Significant
) ean values with different superscripts within a row were significantly different.
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Discussion

Comprehensive evidence has revealed that irradia-
tion causes intracellular generation of ROS (Kilciksiz
et al., 2008; Liu et al., 2007; Mansour et al., 2008).
When ROS reacts with the unsaturated free fatty
acids of membrane lipids, MDA levels elevate, which
means the activation of lipid peroxidation. MDA has
been commonly accepted as a sensitive marker for
lipid peroxidation (Patton and Kurtz, 1951). Further-
more, MDA determinations ensure a good measure
for peroxidation, one of the main mechanisms of cell
damage causing necrosis or apoptosis (Comporti,
1985; De Ferreyra et al., 1989). It is a known fact
that irradiation exposure leads to the liver damage
(Khattab et al., 2017; Kilciksiz et al., 2008; Liu et al.,
2007; Mansour et al., 2008). It is also stated that y-
radiation results in multiple organ dysfunction particu-
larly in the liver and elevates MDA levels in various
tissues based on the time and dose (Karami et al.,
2018; Kilciksiz et al., 2008; Mansour et al., 2008;
Simsek et al., 2012; Xie et al., 2014;). In this study, y-
radiation significantly increased MDA in the kidney,
brain, and liver tissues but led to an insignificant inc-
rease in heart, spleen, and ovarium tissues. Irradia-
tion is seen to result in damage in more than one
tissues. Liver, which is a radiosensitive organ, has a
higher susceptibility against radiation damage
(Radwan and Mohamed, 2018). This situation is con-
firmed by the fact that the increased MDA levels in
the liver was 3-fold compared to the kidney and brain
(2-folds).

Enzymatic and non-enzymatic antioxidant systems
allow cells protect themselves against oxidative dam-
age. As the first-line of antioxidant defense against
the detrimental effects of ROS, SOD acts to turn -O,~
into H,O, (Liu et al., 2007). Additionally, GSH-Px
takes part significantly in the protection against oxida-
tive damage by providing the convertion of H,0, to
H,0 and O, and using GSH as a substrate (Scibior et
al., 2008). The exposure to irradiation makes chang-
es in the balance of endogenous antioxidant en-
zymes. In this study, the MDA concentrations in the
liver, kidney, and brain increased upon irradiation;
whereas the SOD and GSH-Px activities in the liver
and GSH-Px activity in the brain and kidney signifi-
cantly decreased. The decreased SOD activity is
associated with inhibition of the enzyme due to rised
superoxide radical production or H,O, increasing as a
result of decreasing of GSH-Px activity, which de-
grades H,0O, (Ashry et al., 2017; El-Gazzar et al,,
2016). There were significant decreases in the GSH-
Px activity in heart, spleen, and ovarium tissues in
which MDA insignificantly increased after the irradia-
tion. Inactivation of GSH-Px activity through lipid pe-
roxidation byproducts in irradiated rats may signifi-
cantly decrease GSH-Px activity (Mansour et al.,
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2008). The decreased GSH-Px activity in the tissues
examined after the irradiation indicated that the first
enzyme affected by the irradiation was GSH-Px.
Various studies revealed that irradiation decreased
SOD, GSH, and GSH-Px levels in the liver (Ashry et
al.,, 2017; Khattab et al., 2017; Kilciksiz et al., 2008;
Mansour et al., 2008; Radwan and Mohamed, 2018).
The antioxidant enzymes reduced because of the
depletion of enzymes during oxidative stress caused
by the irradiation (Khattab et al., 2017; Mansour et
al.,, 2008). In contrast to studies indicating the de-
creased GSH in the kidney (Cosar et al., 2012; Ekici
et al., 2016), the present study showed that GSH
concentrations significantly increased in the kidney
and ovarium as a result of y-radiation. Being a main
intracellular antioxidant, GSH takes part in the de-
fense system of cells against oxidative damage, di-
rectly as a free radical scavenger or indirectly by re-
pairing initial damage to macromolecules and could
maintain protein and non-protein SH group in a re-
duced way (Scibior et al., 2008). The fact that GSH
levels were observed to increase in irradiated rats
may be related to the radiation adaptive response.
Simsek et al. (2012) stated that irradiation did not
lead to a change in the ovarium MDA but it resulted
in an increase in GSH-Px and CAT activities.

It is obvious that radiation leads to oxidative stress.
Exogenous antioxidants may effectively counteract
the oxidative-stress state. N-Acetylcysteine was
shown to scavenge oxidants directly and to increase
intracellular GSH, which has a great importance in
protecting from oxidative stress associated with ROS
(Aruoma et al., 1989; Burgunder et al., 1989; Liu et
al., 2007; Mansour et al., 2008). In this study, it was
revealed that the significant increase in MDA in the
kidney and brain tissues due to y-radiation could
reach the control values as a result of the addition of
NAC; however, even though MDA levels in the liver
significantly decreased, they could not return to the
control values. This pointed out that although NAC
protected the kidney and brain, NAC administration
was insufficient for the liver. As a result of NAC ad-
ministration, MDA significantly decreased in the
heart, spleen, and ovarium tissues compared to con-
trol and radiation groups. This may be caused by
strong antioxidant characteristic of NAC. In various
studies, it has been determined that the addition of
NAC reduces the increased MDA levels in the rat
serum (Demir et al., 2011), mice and rat liver
(Kilciksiz et al., 2008; Liu et al., 2007; Mansour et al.,
2008) and the brain of guinea pigs (Gulbahar et al.,
2009) as a result of the irradiation and also increases
the decreasing antioxidant levels such as GSH-Px,
SOD, GSH. NAC is both a potent antioxidant and a
precursor of the reduced glutathione (GSH) (Aruoma
et al., 1989; Burgunder et al., 1989; Liu et al., 2007;
Mansour et al., 2008). In the present study, a signifi-
cant increase was determined in the GSH concentra-
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tions with the addition of NAC in all the studied tis-
sues except for kidney compared to control and irra-
diation groups. N-Acetylcysteine serves as a cysteine
donor and maintains or even increases the intracellu-
lar levels of glutathione, a tripeptide which protects
cells from free radicals (Burgunder et al., 1989; Liu et
al., 2007). Moreover, NAC is the most common intra-
cellular antioxidant in vivo, where it scavenges ROS
such as H,O, and HO' (Zafarullah et al., 2003). De-
creased GSH-Px activity in the heart, spleen, and
ovarium tissues and decreased SOD activity in the
heart and ovarium as a result of the addition of NAC
can be associated with the fact that the need for anti-
oxidant enzymes decreased due to its direct ROS
scavenging characteristic. It can be asserted that
especially GSH increasing due to the effect of NAC
administered was the main antioxidant taking part in
reducing oxidative stress, induced by irradiation.

Consequently, in the examination of the MDA values;
it was found that NAC reduced the increased MDA
contents in the kidney and brain but although it de-
creased MDA content in the liver, it cannot return
them to the control values. It was determined that
NAC addition significantly increased GSH levels in
the studied other tissues except for kidney. When
examining its effect on liver, NAC at the dose used
during radiotherapy or for reducing the oxidative
damage caused by irradiation may remain insuffi-
cient. Therefore, there is a need for further studies
examining different doses of NAC to reduce the effect
of irradiation on liver.
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Atif yapmak icin: Yilmaz OT, Hizlisoy H. Nevsehir ilindeki kesimhanelerden izole edilen Staphylococcus aureus izolat-
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Ozet: Bu calisma, kesimhanelerde Staphylococcus aureus’un mevcudiyetini, izolatlarin molekiiler tiplendirmesini ve
izolatlarin vankomisin antibiyotigine duyarliligini tespit etmeyi amaglamaktadir. Nevsehir ilindeki tg¢ farkli kesimhane-
den sivap ile alinan; sigir karkasi, duvar, bigak, kesme tahtasi ylzeyleri ve kesimhane atik su 6rnekleri ¢alisma kapsa-
minda materyal olarak kullaniimistir. Her bir kesimhaneden; 10 adet sigir karkasi ytizeyi, 10 adet duvar ylzeyi, 10 adet
bicak yuzeyi, 10 adet kesme tahtasi ylizeyi ve 10 adet atik su olmak Uzere, bir kesimhaneden toplam 50 adet; (g ke-
simhaneden toplam 150 adet numune incelenmistir. Etken izolasyonunu takiben izolatlarin identifikasyonu fenotipik ve
molekiiler ydntemlerle (PCR) yapilmistir. izolatlarin vankomisine duyarliliklari E test ile test edilmistir. Ayrica izolatlarin
genetik yakinliklari Enterobacterial Repetitive Intergenic Consensus-PCR (ERIC-PCR) ile arastiriimistir. Calismada
150 6rnekten 150 izolat elde edilmis, bu izolatlarin 65'i (%43.3) fenotipik olarak koagtilaz pozitif stafilokok olarak tespit
edilmistir. Bu 65 izolatin 6’s1 (%4) ise PCR sonucu S. aureus olarak identifiye edilmistir. Elde edilen S. aureus izolatlari-
nin timanun (duyarli: <2 pg/ml) vankomisine duyarh oldugu saptanmistir. ERIC-PCR analizi sonucu izolatlarin genoti-
pik olarak farkl oldugu saptanmistir. Hem gida toksikasyonlarinin 6niine gegmek hem de karkas kalitesini artirmak ve
kirmizi etin raf dmriini uzatmak igin, kesimhanede hijyen kosullarina dikkat edilmelidir. Yapilan antibiyotik duyarlilik
test sonucu, direng tespit edilmemesi olumlu olmakla birlikte, antibiyotiklerin bilingsiz kullanimindan kaginiimali ve kul-
lanimlari kontrol altinda tutulmahdir.

Anahtar kelimeler: E test, halk saghgi, kesimhane, vankomisin, VRSA

Molecular Typing of Staphylococcus aureus Isolates Obtained from Slaughterhouses in Nevsehir Province
(Turkey) and Investigation of Vancomycin Resistance of The Isolates

Summary: This study aims to determine the presence of Staphylococcus aureus in the slaughter houses, the molecu-
lar typing of the isolates and the susceptibility of the isolates to the vancomycin antibiotic. The samples collected from
cattle carcass, wall, knife, wastewater and cutting board from three different slaughterhouses in the Province of
Nevsehir, in the scope of the study, were used as material. Fifty swab samples of 10 beef carcass surfaces, 10 wall
surface, 10 blade surface, 10 cutting board surface and 10 waste water were taken from each slaughterhouse; a total
of 150 swab samples were analyzed. The identification of the isolates was performed by phenotypic and molecular
methods (PCR) following the isolation of the agents. The susceptibility of the isolates to vancomycin was tested by E
test. In addition, genetic proximity of the isolates was investigated by Enterobacterial Repetitive Intergenic Consensus-
PCR (ERIC-PCR). In this study, 150 isolates were obtained from 150 samples. 65 (43.3%) of these isolates were iden-
tified as coagulase positive staphylococci and 6 (4%) of 150 isolates were identified as S. aureus. All S. aureus isolates
(susceptible: <2 pg / ml; moderately sensitive: 4-8 pg / ml; resistant: 216 pg / ml) were found to be susceptible to van-
comycin. According to the ERIC-PCR analysis, isolates have been determined to be genotypically different. Special
attention should be paid to hygiene conditions in slaughterhouses, both to prevent food poisoning and to improve car-
cass quality, and to extend the shelf life of red meat. Although it is pleasing that no resistance is detected as a result of
our antimicrobial susceptibility test; unconscious use of antibiotics should be avoided, and their use should be kept
under control.

Key words: E Test, public health, slaughterhouse, vancomycine, VRSA

Girig jenlerdir. Staphylococcus aureus insanlarda normal
biotada bulunmakla birlikte, saghgi olumsuz ydnde
Stafilokoklar, toplum sagligi agisindan 6nemli pato- etkileyen; endokardit, bakteriyemi ve gida kaynakli
intoksikasyonlarin  6nde gelen nedenlerindendir
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ve bunlarin da %8-17.4’Unln enterotoksijenik S. au-
reus suslan oldugu belirtiimistir (Tong ve ark., 2015).
Ayrica, personel hijyeninin degerlendiriimesinde gida-
lardaki S. aureus kontaminasyonu, indikator olarak
kullaniimaktadir (Yildirm ve ark., 2017). Ciftlik hay-
vanlarinda yodun olarak antibiyotik kullanimi, karkas
ve sakadatlarda kalintiya ve mikroorganizmalarin
kullanilan antibiyotiklere diren¢ gelistirmesine neden
olmaktadir (Gomez-Gil ve ark., 2000). Antibiyotiklere
karsi diren¢ kazanmis mikroorganizmalar gidalarda
da bulunmakta ve bu gidalarin tuketimi sirasinda
vicuda alinabilmektedir. Bunun sonucu olarak, viicu-
da giren direncli mikroorganizmalar insanlarda sagal-
timi zor enfeksiyonlara neden olmakta ve toplum
saghgini tehdit etmektedir (Terzi ve ark., 2015). Peni-
silin direngli S. aureus’un tedavisi igin, 1959 yilinda
metisilin gelistiriimis olmasina karsilik; kisa sure iceri-
sinde S. aureus metisiline karsi da direng gelistirmis
ve 1961 yilina gelindiginde laboratuvar susunda di-
reng kaydedilmistir (Barber, 1961). Metisiline direngli
S. aureus (MRSA) enfeksiyonlarinin tedavisinde ba-
sari, trisiklik bir glikopeptid antibiyotik olan vankomi-
sin ile saglanmis ve vankomisin bu tur enfeksiyonla-
rin tedavisinde tercih sebebi olmustur (Sorrell ve ark.,
1982). Vankomisinin tekrarlayan ve uzun sure kulla-
nimlari sonucu direngli suglar gelismeye baslamistir
(Gardete ve Tomasz, 2014). Bunun sonucunda,
onemli bir patojen etken olan, vankomisine direngli
enterokoklar (VRE), ilk kez 1989 yilinda Birlesik Dev-
letlerde bildirilmistir. ilerleyen zamanlarda ise sirasiy-
la 1996 yilinda Japonya’'da, 1997 yilinda ise Birlesik
Devletlerde vankomisine orta dizeyde direncli S.
aureus (VISA) suslan kayda gecmistir (Sancak,
2011). VISA, tim dinyada tanimlanan MRSA izolat-
lari arasinda artan siklikta bildiriimeye baglanmisti
(Howden ve ark., 2010). MIK degerlerindeki ilhimli
artislarina ragmen, VISA enfeksiyonlarinin vankomi-
sin ile tedavisi tedavisi siklikla basarisizlikla son bul-
mustu (Gardete ve Tomasz, 2014). Son yillarda, sta-
filokoklarin antibiyotiklere karsi direng gelisiminin
hizla arttigi belirlenmis ve yapilan giincel galismalar-
da da gidalarda bulunan S. aureus’un antibiyotik di-
renc yodnunden analizleri 6nem kazanmistir
(Fijalkowski ve ark., 2016).

Et ve et Urlnleri vasitasiyla yayilabilecek direngli sus-
larin tespiti ve takibi agisindan yapilan bu ¢alismada,
Nevsehirde bulunan (¢ adet kesimhaneden 6rnekler
alinarak, S. aureus mevcudiyetinin belirlenmesi, elde
edilen izolatlarda vankomisin direncinin saptanmasi
ve bu izolatlarin molekiler tiplendiriimesi amaclan-
mistir.

Gereg ve Yontem
Karkas ve kesimhane 6rnekleri

Bu gall§rr]ada; Ekim-Kasim 2018 tarihleri arasinda,
Nevsehir llinde bulunan, ¢ adet, biyikbas kesimha-
nelerinin her birinden 50 adet (10 adet kesim tahtasi
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yuzeyi, 10 adet bigak ylzeyi, 10 adet duvar yuzeyi,
10 adet karkas yuzeyi ve 10 adet kesimhane atik
suyu), toplamda 150 adet sivap numunesi alind.
Numuneler; karkaslardan, kesme tahtalari ylzeylerin-
den ve duvar yuzeylerinden 10X10 cm boyutunda
steril metal cerceve kullanilarak alindi. Numuneler
metal gergcevenin icerisinde, 10 kez yukari asagiya ve
10 kez de bir kenardan digerine olacak sekilde alindi
(Ertas Onmaz ve Datli, 2018). Diger numuneler ise
bicaklarin sadece karkasla temas eden metal ylze-
yinden ve kesim esnasinda akmakta olan atik suya
sivabin daldirilip ¢ikariimasiyla toplandi. Alinan nu-
muneler S. aureus varli§i yoniinden materyal olarak
kullanildi. Ornekler steril bir sekilde 24 saat icerisinde
soguk zincirde Erciyes Universitesi Veteriner Fakillte-
si Besin Hijyeni ve Teknolojisi Laboratuvarr’'na getiri-
lerek incelemeye alindi.

Standart sus

Calismada, izolasyon, identifikasyon asamalar ve
antibiyotik duyarlilik testi igin Staphylococcus aureus
ATCC 25923 referans susu kullanildi.

S. aureus’un izolasyon ve identifikasyonu

izolasyon amaciyla sivaplar S. aureus icin selektif
besiyeri olan Egg Yolk Telluritli Baird Parker agar
(Oxoid, ingiltere) (ISO 6888) besiyerine inokule edildi
ve 24-48 saat aerobik kosullarda 37 °C’de inkiibe
edildi. Inkubasyon sonucunda Baird Parker agar (ize-
rinde siyah koloni etrafinda parlak zon olusturan kolo-
niler secilerek kanl agara (Oxoid, ingiltere) inokiile
edildi ve 24-48 saat aerobik kosullarda 37 °C’de inku-
be edildi. inkiibasyon sonucu gelisen koloniler, fenoti-
pik identifikasyon testlerine (Gram boyama, oksidaz
testi, katalaz testi, beta hemoliz testi, koagtilaz testi)
tabi tutuldu. S. aureus ydninden pozitif bulunan izo-
latlar, sonraki testlerde incelenmek amaciyla %10
gliserinli (Merck, Almanya) Brucella Broth (Oxoid,
ingiltere) sivi besiyeri iceren kriyotiiplerde -20°C’deki
derin dondurucuda muhafaza edildi.

DNA ekstraksiyonu

Bakteri DNA’siniI elde etmek igin InstaGene Matrix
(Bio-Rad, ABD) ekstraksiyon kiti kullanildi. Ekstraksi-
yon iglemi icin kit protokoliinde yer alan direktiflere
bagl kalindi. Kisaca, fenotipik olarak dogrulanan
izolatlara ait 24 saatlik sivi kultirden ependorflara
yaklasik 1 mL alindiktan sonra 12.000xrpm’de 1 daki-
ka santrifij edildi. Ependorfun Ustiinde biriken sivi
pipet yardimiyla uzaklastirilarak altta kalan pelletin
Uzerine 200 uL InstaGene Matrix soliisyonundan
eklenerek vorteks ile (Velp, Iitalya) homojenize edildi
ve 56° C’de 15-30 dk. inkibe edildi. Daha sonra bu
sitispansiyon 10 sn. boyunca yliksek hizda vorteksle-
nerek homojenize edilen slspansiyon 100° C’lik su
banyosunda 8 dk. inkiibasyona birakildi. Daha sonra
12.000x rpm'de 2-3 dk slreyle santrifuj edildi. Bu
surenin sonunda elde edilen supernatantdan 20 pL



Erciyes Univ Vet Fak Derg 2020; 17(3): 227-234

alinarak PCR reaksiyonlarinda template DNA olarak
kullaniimak Uzere -20° C’de saklandi.

Molekiiler identifikasyon

Karkas ve kesimhane materyallerinden izole edilen
ve fenotipik testlerle S. aureus olarak identifiye edilen
izolatlarin PCR ile molekiler olarak teyidi yapildi.
PCR analizinde, S. aureus’un termostabil niikleazini
kodlayan nuc geninin amplifikasyonu igin nuc-F166
ve nuc-R565 primerleri kullanildi (Tablo 1) (Crago ve
ark., 2010). PCR reaksiyonu toplam 25 pL hacimde
gerceklestirildi. Reaksiyon bilesimi; her bir primerden
0.2 uM, 200 pM dNTP, 2.5 pl PCR reaksiyon buffer,
3mM MgCl2, 2 U Tag DNA polimeraz
(ThermoScientific, ABD) ve 1 pl 6rnek DNA’sindan
olusturuldu. Termal dongil; 94° C'de 5 dk ilk denatu-
rasyonu takiben; 30 siklustan olusan 94° C'de 10 sn
denatirayon, 59° C'de 20 sn primer baglanmasi, 72°
C'de 10 sn. uzama ve daha sonra tek siklustan olu-
san 72° C'de 5 dk. son uzama seklinde gerceklestiril-
di.

Harun HIZLISOY

kanli Mueller Hinton Agar'da aerobik ortamda 18-24
saat inkiibasyon sonucu uretildi. Olugan bakteri kolo-
nileri besiyeri Uzerinden toplanarak %0.075 NaCl
icinde suspanse edildi ve bakteri yogunlugu McFar-
land No:0.5 (1.5 x 108 CFU/mL) standardina gore
ayarlandi. Yogunlugu ayarlanan bakteri stispansiyo-
nundan Mueller Hinton agar besiyerine 0.1 mL ekim
yapildi ve steril baget ile yayildi. Takiben E test kar-
tuglar bakteri ekilen bu besiyeri Uzerine yerlestirildi.
Besiyerleri aerobik ortamda 37°C’de 18-24 saat inku-
be edildi. inkubasyon sonunda ekim alaninda olusan
eliptik inhibisyon zonlarinin kesistigi nokta MiK degeri
olarak kabul edildi ve izolatlarin duyarli, orta duyarl
ve direnglilik durumlari CLSI kriterlerine gore deger-
lendirildi (CLSI, 2017).

Istatistiksel analiz

Calismanin istatistiksel analizinde kesimhanelerdeki
S. aureus varli§i ile duvar, bigak, atik su, tahta ve
karkaslardan alinan sivap 6rneklerini karsilastirmak
amaciyla “ki-kare testi” uygulandi. Ki-kare testi igin
SPSS (Windows igin Sosyal Bilimler icin Istatistik

Tablo 1. Calismada kullanilan primerler ve beklenen bant buyiklikler

. o Amplikon
Primer Primer Dizilimi Gen  puviikligi Kaynak
(5’--3’) Bélgesi (bp)
NUC-F166  AGT TCA GCA AAT GCATCACA
nuc 400 Dongyou, (2010)

NUC-R565 TAG CCA AGC CTT GAC GAACT
ERIC-1 ATGTAAGCTCCTGGGGATTCAC
ERIC-2 AAGTAAGTGACTGGGGTGAGCG

Ye ve ark. (2012)

Enterobacterial repetitive intergenic consensus
(ERIC) PCR ile molekiiler tiplendirme

S. aureus izolatlarinin molekdler tiplendiriimesi ama-
ciyla ERIC-PCR ile yapildi ve testte ERIC-1(5-
ATGTAAGCTCCTGGGGATTCAC-3’) ve ERIC-2(5-
AAGTAAGTGACTGGGGTGAGCG-3) primerleri
kullanildi (Ye ve ark., 2012). PCR bilesimi, 5 pL
10xPCR buffer A, 4 mM MgCI2, 5 U Tag DNA poly-
merase (Thermo Fisher Scientific, ABD), 0.2 mM
dNTP miks, 25 pmol her bir primerden ve 1 uL 6rnek
DNA'’sini igeren toplam 50 pL hacimde olusturuldu.
Amplifikasyon; 94°C’de 5 dk. ilk denatlirasyonu taki-
ben 40 siklustan olugsan 94°C’de 1 dk. denatirasyon,
25°C’de 1 dk. primer baglanmasi ve 72°C’'de 2 dk.
uzama seklinde gerceklestirildi. Elde edilen PCR
urlinlerin, %2’lik agaroz jelde elektroforezi yapiimis
ve olusan bantlar jel ddékimantasyon sisteminde
(Vilber Lourmat, Fransa) incelenmistir.

Antibiyotik duyarlilik testi

E Test: S.aureus izolatlarinin vankomisin duyarliigi E
test stripleri (MA0102, Oxoid, ingiltere) esliginde ger-
geklestirildi ve MIK diizeyi ve MIK aralig tespit edildi.
Bunun igin; S. aureus izolatlan %5 defibrine koyun

Paketi) 23.0 (Armonk, NY: IBM Corp.) programi kulla-
nildi.

Bulgular
S. aureus izolasyon sonuglari

Bu calismada Nevsehir ilinde bulunan Gg¢ ayri kesim-
haneden toplanan 150 adet numune, S. aureus yo-
ninden incelendi. Toplanan 150 numuneden 150
adet izolat elde edildi. Elde edilen 150 izolattan; 65’i
(%43.3) koaglilaz pozitif stafilokok, bu 65 izolatin6’si
(%4) da S. aureus olarak identifiye edildi.

S. aureus’un PCR ile tespiti

S. aureus’un “nuc” geninin amplifikasyonunun hedef-
lendigi tir spesifik PCR’de 400 bp bant buyukligin-
deki amplifiye Grlinler pozitif kabul edildi. Bu yéntem-
le, fenotipik olarak S. aureus seklinde tanimlanan 6
(%4) izolatin tamami, PCR ile S. aureus olarak dog-
rulandi. S. aureus pozitifligi 1 nolu kesimhanede (2
atik su 6rnegdi ve 1 kesme tahtasi yizey 6érneginden),
2 nolu kesimhanede (2 duvar ylzeyi ve 1 karkas yu-
zeyinden) elde edilirken, 3 nolu kesimhanede pozitif
izolat tespit edilemedi. Calismada kesimhanelerdeki
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duvar, bigak, atik su, tahta ve karkaslardan alinan
sivap Orneklerinde ve kesimhanelerdeki S. aureus
izolasyon oranlarinda istatistiksel olarak anlamli bir
fark bulunmamigtir (P>0.05).

Erciyes Univ Vet Fak Derg 2020; 17(3): 227-234

sonucunda izolatlarin 5 ile 14 arasinda bant vererek
farkh profiller sergiledidi gorildi. Bu sonuca gore,
izolatlarin tamaminin birbirinden farkli oldudu tespit
edildi.

Tablo 2.Kesimhane bazli S. aureus izolasyon ve identifikasyon bulgular

Kesimhane 1

Kesimhane 2 Kesimhane 3

Ornek n=50 n=50 n=50 Yizde %
Kesim tahtasi yiizeyi (T) (n=30) SA1 - - %3.3
Bigak yiizeyi (B) (n=30) - - - -
Duvar yiizeyi (D) (n=30) - SA4-SA5 - %6.6
Karkas yizeyi (K) (n=30) - SA6 - %3.3
Kesimhane Atik Suyu (S) (n=30) SA2-SA3 - - %6.6
Toplam 3 3 - %4.0

SA6 PK NK M

M SAL SA2 SA3 SA4 SAS

Sekil 1. Tur-spesifik PCR’ye ait amplifiye Grlnlerin %
1.5’lik agaroz jeldeki goéruntiusu. 400 bp’lik amplifiye
artnler S. aureus spresifiktir. PK: Pozitif Kontrol
(Staphylococcus aureus ATCC 25923), NK: Negatif
Kontrol (Distile su), M: Marker (SM0321, Generuler,
100Bp plus DNA ladder, Thermo Fisher Scientific,
ABD), SA1-6: S. aureus izolatlari

ERIC-PCR sonuglari

S.aureus izolatlari Uzerine uygulanan ERIC-PCR

M SA1 SA2 SA3 SA4 SA5 SA6

3000 Bg
1000 Bg

-

e
£ ]
. - 500 B
o — ’ﬂ — 9
= 4 -3
-

100 B¢

Sekil 2. S. aureus izolatlarinin %2’lik agaroz jeldeki
ERIC-PCR paternleri. M: Marker (SM0321, Generu-
ler, 100Bp plus DNA ladder, Thermo Fisher Scientific,
ABD), SA1-6: S. aureus izolatlar
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Antibiyotik duyarlilik testi

E Test sonuglari: Vankomisinin, Staphylococcus au-
reus izolatlarina 6zgii MIK diizeylerini belirlemek
maksadiyla uygulanan E test sonucunda, tim izolat-
lar CLSI kriterlerine gore (duyarl: ?2 pg/ml; orta du-
yarli: 4-8 pg/ml; direngli: ?16 pg/ml) vankomisine
duyarli oldugu saptanmistir. Buna gére MIK diizeyleri
iki izolat igin 0.5 pg/ml, bir izolatta 1 pug/ml, Ug izolatta
ise 2 ug/ml seklinde bulunmustur.

Tartigsma ve Sonug

Stafilokoklar toplum saghgdi agisindan son derece
6nemli patojen mikroorganizma grubunu olusturmak-
tadir. S. aureus, insanlarda normal biotada bulun-
makla birlikte, saglig1 olumsuz ydnde etkileyen; endo-
kardit, bakteriyemi ve gida kaynakh intoksikasyonla-
rin 6nde gelen sebeplerinden birisi olarak tespit edil-
migtir (Hizlisoy ve ark., 2018). Ayni zamanda S.
aureus, bircok ulkede resmi kayitlara goére gida kay-
nakl enfeksiyon ve intoksikasyonlarin Gglincii en
yaygin sorumlusu olarak belirtilmistir (Veras ve ark.,
2008). Stafilokokal gida zehirlenmesi, enterotoksije-
nik stafilokoklarin besinlerde 106kob/g seviyesinin
Uzerinde olmasi ve Urettikleri enterotoksinlerin sindi-
rim yoluyla alinmasini takiben sekillenmektedir. Bu-
nun yani sira, stafilokokal enterotoksinler (SE) artrite,
alerjik reaksiyonlara, toksik sok benzeri sendroma ve
otoimmun hastaliklara neden olmaktadir (Cha ve
ark., 2006). Cesitli galismalarda degisik kaynaklardan
ayrilan S. aureus izolatlarinin yaklasik %15-80'inin
SE Uretebildigi bildiriimistir. Stafilokokkal enterotoksin
A (SEA), en sik stafilokokal gida kaynakl salginlarla
iligkili enterotoksindir ve bunu stafilokokkal enterotok-
sin (SED) takip etmektedir (Yildirim ve ark., 2019).
Kesim islemi esnasinda karkas, hayvanlarin derilerin-
deki ve sindirim sistemindeki S. aureus’la kolaylikla
kontamine olabilmektedir. Ayrica personelin hijyen
noksanhdi da karkasi kontamine edebilmektedir
(Keyvan, 2014). Bu g¢alismada alinan &rneklerden
65’'inde (%43.3) koaglilaz pozitif stafilokok tespit edil-
migtir. Sigir karkaslarindan koagiilaz pozitif stafilokok
mevcudiyeti yoninde daha 6nce yapilan ¢alismalar-
dan farkli seviyelerde sonuglar elde edilmistir.
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Tablo 3. S. aureus izolatlarinin antibiyotik duyarlilik sonuglari (CLSI, 2017)
(S: Duyarli I: Orta duyarh R: Direngli MIK: Minimum Inhibitdr Konsantrasyon)

VAN- S I R Ornek MIK (ug/mL)
Komi <2 4-8 > 16 SA1 05 S
SIN <2 4-8 >16 SA2 2 S
<2 4-8 >16 SA3 2 S
<2 4-8 >16 SA4 1 S
<2 4-8 >16 SA5 05 S
<2 4-8 >16 SA6 2 S

Sekil 3. S. aureus izolatinin vankomisin duyarliiginin
E test ile saptanmasi (Izolatin eliptik inhibisyon zonla-
rinin kesistigi nokta (MIK degeri) <2 yL/mL)

Keyvan ve Ozdemir (2016), Ankara’da yaptiklar ¢a-
lisma neticesinde, toplam 120 sidir karkasindan sun-
ger sivap yontemi ile alinan orneklerin 32’sinde (%
26.6) koagulaz pozitif stafilokok bulundugunu belirt-
mislerdir. Ozdemir ve ark. (2010), tarafindan yapilan
bir diger galismada 120 sigir karkasindan toplanan
orneklerin 46’sinin (%38.3) koagtlaz pozitif stafilokok
yonunden pozitif oldugu tespit edilmistir. Bu ¢alisma-
da tespit edilen izolasyon oraninin, daha 6nce yapi-
lan calismalarda saptanan oranlara nazaran ylksek
oldugu gérulmekte olup; bu durumun calisma alani-
nin kontaminasyonun daha fazla olmasindan kaynak-
lanabilecedi seklinde disinulmektedir. Bu calisma-
daki izolasyon oranlarina benzer veya daha yuksek
oranlar da bildiriimistir. Beyene ve ark. (2017), tara-
findan yapilan bir caismada ise materyal olarak ke-
simhanede kullanilan bicak, kesim hatti ekipmanlari
ve karkas ylizeyi sivap ornekleri toplamis, yapilan
analizlerde %43.47 dizeyinde koagilaz pozitif stafilo-
kok bulundugu tespit edilmistir. Desmarchelier ve ark.
(1999), Ug¢ farkli kesimhaneden topladiklari sigir kar-
kaslarinda sirasiyla %62, %85 ve %89 duzeylerinde
koagiilaz pozitif stafilokok tespit etmislerdir. Arastir-
manin bulgulari, birinci kesimhane harig, bu ¢alisma-
daki izolasyon oranina goére oldukga yiliksek saptan-
mistir. Bu durumun kontaminasyonun fazla olmasin-

dan kaynaklandigi dusundulebilir. Ayrica, kesimhane-
lerin fiziki yapi farkhliklari, kesilen hayvan tirt, érnek-
lem alanlari, érnekleme materyalleri, drnekleme tarz-
lari ve hatta kulturel islem/besiyeride etken yayginli-
gindaki farkliliklarin diger olasi nedenleri olabilir.

Bu calismada izole edilen koagiilaz pozitif stafilokok-
larin fenotipik ve molekdler testleri sonucunda izolat-
larin 6’s1 (%4.0) S. aureus olarak identifiye edildi.
Kesimhanelerde S. aureus tespitine yonelik birgok
¢alisma bildirilmistir.

Keyvan ve Ozdemir (2016) galigmalarinda, toplam
120 s1gir karkasindan sunger sivap ydntemi ile alinan
orneklerin 15'inde (%12.5) S. aureus tespit etmisler-
dir. Yilmaz ve Gumds (2004) tarafindan yapilan calis-
mada, kesimhaneden alinan 150 karkas sivap o6rnegi
incelenmis ve %30 oraninda S. aureus saptanmistir.
Turkiye’de yapilan bu galismalarda tespit edilen S.
aureus oranlarinin, bu ¢caligmada elde edilen sonug-
lar ile karsilastinldiginda, ylksek oldugu gérilmekte-
dir. Bunun nedeni olarak; numune alma yéntemindeki
ve kesimhane sartlarindaki farkliliklar, kesim 6ncesi
hayvanlarin derilerindeki mikrobiyal yikiin fazlaligi ve
bunun kesim esnasinda karkasa bulagma olasiligi
kaynakli olabilecedi seklinde dustnilmektedir. Tanih
ve ark. (2015) tarafindan Guney Afrika’da g farkli
kesimhanede kesilen sigir karkaslarindan alinan 112
adet sivap 6rnegi fenotipik olarak incelenmis ve bun-
larin 30'u (%26.7) S. aureus yénunden pozitif bulun-
mustur. Adugna ve ark. (2018), Etiyopya’da bir ke-
simhanede kullanilan kesme tahtasi ve bigak yuzeyi
sivap Orneklerinden (40’ar adet) sirasiyla 6 (%15.0)
ve 9 (%22.5) S. aureus identifiye etmislerdir. Bersisa
ve ark. (2019) tarafindan yapilan bir galismada 16’sar
karkas ylzeyi, kesme tahtasi ylzeyi ve bigak ylzeyi
sivap Orneklerinden sirasiyla, 4’0 (%25), 7’si (%
43.75) ve 5'i (%31.25) S. aureus ydnlinden pozitif
olarak bildiriimis ve karkas yikama suyundan aldiklari
orneklerde yapilan calismada S. aureus’a rastlanma-
digi belirtiimistir. Gowda Tanuja ve ark. (2017), 4
farkli kesimhaneden aldiklari, sigir karkas ylzeyi
(152), bigak ylizeyi (109), kesme tahtasi ylizeyi (104)
sivap Orneklerinin analizi sonucunda, sirasiyla %
59.9, %51.4 ve %50 dizeylerinde S. aureus bulundu-
gunu aktarmiglardir. Beyene ve ark. (2017) tarafin-
dan yapilan galismada %13.9 oraninda S. aureus
tespit edilmigtir. Birhanu ve ark. (2017) tarafindan
Etiyopya’da yapilan g¢alismada materyal olarak kes-
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me tahtasi ylzeyi ve bigak ylzeyi kullaniimig, her
birinden 53 adet sivap 6rnedi alinmis ve sirasiyla
5'inde (%9.43) ve 2’sinde (%3.77) S. aureus, tespit
edilmistir. Bicak ylUzeyinden alinan 6rneklerde tespit
edilen oran bu galismada saptanan oranla hemen
hemen benzerlik gostermektedir. Literatir taramasi
sonucunda, sigir karkaslarinda S. aureus oranlari
bakimindan karsilastirma yapildidinda, bu calisma-
daki oran digerlerine nazaran dislk saptanmistir. Bir
numarall kesimhanede; kesim tahtasi ylzeyi ve ke-
simhane atik suyunda, iki numarall kesimhanede ise
duvar ylzeyi ve karkas yilizeyinde S. aureus tespit
edilmistir. Tki numarali kesimhanede kontaminasyo-
nun duvar ve karkas yuzeyinde olmasi, duvarlar yU-
zeylerinin hijyenini saglamada kesimhane sanitasyon
prosedurlerinin tam olarak yerine getirimemesinden
kaynakli olabilecegi dusiinulmektedir. S. aureus’un,
Ozellikle insanlarin normal biotalarinda bulundugu
bilinmektedir. Bu oranlar analiz edildiginde, calisanla-
rin hijyen konusundaki eksiklikleri, karkasi ve ekip-
manlari kontamine ettigi dusunulebilir. Ayrica, bu
sonuglar, érneklerin alindigi u¢ kesimhanedeki hijyen
prosedirlerinin daha iyi igletildigi anlamina da gelebi-
lir.

Bu calismada S. aureus izolatlarinin vankomisin du-
yarhligi E test yontemi ile test edilmis ve tum izolatla-
rin  vankomisine duyarli oldugu saptanmigtir
(duyarh: ?2 pg/ml). S. aureus’un vankomisin duyarlili-
ginin arastirildigr birgok calisma mevcuttur.

Aydin ve ark. (2011), Tanih ve ark. (2015) ve Keyvan
ve Ozdemir (2016) tarafindan yapilan galismalarda,
elde edilen S. aureus izolatlarina uygulanan antimik-
robiyal duyarlilik testi sonucunda, tim izolatlar vanko-
misine duyarli bulunmustur. Tim bu ¢alismalarda S.
aureus izolatlarinin vankomisine duyarlihgr konusun-
da saptanan bulgular bu ¢aligmadaki bulgularla ben-
zerlik gostermektedir. Turkiye’de ve diinya genelinde
yapilan vankomisin duyarlilik testi sonuglari incelen-
diginde, direng tespiti olmamasinin, diinya genelinde
vankomisinin veteriner sahadaki kullanim kisithhgin-
dan kaynaklanabilecedi dusunulmektedir (Sahal,
2012). Buna karsllik, vankomisine karsi direng tespit
edilen calismalar da mevcuttur. Adugna ve ark.
(2018), %54.5 vancomycin intermediate resistance
Staphylococcus aureus (VIRSA) ve %45.5 vancomy-
cin resistance Staphylococcus aureus (VRSA),
Gowda Tanuja ve ark. (2017), %78 Vancomycin Sus-
ceptable Staphylococcus aureus (VSSA), %14 VIR-
SA ve %8 VRSA, Beyene ve ark. (2017) %65.1 ora-
ninda VRSA tespit etmiglerdir.

ERIC-PCR ile S. aureus olarak identifiye izolatlarin
molekuler tiplendiriimesi sonucu izolatlarin 5 ile 14
arasinda bant vererek farkli profiller sergiledigi ve
izolatlarin tamaminin birbirinden farkli oldugu tespit
edildi. Pozitif olarak tespit edile S. aureus izolatlari
arasinda klonal bir yakinhdin bulunmamasi ile mez-
bahanin farkli kisimlarindan izole edilen izolatlarin,
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¢apraz kontaminasyon kaynakli olmadigi ve bir salgin
susunun bulunmadigi sonucuna varilmistir. S. aureus
izolatlarinin ERIC-PCR ile tiplendirildigi cesitli calis-
malar mevcuttur. Bunlardan Abdollahi ve ark.
(2014)'nin bildirdikleri gaismada 90 S. aureus izolati-
nin tiplendiriimesi yapiimistir. Adwan ve ark.(2015)’in
¢alismalarinda ERIC-PCR ile SCC mec ve spa tiplen-
dirme birlikte kullanilmistir.  Arslan ve Mutlu
(2016)'nun calismalarinda sigir mastitis olgularindan
izole edilen 98 S. aureus izolatlarinin ERIC-PCR ile
tiplendirilmesi yapilmis ve 64 farkli ERIC genotipinin
bulundugu ifade edilmistir.

Sonu¢ olarak; bu galismada, kiltirel ydntemlerle
izole edilen 65 (%43.3) koagilaz pozitif stafilokokun
fenotipik ve PCR temelli molekiler yontemlerle yapi-
lan analizinde 6'si (%4) S. aureus olarak identifiye
edilmistir. S. aureus izolatlarinin vankomisin duyarlili-
g1 E test stripleri ile analiz edilmis ve izolatlarin tama-
minin vankomisine duyarli oldugu saptanmistir (? 2
pg/ml). ERIC-PCR ile yapilan genotiplendirme sonu-
cu alti izolatin hepsinin farkh profil gésterdigi ve boy-
lelikle birbirlerinden farkli genotipe sahip izolatlar
olduklar ortaya konulmustur.

insanlarin ve hayvanlarin dogal biotasinda bulunan
S. aureus, hijyen eksikliginin ortaya konmasinda gi-
dalarda indikatér bir role sahiptir. insan beslenmesin-
de 6nemli bir yer tutan kirmizi etin ilk islendigi yer
olan kesimhanelerde mikroorganizma yikunin mini-
mal dizeyde tutulmasi gereklidir. Yapilan antibiyotik
duyarlilik testi neticesinde vankomisinin S. aureus’lar
icin hala etkili oldugu ortaya konmustur. Antibiyotik
kullaniminin sinirlandiriimasi konusunda WHO tara-
findan, farkindaligi artirmaya yonelik calismalara hiz
verilmis durumdadir. Bu durum hayvanlarin ve insan-
larin maruz kaldigi gereksiz antibiyotik uygulamalari-
nin Onune gecilmesini amaglamaktadir. Hayvan has-
taliklarinin 6énlenmesi, dolayisi ile saghkl ve kalinti
icermeyen kirmizi etin tiketiciye ulasmasindaki altin
kural ise koruyucu hekimliktir. Kesimhanelerde hijyen
prosedirlerine ylksek bagllik ve antibiyotik kullani-
minda hekim, eczaci ve hayvan sahiplerinin duyarl
davranmalari, ozellikle veteriner hekimlikte regetesiz
antibiyotik veriimemesi ve bu sekilde antibiyotik talep
edilmemesi 6nem arz etmektedir.
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Ozet: Bu aragtirmanin amaci Nevsehir ili siit sigirciliginin genel durumu ve hayvan besleme aligkanliklarini belirlemek-
tir. Arastirma kapsaminda Nevsehir ilinde st sigir yetistiriciligi yapilan 105 isletme ziyaret edilerek anket calismasi
yapiimisgtir. Anket formunda isletmeye ve isletme sahibine ait genel bilgiler, buzagi biyitme ve besleme, divelerin
beslenmesi ve tohumlanmasi, sagmal ineklerin bakim, besleme, sagim, yemleme ve goriilen hastaliklara yonelik soru-
lar sorulmustur. 105 isletmede toplam 9228 hayvan mevcuttur. Yetistiricilerin %97’sinin ilkokul mezunu olduklari ve
bunlarin %75'inin sigortali olduklari belirlenmistir. isletmelerin %78.1’inde giinde iki 6gin yem verildigi ve verilen yem-
lerin %97.17’inin sadim sonrasi verildigi belirlenmistir. Tim igletmelerde dodan buzagilara kolostrum verildidi ancak
verilme zamanlarinin farkli oldugu gorilmustir. Divelere, sagmal ineklere, kuru dénemdeki ineklere ¢cogu isletmelerin
bzel besleme yapmadigi belirlenmistir. Isletmelerin %56.2’sinde yemlerin karisik verildigi (kaba yem + konsantre yem),
yem miktarlarini ise dlgiilmeden tecrilbeye dayanarak verildigi belirlenmistir. Isletmelerin gogunda kaba yem iretimi
yapildigi belirlenmistir. isletmelerin %23.8'inde asidozis ve ketozis, %64.8’inde abomasum deplasmani, %9.5'inde siit
hummasi, %2.9'unda laminitis géruldigi tespit edilmistir. Sonug olarak arastirma yapilan isletme sahiplerinin hayvan
bakim ve besleme konusunda yeteri kadar bilgi sahibi olmadiklari, buzadi beslemede kolostrum ve siit icirme konusun-
da dikkatli olduklari ancak kaba ve kesif yem verme hususuna dikkat etmedikleri icin buzagi gelisiminde sikintilar oldu-
gu gdzlenmistir. isletmede diive, gebe diive ve sagmal ineklerin beslenmesine dikkat edilmedigi goriilmiistir. Kaba
yem uretimi bakimindan da gogunlukla disa bagimli olduklari anlasiimistir.

Anahtar kelimeler: Hayvan besleme uygulamalari, Nevsehir, sit sigirciligi

Evaluation of Structure of Dairy Cattle Farms and Animal Nutritional Practices in Nevsehir Province
Summary: The purpose of this study was to determine the general condition and animal feeding habits of dairy cattle
in Nevsehir. Within the scope of the research, 105 farms in Nevsehir, were visited and a survey was conducted. Gen-
eral information about the farm and the owner, calf growing and feeding, feeding and insemination of heifers, care,
feeding, milking, diseases of dairy cows was collected through questionnaires. There were 9228 animals in 105 farms.
It has been determined that 97% of the breeders were primary school graduates and 75% of them were insured. It was
determined that 78.1% of the farms were fed twice a day and 97.1% of the feeds were given after milking. It was ob-
served that calves born in all farms were given colostrum, but their timing was different. It has been determined that
most of the farms did not feed specially to heifers, dairy cows and dry cows. In 56.2% of the farms, it was determined
that the feeds were given mixed and the feed amounts were given by the rule of thumb. It was determined that rough-
age production was made in most of the farms. Acidosis and ketosis in 23.8% of businesses, abomasum displacement
in 64.8%, milk fever in 9.5%, laminitis in 2.9%. As a result, it has been observed that there were problems in calf devel-
opment since the owners of the researched research were not sufficiently knowledgeable about animal care and feed-
ing, are careful about colostrum and milk drinking in calf feeding, but do not pay attention to giving rough and dense
feed. Since heifers were fed without paying attention to the heifers, pregnant heifers and dairy cows, the yield was not
achieved at the desired rates and the profitability was low. In terms of roughage production, it was understood that they
were mostly dependent on the outside.

Key words: Animal nutrition applications, Nevsehir, dairy cattle
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tarafindan desteklenen Nevsehir lli St Sigirciiginin Genel Durumu
ve Hayvan Besleme Aligkanliklari adli yuksek lisans tezinden 6zet-
lenmisgtir.

onem kazanmigtir (Denli ve Demirel, 2016). Artan
nifusun dengeli beslenmesi igin bitkisel drdnlerin
yaninda hayvansal Urlinler de gok onemlidir (Ozkan
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ve Demirbag, 2016). Dunya saglik 6rgutu insanin kg
agirhgr bagina gunlik 1gr protein tuketmesi, bunun
da %42’sinin hayvansal kdkenli protein olmasi gerek-
tigini agiklamaktadir. Turkiye'de c¢ogdunlukla sanayi
sektoriiniin gelismedigi ve kirsal nifusun fazla oldugu
bolgelerde tarimsal Uretim yapilmaktadir. Tarimsal
Uretimin icerisinde yer alan hayvansal Uretim énemli
bir yere sahiptir (Unalan ve ark., 2013). Hayvancilik
sektoriinden elde edilen Urunler sanayi sektdriine
ham madde sagladigi (kozmetik, tekstil ve ilag sektd-
ri) gibi sanayi sektériinde istihdami da arttirmaktadir
(TIGEM, 2019). Ulkemizin cografi ve iklim 6zellikleri
blylkbas, kugukbasg, kanatli vb. hayvan yetistiriciligi
icin oldukga uygun olmasina ragmen bitkisel Uretimin
gerisinde kalmistir (Bayindir, 2008).

Hem dinyada hem de Ullkemizde hayvanciligin en
onemli alt sektdrlerinden birisi sigir yetistiriciligidir
(Sahin ve ark., 2011). Sigir yetistiriciligi hayvansal
kaynakli gida uretiminde 6nemli paya sahiptir (Yaylak
ve ark., 2015). Ulkemizde biyiikbas ve kiigiikbas
hayvanlardan uretilen Urlinlere bakildiginda ilk sirayi
sigir driinleri almaktadir (Mayda, 2016). Ulkemizdeki
sut Uretiminin yaklasik %92’si, kirmizi et Gretiminin de
yaklasik %78'’i sigirlardan elde edilmektedir (Sahin ve
ark., 2011). Sigir yetistiriciligi ilkemiz agisindan Uret-
tigi et ve sut miktarinin yaninda insan tuketimine uy-
gun olmayan kalitesiz bitkisel Grunleri gevis getirmesi
sayesinde tliketerek kaliteli Urtinler (et, sut) vermesin-
den dolayl da ¢ok o6nemlidir (Bakir ve Han, 2014).
Ulkemizde sit sigirciigi gogunlukla aile igletmesi
olarak yapiliyor olsa da son zamanlarda Tarim ve
Kirsal Kalkinmayi Destekleme Kurumu ile Tarim ve
Orman Bakanhgrnin vermis oldugu destekleme prog-
ramlarindan dolayi buyuk isletme sayisinda artis ol-
mustur (USK, 2019). Desteklemelere ragmen (lke-
mizde sit sigirciiginin; hayvan bakimi ve beslenmesi
konusunda yetistiricilerin yeterli bilgisi olmamasi,
Ulkemize adapte olmus yerli irklarin dusik verimli
olmasi, yiksek verimli kaltir irklarina uygun bakim ve
beslemenin yapilamamasi sonucu hayvan kayiplari-
nin yuksek olmasi, igletmelerin ihtiyaci olan kaba
yemi Uretecek arazi olmadidi igin kaba yemin satin
alinmasi, Uretilen sutin kalite standartlarinin altinda
kalmasi, suni tohumlamada yeteri kadar basarinin
elde edilememesi, sut fiyatinin disuk ve yem fiyatinin
yiksek olmasi gibi temel ve dnemli sorunlari vardir
(Gultekin 2014).

Nevsehir ili genel arazi varligi verilerine gére (2019)
Nevsehir ilinin nifusu 292 657 kisi olup bunun %
40.23'0 kirsal kesimde yasamaktadir. Toplam arazisi
538.630,0 hektar (ha) olan Nevsehir ilinin ekilebilir
arazi varligr 352 217.8 ha (%65.4), orman arazisi 13
664.6 ha (%2.5), cayir mera alani 71 624.3 ha (%
13.3) ve tarima elverigli olmayan arazi 101 123.3 ha
(%18.8) dir. Nevsehir ili buylkbags hayvan sayilarina
bakildiginda toplam 79.346 adet blylkbas hayvan
varligina sahiptir. Bunlarin 48 361’i kaltur irki, 30
383’U melez, 602’si ise yerli sigirdan olugsmaktadir.
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Bu arastirma ilimizde sit sigirciiginin genel durumu
ve hayvan besleme aligkanliklarinin belirlenmesi
amaciyla yapilmistir.

Gereg ve Yontem

Bu galisma ig Anadolu Bélgesinin énemli turizm sehri
olan Nevsehir ilinin sut sigin yetistiriciliginin sosyo-
ekonomik durumunu, yetistirme modellerin, hayvan
besleme aliskanliklarini ve kullanilan yemleri arastir-
mak amaciyla yapilmigtir.

Arastirma kapsaminda Nevsehir ilinde sut sigin yetis-
tiriciligi yapan merkez ve merkeze bagh kdylerden
tesadiifen 105 adet isletme belirlenmigtir. Nevsehir ili
sut sigirciliginin genel durumu ve hayvan besleme
aliskanliklarinin belirlenmesi adina igletme sahipleriy-
le anket calismasi yapilmistir. Anket formunda; islet-
melere ait bilgiler, hayvanlara ait bilgiler, yemlere ve
yemlemeye ait bilgilere yonelik sorular yer almistir.

Anket verileri igletmelerin genel durumu ve hayvan
besleme aliskanliklarina gére hazirlanarak olusturu-
lan veri kiitigu Uzerinde tanimlayici istatistik yontem-
leri (Alpar, 2010) ile isletmelerde durum tespiti yapil-
migtir.

Bulgular

Calisma yapilan 105 adet igsletmede toplam 9228
adet hayvan oldugu belirlenmistir. Yetistirilen irklar
incelendiginde isletmelerin %50.5’'inde holstein, %
36.2’sinde holstein ve simental irkinin birlikte yetisti-
rildigi saptanmustir. Isletmelerin %82.9'unun kapali
ahir  oldugu godzlemlenmistir.  Yetistiricilerin %
52.4’Gnun 31-40 yas araliginda olduklari, egitim du-
zeylerinin ilkokul (%99'u) seviyesinde oldugu tespit
edilmigtir. Ureticilerin %75.2’sinin sigorta yaptirdiklari
gérilmustir. Ureticilerden %59'unun hayvanciligi ek
is olarak yaptiklar ve %62.9’unun hayvan yetistiricili-
gi hakkinda higbir egitim almadan geleneksel usullere
gbre yaptiklari belirlenmistir. Ayrica igletmelerin %
72.4’lUnde aile, %25.7’sinde is¢i calistigi tespit edil-
mistir. Isletmelerde giinlik 2 sagim yapildi§i; sagim-
da %56.2 oraninda seyyar sagim makinesi kullanildi-
g1 belirlenmistir. isletmelerin %78.1’inin giinde 2 6giin
yemleme yaptidi ve bu isletmelerin %97.1’inin yemle-
meyi sagim sonrasi yaptiklar tespit edilmistir (Tablo

1),

Buzagi beslemesinde; st glinde 2 6gun olmak tzere
biberon ile (%90.5) igiriimektedir. igletmelerin %
95.2’si buzagilan 3-4 aylik olduklarinda sitten kes-
mekte ve kesif yem ile kaba yem (yonca) vermekte-
dirler. Diiveler 16-17 aylik olduklarinda ilk tohumlama
yapllmakta ve bu divelerin %72.4’lne 6zel bir besle-
me programi uygulanmamaktadir. Sagmal ineklerin
%82.9'unun laktasyon dénemine ve sut verimine gére
besleme programi uygulanmadigi, dodum vyapan
ineklere isletmelerin %95.2’sinin dogumdan 2 ay son-
ra tohumlama yaptirdigi tespit edilmistir. isletmelerde
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Tablo 1. isletmelerdeki yetistiricilere ve sagim ve yemleme sistemine ait bilgiler
Yetistiriciler
Degiskenler Degisken Sinirlan N %

20-30 2 1.9

31-40 34 52.4

Yas 41-50 40 38.1

51-60 25 23.8

>61 4 3.8

Egitim Diizevi ilkokul 104 99.0

9 y ilkokul Uzeri 1 1.0

. Evet 79 75.2

Sigorta Durumu Hayir 12 11.4

i Evet 62 59.0

Hayvancilik Digi Is Hayir 43 41.0

g s s Evet 39 37.1

Hayvan Yetistiriciligi Egitimi Alma Durumu Hayir 66 629

Sagim ve Yemleme Programi
Degiskenler Degisken Sinirlan N %
o 1 Sagim - -

Sagim Sayisi 2 Sagim 105 100

- . Seyyar Makine 59 56.2

Sagim Sekli Sagim Unitesi 46 438

1 Qgﬁn 3 29

Yemleme Programi 2 0gun 82 78.1

3 Ogiin 20 19.0
Sagim Sonrasi 102 97.1

Yem Verilme Zamani Sagim Esnasi 1 1.0

Sagim Oncesi 2 1.9

beslenmeye bagh hastaliklarin en basinda %64.8
oraninda abomasum deplasmani gelmekte; bunu %
23.8 ile asidozis ve ketosiz takip etmektedir (Tablo 2).

isletmelerin %56.2'sinin kaba ve kesif yemi ayri ayri
verdigi, verilen bu yemleri de %42’sinin g6z karari, %
38.7’inin tecribesine gore verdigi ve yem katki mad-
delerinin %86.7 oraninda kullanildigi belirlenmistir.
Ayrica isletmelerin %91.4’Gnin yonca, %83.8'inin
silajlik misir ve %96.2’sinin saman (Urettikleri; %
98.1’inin disardan kaba yem temin ettigi gérilmustur.
Kesif yemin %69.5’inin yem bayilerinden, %21.0’inin
de kooperatiflerden alindigi tespit edilmistir (Tablo 3).

Tartisma ve Sonug

isletme sahibine ait veriler incelendiginde yetistiricile-
rin %32.4°Gndn 31-40 yas, %38.1’inin 41-50 yas, %
23.8’inin 51-60 yas araliginda oldugunu belirlenmisgtir.
Askan ve Dagdemir (2016), yaptiklari ¢calismada ye-
tigtiricilerin yas ortalamasini 51.22 olarak tespit etmis-
lerdir. Yetigtiricilerin %100’Gnin okuryazar olduklari
bunun %99'unun ilkokul, mezunu oldugu gorilmus-
tir. Yapilan calismada yetigtiricilerin %74’Gnun ilko-
kul, %21.1’inin ortaokul, %3.5’inin lise mezunu olduk-
lari belirlemigtir. Onal ve Ozder (2008), ureticilerin %
75.2’sinin sigortali olduklarini belirlemistir. Yapilan bir
calismada yetistiricilerin %6’sinin SSK'li, %74’Gnuln
Bag-Kur'lu olduklari, %4’Unln yesil kart sahibi oldugu
belirlenmistir (Timer ve Kumbasaroglu, 2008). Yetis-

tiricilerin %59’unun hayvansal Uretim disi islerle de
ugrastigi belirlenmistir. Seker ve ark. (2012), yaptikla-
ri calismada yetistiricilerin %48.0’inin hayvancilik digi
islerle ugrastigini  saptamistir.  Yetigtiricilerin = %
62.9’unun sut sigin yetigtiriciligi hakkinda egitim al-
madigi belirlenmistir. Késeman ve Seker (2016), yap-
tiklari galismada vyetistiricilerin  %64.6’sinin  egitim
almadiklarini belirlemistir. Yaptigimiz calismadan ve
diger galismalardan elde edilen verilen incelendiginde
sonuglarda rakamsal farkhlik olmasina ragmen birbiri-
ne yakin ¢iktigr géralmastur.

Anket calismasi yapilan 105 adet igletmenin %
100’Gn0n glnlik 2 sagim yaptigi ve bu sagimin %
56.2’sinin seyyar makine ile yapildigi belirlenmistir.
Demir ve ark. (2014), yaptiklari bir galismada igletme-
lerin %95.7’sinin ginde iki kez sagim yaptigini ve
isletmelerin %78.4’Unln elle, %21.6’sinin seyyar ma-
kine ile sagim yaptigini tespit etmistir.

Yemlemenin igletmelerin %78.1’'inde glinde iki 6gln
olmak lzere %97.1’inde sagim sonrasi yapildigi be-
lirlendi. Yapilan bir c¢alismada igletmelerin %
63.2’sinin guinde iki yemleme yaptigi, %31.6’sinin da
giinde (i¢c yemleme yaptigi tespit edilmistir (Onal ve
Ozder, 2008). Arastirma sonucu elde edilen veriler ile
diger calismalarin verilerinin benzer oldugu goérul-
mektedir.

isletmelerin %90.5'inde buzagilara siitiin biberonla
237
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Tablo 2. isletmelerdeki hayvanlara ait yetistirme, besleme ve hastaliklarla ilgili bilgiler

Buzagilar
Degiskenler Degisken Sinirlar N %
Siit icirilmesi Biberon 95 90.5
¢ Kova 10 9.5
Siit Verme 2 Ogiin 105 100
. . 1-2 Ay 5 4.8
Sitten Kesim Yasi 34 Ay 100 95.2
. . . Evet 103 98.1
Kesif Yem Verilmesi Hayir 2 29
Kaba Yem Verilmesi Evet 105 100
Hayir - -
Diive ve Sagmal Inekler
Degiskenler Degisken Sinirlari N %
15 9 8.57
Diivelerin Tohumlama Yasi(Ay) 13 gg ggg?
18 15 14.28
.. Evet 29 27.6
Diivelere Besleme Programi Hayir 76 704
.. . .. Evet 18 17.1
Laktasyon Dénemine Gére Besleme Durumu Hayir 87 829
1 2 1.9
Dogum Sonrasi Tohumlama Yasi (Ay) 2 100 95.2
3 3 2.9
Beslenme Kaynakli Hastaliklar
Degiskenler Degisken Sinirlan N %
I . Evet 25 23.8
Asidozis, Ketozis Hayir 80 76.2
Laminitis Evet 1 2.9
Hayir 94 89.5
. Evet 10 9.5
Siit Hummasi Hayir 95 905
Evet 68 64.8
Abomasum Deplasmani Hayir 37 35.2

icirildigi ve tamaminda iki 6gunde verildigi tespit edil-
mistir. Burdur ve Trakya'da yapilan galismalarda,
sutlin isletmelerin %97.4 ve %98’inde biberonla, %
1.3 ve %2’sinde annesini emzirme yolu ile verildigi
tespit edilmistir. Burdurda buzagilarin %1.3’Unin
kova ile sut ictikleri belirlenmistir (Elmaz ve ark.,
2010; Bintas, 2011). Buzagilarin sutten kesim yasinin
isletmelerin %95.2’sinde 3-4 ay oldugunu saptamig-
lardir. Adana ilinde buzagilarin sutten kesim yaslari-
nin isletmelerin %39’unda 2 aylik ve daha dénce, %
56’sinda 3-4 aylik yasta, %5’inde 4 ay ve Uzeri yasta
oldugu belirlenmistir (Piringgi, 2015).

Buzagilarin beslenmesinde kesif yemi isletmelerin %
98.1'inin, kaba yemi de %100’Gnun kullandigi belir-
lenmigtir. Bayindir (2008), Van ilindeki galismasinda
isletmelerin %8.7’sinde buzagi blyltme yemi kullani-
lirken, %91.3’'inde buzagi biylUtme yemi kullaniima-
digini tespit etmistir. Kése (2006), Usak ilinde yapmis
oldugu calismada isletmelerin %14’Gnun 1-10 glinde,
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%36’sinin 11-20 glinde, %32’sinin 21-30 giinde, %
4’Gnin 31-50 glnde, %14’Gnin 51 gin ve lzerinde
kaba yem verdiklerini tespit etmigtir. Yapilan bu calig-
manin bulgularinin bahsi gegen arastirmalarin bulgu-
lari ile ayni dogrultuda oldugu goérulmustar.

isletmelerde divelerin  %50.48’inin 16 aylik, %
26.67’sinin 17 aylik yaslarda tohumlandigi tespit edil-
migtir. Yapilan farkh ¢alismalar incelendiginde diive-
lerin tohumlanma yasinin 15.93 ay oldugu belirlen-
mistir (Unalan ve ark., 2013).

isletmelerin %72.4’'tiniin diivelere zel besleme prog-
rami uygulamadiklari, sagmal ineklerde ise laktasyon
doénemlerine gore besleme programinin %82.9'unda
yapilmadidi saptanmistir. Yapilan bir galismada islet-
melerin %94’Unde dlvelere besleme programi yapil-
madigi, bagka bir calismada isletmelerin %56’sinin
sagmal inekleri verim dulzeylerine gére gruplandira-
rak besleme yapmadiklari belirlenmistir (Bayindir,
2008; Kose, 2006). isletmelerin %95.2’sinin dogum
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Tablo 3. Isletmelerdeki yemleme, yem Uretimi ve teminine ait bilgiler
Yemleme

Degiskenler Degisken Sinirlari N %
. . . Karisik 46 43.8
Kaba ve Kesif Yem Verilme Sekli Ayri Ayri 59 56.2
Profesyonel 20 19.0
Yem Miktarinin Belirlenmesi Tecribe 40 38.1
Goz Karari 45 42.9
. Evet 91 86.7
Yem Katki Maddesi Kullanimi Hayir 14 13.3

Yem Uretimi

Degiskenler Degisken Sinirlan N %
Yon Evet 96 914

onca Hayir 9 8.6
I Evet 88 83.8
Silajlik Misir Hayir 17 16.2
Evet 35 33.3
Yulaf Hayir 70 66.7
Fig Evet 38 36.2
'9 Hayir 67 63.8
s Evet 101 96.2

aman Hayir 4 3.8

Yem Temini

Degiskenler Degisken Sinirlan N %

Evet 103 98.1

Kaba Yem Satin Alma Hayir 2 19
Fabrikalar 7 6.7
. . . . Kooperatifler 22 21.0
Kesif Yem Temin Edilme Yeri Yem Bayileri 73 69.5
Sut Toplama Merkezi 3 2.8

sonrasi ikinci ayinda tohumlama yaptirdiklari belirlen-
mistir. Onal ve Ozder (2008), yaptiklari calismada
dogum yapan ineklerin % 50.9’unun dogumdan 90
gun, % 28.1’inin 75 giin sonra tohumlandidini belirle-
miglerdir. Hayvanlarin verim diizeylerine gbre grup-
landirma yapilarak besleme programi yapilmadigini
arastirma sonuglari ortaya koymaktadir. Diyarbakir
ilinde yapilan bir calismada isletmelerin %56’sinin
hayvanlari verim diizeyine gére gruplandirma yapma-
dan besleme programi uyguladidi, baska bir ¢calisma-
da igletmelerin %68’inin sut sigirlarinda verim dizey-
lerine besleme yaptigi tespit edilmistir (Denli ve ark.,
2014; Oguz ve ark. 2013).

Beslenmeye bagli hastaliklar incelendiginde igletme-
lerin %23.8’'inde asidozis ve ketozis, %2.9’'unda lami-
nitis, %9.5’inde st hummasi, %64.8’'inde abomasum
deplasmani gorildigu tespit edilmistir. Burdur ilinde
yapilan bir galismada isletmelerin 5,4+-7,6, hipokal-
semi 0,5+-0,8, ketozis 0,3+-0,6, abomasum deplas-
mani 0,7+-0,9, asidozis 2,8+-8,9, Laminitis 5,6+-14,1
seklinde gorilmektedir (Oguz ve ark., 2013). Yetigstiri-
cilerin hayvan beslemeden kaynakli hastaliklar hak-
kinda bilgi sahibi olmadiklari da goérilmustar.

Kaba ve kesif yemi igsletmelerin %56.2’sinin ayri ayri
verdikleri belirlenmistir. Akkus (2009), Konya’da islet-

melerin %70.56’sinin kaba yem ile karma yemi kari-
stk verdiklerini, %22.90’inin 6nce kaba yem sonra
karma yem verdiklerini, %6.54’Gnln ise 6nce karma
yem sonra kaba yem verdiklerini tespit etmistir. Veri-
len bu yem miktarlarini da igletmelerin %42.9’unun
g0z karari, %38.1’inin tecriibesine gore verdigi tespit
edilmistir. ElImaz ve ark. (2010), Burdur ilinde yaptig
c¢alismada hayvanlara yem verilme miktarini isletme-
lerin  %92.6'sinda yetistiricinin  belirledigini, %
5.6’sinda yem aldigi fabrikadan faydalandigini, %
2.8’inin ise veteriner hekimlerden destek alarak tespit
ettiklerini bildirmistir. Yem katki maddesini isletmele-
rin %86.7’sinin yalama tuzu olarak kullanildigi gordl-
mustir. Oguz ve ark. (2013), Burdur ilinde yaptiklari
calismada igletmelerin %60'inin yem katki maddesi
kullandigini, %40’ 1inin kullanmadigini tespit etmistir.

Calismamizda kaba ve kesif yemlerin ayri ayri verildi-
gi oran ¢ok olmasina ragmen Elmaz ve ark. (2010),
yemlemenin karigik verilme oranini yiksek oldugunu
tespit etmistir

isletmelerin  %91.4’Gniin yonca, %83.8'inin silajlik
misir, %33.3’Unun yulaf, %36.2’sinin fig ve %
96.2’sinin saman urettidi tespit edilmistir. Yapilan bir
galismada Isletmelerin %73.2’sinin misir, %20.6’sinin
yonca, %20.4’Unun arpa, %17.7’sinin fig, %4.6’sinin
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korunga, %2.1’inin ¢avdar uUretimi yaptiklar belirlen-
mistir (Tugay ve Bakir, 2008). isletmeler biiyiikliikleri-
ne veya imkanlarina gére kaba yem uretimi yaptiklari
calismalardan elde edilen veriler ortaya koymaktadir.

Yapilan galismada isletmelerin %98.1’inin kaba yemi
satin aldiklari belirlenmistir. Kaba yem uretimini iglet-
melerin %82’sinin hem Uretim yaptigi hem de satin
aldigi, %10’unun kendi Urettigi, %8’inin satin aldig
tespit edilmistir (Oguz ve ark., 2013). Kesif yemi iglet-
melerin %65.5'inin yem bayilerinden, %21’inin koope-
ratiflerden, %6.7’sinin yem fabrikalarindan, %2.8’inin
sut toplama merkezlerinden temin ettikleri belirlendi.
Bayindir (2008), Van ilinde yaptigi ¢galismada isletme-
lerin %74.2'sinin 6zel bayilerden, %14.6’sinin yem
fabrikalarindan,  %H1.1’'inin  kooperatiflerden, %
10.7’inin 6zel bayilerin yaninda fabrikalardan aldigini
tespit etmistir. isletmeler ihtiyaci olan kaba yemin
tamamini kendisinin Uretemedigi icin disa bagiml
oldugu yapilan ¢alismalardan gorulmektedir.

Sonug olarak isletmelerde yetistiricilerin ilkokul mezu-
nu orta yas grubundaki insanlarin oldugu goértlmekte-
dir. Yetigtiricilerin sigorta yaptirmasi, sagim sayisi,
sagim sekli yemleme programi ve yem verileme za-
manlari ¢alismada elde edilen olumlu sonuglar ara-
sindadir. isletmelerin genelinde iki 6§iin yemlemenin
agirhkh oldugu, buzagr beslemede kolostrum, st ve
kaba/kesif yemlerin 6neminin bilindigi anlasiimigtir.
Gebe divelerin ve yeni dogum yapmis ineklerin bes-
lenmesine isletmelerin 6nemli bir kisminda gereken
dzenin gosterilmedigi saptanmistir. isletmelerde diive
ve dogum sonrasi ineklerin tohumlama zamanlarina
dikkat edildigi sonucuna varilmistir. Beslenmeye bag-
I hastaliklar konusunda yetistiricilerin bilgisinin olma-
di igin énlem alinmadigi saptanmistir. igletmelerin
ihtiyaci olan kaba yemelerin Uretimini yapamadigi icin
disa bagiml olduklari belirlenmigtir.
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Ozet: Tespit islemi, hiicre ve doku komponentlerinin 6liim sonrasinda morfolojik 6zelliklerinin canlidaki durumuna en
yakin sekilde sabitleyip, histolojik olarak incelenmesine olanak tanir. Tespit isleminde kullanilan kimyasal ajanlara fik-
satif denir. Yirminci ylzyildan giinimuize kadar rutin doku tespit isleminde formaldehit ¢ozeltisi kullaniimaktadir. Her
fiksatif doku tespit islemi slresince doku histomorfolojisinin incelenmesi adina avantaj ve dezavantajlara sahiptir. Bu
nedenle tespit islemi icin amaca yonelik dogru fiksatif ile ¢alisilmasi gerekir. Bu galismada hedef, 3 farkli fiksatif ile
hazirlanan 4 ¢ozeltinin, diger faktorler optimum seviyede tutularak, doku tespit islemi surecinde nasil etkilere sahip
olduklarini belirlemek ve tespit 6zelliklerine gore en ideal kullanim amaglarini ortaya ¢ikarmakti. Bu amagla, calismada
doku tespit islemi sirasinda fiksatiflerin dezavantajlarindan etkilenen ve hiicre morfolojisinin incelenmesinde zorluklarla
kargilasilan dalak ve bdbrek dokulari izerinde g¢aligildi. Yaklagik 0.5 cm kalinligindaki doku 6rnekleri hazirlanan %
3.7°lik, %10 luk formaldehit ve Hollande ¢ozeltilerinde 16 saat, Carnoy ¢ozeltisinde ise 4 saat sire ile tespit edildi. Ru-
tin doku takip islemlerinden gegirildikten sonra alinan doku kesitleri H&E ile boyandi. Bu dokularin histomorfolojik ince-
lemeleri yapildiginda hticre sitoplazma boyanmasi igin en uygun fiksatifin %3.7°lik formaldehit ¢dzeltisi oldugu, hicre
cekirdek ve cekirdekgiklerinin morfolojisini ortaya koymada ise Carnoy ve Hollande ¢ozeltilerin kullanimlarinin ideal
oldugu, ancak Carnoy ¢ozeltisinin eritrositlerde ileri diizeyde lizise yol agtigi gézlendi. Sonug olarak, doku tespit isle-
minde %3.7"lik formaldehit ¢ozeltisinin kullanimi ideal bulunurken, Carnoy ve Hollande ¢dzeltilerinin ise hicre gekirdek-
lerindeki histomorfolojik degdisikliklerin detayli incelenmesini gerektiren hastaliklarda etkili bir kullanim olusturacaklari 6n
gorulda.

Anahtar kelimeler: Carnoy, formaldehit, Hollande, tespit islemi

Fixation and Comparative Histologic Evaluation of Cat and Dog Tissues using Different Fixatives
Summary: Fixation is a procedure that allows histological evaluation of cells and tissue components by fixing them to
their closest morphological features in life-like state after death. Formaldehyde solution has been in use since the 20"
century. During the tissue fixation, each fixatives represent their own advantages and disadvantages on the examina-
tion of histomorphological properties of the tissues. So that, the fixation has to be performed with the appropriate fixa-
tive depending on the research aim. The aim of this study was to determine the effects of four solutions, prepared by 3
different fixatives, on the tissue fixation process by keeping the other factors at an optimum level and to determine the
most ideal use according to the fixation properties. For this purpose, the spleen and kidney tissues were studied, since
they are generally affected by the disadvantages of fixatives during the tissue fixation process and lead to difficulties in
examining cell morphology. Tissue samples of 0.5 cm thickness were fixed in the 3.7%, 10% formaldehyde and Hol-
lande solutions for 16 hours and Carnoy solution for 4 hours. Thereafter, tissue samples were routinely proceeded, and
sections were stained by H&E. The histomorphological examinations of these tissues revealed that the most suitable
fixative for cytoplasmic staining was 3.7% formaldehyde solution, while the use of Carnoy and Hollande solutions was
ideal in revealing the morphology of the nucleus and nucleolus. However the Carnoy solution caused high lysis in
erythrocytes. As a result, it was concluded that the 3.7% formaldehyde solution could be ideally used in tissue fixation
process, whereas Carnoy and Hollande solutions were seen to be effective in diseases that require detailed examina-
tion of histomorphological changes in nucleus and nucleolus.

Key words: Carnoy, fixation, formaldehyde, Hollande

Girig

Tespit islemi, gesitli kimyasal ve fiziksel yontemlerle
dokularin 6lim sonrasinda yasamsal dénemindeki
haline en yakin sekilde korunmasini saglayarak, mik-
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roanatomik yapilarini en ideal diizeyde inceleyebil-
mek i¢in uygulanan bir seri islemin ilk basamagini
olugturur (Grizzle, 2001). Tespit islemi sirasinda do-
kular otolize yol acan bir takim enzimsel ve bakteriyel
faktorlerden, enfeksiy6z ajanlardan korunur, hiicreler
ve hiicreler arasi komponentler stabilize olur (Fox ve
ark.,1985; Eltoum ve ark., 2001; Grizzle, 2009). Bun-
larin yani sira, tespit isleminin dokularda biziigme,
sisme, sertlesme ve hatta molekiler kayiplar gibi
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histokimyasal calismalarin kalitesini etkileyebilecek
dezavantajlan da bulunmaktadir (Eltoum ve ark,
2001).

Doku tespit islemi kimyasal ve fiziksel yontemlerle
yapilabilir. Fiziksel yontemler arasinda; mikrodalga
kullanimi gibi 1sil igslem uygulamalarn ve -40°C'de
dondurma metotlari bulunmaktadir. Beseri ve veteri-
ner patolojide en sik tercih edilenler ise kimyasal y6n-
temlerdir (Eltoum ve ark., 2001). Kimyasal yontemler-
de dokunun “fiksatif” olarak adlandirilan g¢ozeltilerde
bekletiimesi s6z konusudur. Fiksatifler ¢ozelti icerisin-
deki ¢odzinur proteinler Uzerindeki etkilerine gore;
koagilan ve non koagilan fiksatiflar olmak Uzere
siniflandinlir (Eltoum ve ark., 2001). Galisma prensip-
lerine bakildiginda koagulatif fiksatiflerin proteinleri
cOktlrerek jel haline getirdigi, koagdlatif olmayan
fiksatiflerin ise proteinlerle ¢capraz baglar olusturdugu
bildirilmistir (Eltoum ve ark., 2001; Dogan, 2005).
Cozundr proteinler ¢dzilmeyen proteinler haline geti-
rilir, béylece dokular in vivo sartlardaki en yakin vazi-
yetine benzer sekilde sabitlenir ve dokularin yapisi
korunur (Dogan, 2005). Bu kapsamda, fiksatif ajanla-
rin tek baslarina degil de karisim halinde kullaniima-
larinin daha iyi sonug verdiginin fark edilmesiyle, yeni
bir siniflandirma 6nerilmistir: Aldehitler (formaldehit,
gluteraldehit), oksitleyiciler (osmium tetraoksit, potas-
yum permanganat), protein denatiire ediciler veya
koagilanlar (asetik asit, metil alkol), gapraz bag ya-
pan diger ajanlar (karboddiiminler), fiziksel ajanlar ve
digerleri (civa klorur, pikrik asit) (Baker ve Silvertone,
1976). Histopatoloji ve patoloji laboratuvarlarinda 20.
yy'den bu yana mikroskobik incelemeler icin %3.7°lik
formaldehit ¢ozeltisi (veya %10’luk formalin) rutin
olarak kullaniimaktadir (Grizzle, 2001). Fakat iyi bir
tespit islemi icin secilen fiksatifler amaca yonelik ol-
malidir, bu da uygun bir fiksatif veya karma fiksatifleri
kullanmakla mimkindir (Baker ve Silvertone, 1976).
Fiksatifin secimi kadar, tespit isleminde kullanilan
fiksatifin pH'si, fiksatifte bekletiime suresi, tespit isle-
mindeki sicaklik degeri, fiksatifin konsantrasyonu,
ozmolaritesi ve iyon kompozisyonu, ek elektrolit ilave-
si gibi unsurlarin optimum dlizeylerde olmasi ve uy-
gun fiksatifin secilmesi tespit isleminin kalitesini etki-
leyen diger faktorler arasinda yer almaktadir (Eltoum
ve ark., 2001).

Bu calismada, %3.7'lik ve %10’luk formaldehit, Hol-
lande ve Carnoy c¢dzeltileri olmak tzere 3 farkl fiksa-
tif ile hazirlanan 4 ¢ézeltinin, ¢evresel faktorler opti-
mum seviyede tutularak, doku tespit strecinde nasil
etkilere sahip olduklarini belirlemek ve tespit 6zellik-
lerine gore en ideal kullanimlarini ortaya g¢ikarmak
amagclanmistir.

Gereg ve Yontem

Calismada kullanilacak fiksatif gozeltiler anabilim dali
laboratuvarimizda asagidaki formulasyonlara gére
hazirlandi: %3.7'lik formaldehit ¢ozeltisi (%37’lik for-
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malin ve distile su- %10’ luk karisim); %10’luk formal-
dehit ¢ozeltisi (%37'lik formaldehit ve distile su- %
257lik karisim); Carnoy ¢ozeltisi (absolit alkol 60 ml,
kloroforom 30 ml ve asetik asit 10 ml); Hollande ¢6-
zeltisi (70 g bakir asetat, 120 gr pikrik asit, 3.75 ml
glasial asidik asit, 300 ml formalin, 3 It disitle su).
istanbul Universitesi-Cerrahpasa, Veteriner Fakiiltesi,
Patoloji Anabilim Dali'na rutin uygulamalar gerceve-
sinde getirilen, 5 kedi ve 5 kdpege uygulanan nekrop-
silerden elde edilen toplam 10 adet bdbrek ve 10
adet dalak dokusu ornekleri %3.7°lik ve %10 luk for-
maldehit, Hollande ve Carnoy c¢ozeltileri, gevresel
faktorler optimum seviyede tutularak, formaldehit ve
Hollande c¢ozeltilerinde yaklasik 16 saat, Carnoy ¢6-
zeltisinde ise 4 saat sure ile tespit edildi. Fiksasyon
sonrasi gesme suyu altinda yikanan doku &rnekleri
rutin histolojik doku takibi asamalarindan gegirildi ve
parafin bloklara gémildi. Hazirlanan parafin bloklar-
dan 3-4 ym kalinliginda kesitler alinarak H&E ile bo-
yandi. H&E boyama igin kesitler; sirasiyla %100°1uk,
%90°11k, %70’lik alkol serisine daldirma,1 defa gesme
suyuna daldirma, Hematoksilen'de 5 dk bekletme, 15
dk ¢cesme suyunda bekletme, 2 dk Eozin'de bekletme
ve sirasiyla %70’lik, %90'hk, %100°lik alkol serisine
daldirma, ksilole daldirma ve yapistirici ile lamel ka-
patiimasi prosedurinden gegirilmistir.

Ornekler 1sik mikroskobunda (Olympus BX50) ince-
lendi. Histolojik gérinimui degerlendirmek Uzere ge-
kirdek, cekirdekgik, sitoplazma boyanmalari ve mor-
folojik 6zellikleri, gekirdek ve hiicresel diizeyde bi-
zisme, cekirdek ve hicresel bilesenlerin bozulmasi
ile birlikte eritrositlerin boyanma durumlar degerlen-
dirme parametreleri olarak secildi. Parametreler go-
rinti kalitesi agisindan gok iyi (+++), iyi (++) ve zayif
(+) olmak uzere derecelendirildi.

Bulgular

Kedi ve kdpek nekropsilerinden alinan dalak ve bob-
rek dokularinin tespit isleminin ardindan, %3.7 lik
formaldehit, Hollande ve Carnoy ¢ozeltilerinde doku-
larin dilimlenebilir kivamda oldugu gézlendi. Ornekler
doku takip kasetine alinirken ve parafin doku blokla-
rindan mikrotomla kesit alinmasi sirasinda herhangi
bir parcalanma gézlenmedi. Ancak %10°luk formalde-
hit ¢ozeltisi ile tespit edilen dokularda parafin kesitle-
rinin alinmasi sirasinda, bu dokularin hafif kirilgan
oldugdu ve yer yer parcalandigi gézlendi.

Mikroskopik incelemede bobrek tubul epitel hiicreleri-
ne bakildiginda, %3.7°lik formaldehit c¢ozeltisinde
hicrelerin optimal diizeyde boya aldigi, sitoplazma
ve sitoplazma-gekirdek sinirlarinin ¢ok iyi olmasinin
yani sira hicrelerin bazal membran sinirinda kaldigi
gbézlendi (Sekil 1A). Ancak %10’ luk formaldehit ¢ozel-
tisinde bu hiicrelerin eozinle agik pembe renge bo-
yandidi ve hicrelerin sitoplazmalarinda vakuoler de-
gisiklikler oldugu, ayrica ¢ogu alanda tubuluslarin
bazal membrandan ayrildigi ve epitellerde ddkilme
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oldugu izlendi (Sekil 1B). Hollande (Sekil 1C) ve Car-
noy c¢ozeltilerinde ise tubul epitellerinin sitoplazmala-
rinda yodun eozinofilik boyanma ve hicrelerde sis-
kinlik gozlendi.

O X4 4 E’s
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Sekil 1. Bobrek ri. A. %3.7°lik
formaldehit ¢ozeltisinde tubul epitellerinin hem bo-
yanma (yildiz), hem de hiicre sitoplazma ve sitoplaz-
ma- gekirdek (kirmizi ok) ve bazal membran sinirlari
optimum diizeyde (siyah ok). B. %10’luk formaldehit
¢ozeltisinde tubul epitel hdcrelerinin sitoplazma ve
sitoplazma- ¢ekirdek sinirlarinin iyi  korunmadigi
(kirmizi ok) ve epitel hiicrelerde vakuoler degisiklikler
(y1ldiz) oldugu, hiicrelerin bazal membrandan ayrildi-
g1 (siyah ok) gozleniyor. C. Hollande cozeltisi ile
yogun hicre sitoplazmalarinda yogun eozinofilik
boyanma ve siskinlik, ancak bazal membran sinirlari
optimum diizeyde (siyah ok)

%3.7'lik formaldehit ¢ozeltisinde dalak trabekil miyo-
sitlerinde sarkoplazma ve sarkoplazma- c¢ekirdek
sinirlarinin ¢ok iyi korundugu ($ekil 2A), ancak %
10’luk formaldehit c¢ozeltisinde bu hicrelerde ileri
dereceli dehidrasyon ve buzismeye yol actidi, sitop-
lazmalarinin yodun hiyalinize goriinimde oldugu iz-
lendi (Sekil 2B). Farkli ¢ozeltilerin sitoplazma boyan-
masi ve histomorfolojik incelemeye katkisi Tablo 1°de
gOsterildigi gibidir.
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Sekil 2. Dalak trabekiler kas hucreleri. A. %3.7'lik
formaldehit ¢ozeltisi ile tespit edilen dalak trabekuler
kas hucrelerinde, hiicrelerin sarkoplazma ve sarkop-
lazma - ¢ekirdek sinirlari (ok). B. %10’ luk formaldehit
cozeltisinde bu hucrelerde ileri dereceli dehidrasyon

ve bilzusme efekti ile birlikte, sitoplazmalarinda yo-
gun hiyalinizasyon goruntisu (ok)

Hazal OZTURK GURGEN

Dalak ve bdbrek dokularindaki hiicre c¢ekirdek ve
cekirdekgiklerinin boyanma durumlari histolojik olarak
degerlendirildiginde; en iyi morfolojik striiktir Hollade
ve Carnoy c¢ozeltilerinde goézlendi (Sekil 3A, B).
%3.7'lik formaldehit ¢ozeltisinde ise cekirdeklerde
daha yogdun (hiperkromazik) bir boyanmaya yol actigi
saptandi (Sekil 3C).

cekirdek ve cekirdekgiklerinin histomorfolojik incelen-
mesi. A ve B. Hlcre cekirdek ve ¢ekirdekcik detaylari
Hollade (A) ve Carnoy (B) cozeltilerinde belirgin
(kirmizi oklar) C. %3.7'lik formaldehit c¢ozeltisinde
cekirdeklerde daha yogun (hiperkromazi) boyanma
(kirmizi ok)

Derecelendirme yapildiginda Hollande ve Carnoy
¢ozeltilerinin  ¢ekirdek morfolojileri  %3.7°lik  ve
%10’luk formaldehit ¢ozeltilerine gbre daha detayl
incelenebilir olduklari, %3.7’lik formaldehit ¢ozeltisi-
nin ise %10’luk formaldehit ¢ozeltisine oranla daha iyi
oldugu izlendi (Tablo 1).

Eritrositlerin durumu incelendidinde ise, %3.7'lik for-
maldehit ¢Ozeltisinde eritrositlerin morfolojik yapisi ve
boyanmasi ¢ok iyi gozlenirken (Sekil 4A), Carnoy
¢ozeltisinde eritrositlerde belirgin lizis izlendi (Sekil

&’ g " ’ 5 ;"4’ _“;»r :
Sekil 4. Eritrositlerin histoloj
formaldehit ¢ozeltisinde eritrositlerin morfolojik yapisi
(yildiz). Ek resim, daha yuksek buyltmede izlenen
eritrositlerin boyanmasi optimum diizeyde ve merkez-
lerindeki konkav gérinim belirgin (ok). B. Carnoy
cOzeltisinde eritrositlerde belirgin lizis (yildiz). Ek re-
simde eritrositler daha yiksek buylitmede, hicre
kenarlari ince kontorle ¢izilmis gibi ve merkezleri sol-
gun boyanma ile karakterize (ok)
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4B). Hollande c¢ozeltisinde eritrositlerdeki lizis zayif
iken, %10’ luk formaldehit ¢dzeltisinde lizis gérilmedi,
ancak eritrositlerin morfolojik yapisi ve boyanmasi
%3.7°lik formaldehit ¢ozeltisine kiyasla daha soluk
izlendi (Tablo 1).

Erciyes Univ Vet Fak Derg 2020; 17(3): 242-247

mine tabi tutuldugunda, fiksatifin lenf yumrularina
niifus ederek onlari formaldehit ¢dzeltisine gore daha
gorinur kildidi, boylece saptanan lenf nodu sayisinda
belirgin artis izlendigi ve bunun sonucunda da gastro-
intestinal bdlge timodrlerinin evrelendirme sistemine

Tablo 1. %3.7’lik ve %10’ luk formaldehit ¢ozeltileri, Carnoy ve Hollande ¢ozeltilerinin dalak ve bébrek dokular

Uzerindeki fiksatif etkileri

Kullanilan fiksatif geklrdgk ve gekirdekik Sitoplazma boyanmasi Eritrosit
oyanmasi boyanmasi
%3.7 "lik F ++ +++ F+
%10’luk F + + -+
Hollande 4+ + .
Carnoy +++ ++ +

(F: Formaldehit ¢ozeltisi)

Tartisma ve Sonug

Diagnostik patolojide rutin fiksatif olarak yiz yili agkin
stredir %3.7’lik formaldehit ¢ozeltisi (%10’ luk forma-
lin) kullaniimaktadir (Grizzle, 2001). Bunun en 6nemli
nedenleri, formaldehit ¢bzeltisinin pahali olmamasi,
kolay uygulanabilmesi ve iyi mikroskobik goruntl elde
edilebilmesi gibi avantajlar saglamasidir (Colemann
ve Tsancolis, 2006). Fakat formaldehitin bilinen en
buyuk dezavantaji yiksek kanserojen etkiye sahip
olmasidir. Yapilan bir calismada ylksek miktarda
formaldehite maruz kalan ilgili is grubundaki insanlar-
da lenfohematopoetik malignitelerin artis gosterdigi
(Freeman ve ark. 2009), respiratuvar sistem ve goz
icin irritan nitelikte oldugu (Drury ve Wallington, 1980)
bildirilmistir. Formaldehit fiksatiflerinin bu tip dezavan-
tajlari ve doku Uzerindeki olumsuz etkilerine karsilik,
formaldehit igermeyen etanol bazli fiksatiflerin kulla-
nilmasina yoénelik girisimler yapilmistir (Warmington
ve ark. 2000; Gillespie, ve ark., 2002). Warmington
ve ark. (2000) formaldehite alternatif olarak ethanol
bazl bir fiksatif 6nerirken, Ahmed ve ark. (2010) al-
ternatif olarak, etanol bazli Carnoy fiksatifinin rutin
olarak formaldehit yerine kullanilamayacagini 6ne
surmuslerdir.

Rutin formaldehit ¢ozeltisi yerine amaglarina uygun
segilen farkl fiksatiflerin patolojik taniya yénelik daha
iyi makroskobik (Luz ve ark., 2008) ve mikroskobik
(Grizzle, 2001) degerlendirme imkani sagladig bildi-
rilmistir. Bu durum, 6zellikle kanser olgularinin evre-
lendiriimesinde (staging), prognoz tayinin belirlenme-
sinde oldukg¢a 6nemlidir. Kanser olgularinda lenf no-
du metastazlarinin degerlendirilmesi, timor evrelen-
dirme sisteminin bir pargasidir. Bununla ilgili olarak,
insan hekimliginde gastrointestinal sistem lenf nodla-
rinin gbézden kacabildigi, dolayisiyla kolon ve rektal
kanserlerine yonelik evrelendirme sisteminde zorluk
olusturdugu bildirilmistir (Resch, 2013). Bir arastirma-
da, kadavralar (izerinden gastrointestinal sistemde
yer alan lenf yumrulari Carnoy ¢ozeltisi ile tespit isle-
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daha iyi uygunluk gdsterdigi rapor edilmistir (Luz ve
ark., 2008).

Doku takip prosedurlerinde diger 6nemli bir kriter ise
kesit alma sirasinda iyi tespit islemine tabi tutulama-
yan orneklerin pargalanmasidir (Singhal ve ark.,
2016). Doku buyukligl, oda sicakhgi, ¢ozelti pH'si
kosullarindan bagimsiz olarak, fiksatif tiriine gore
dokularin ¢ozelti icerisinde tespit olma sireleri farkli-
lik gosterir (Kahyaoglu ve Gokgimen, 2017). Formal-
dehit gozeltisi igin optimum sire 12 - 24 saat olarak
olarak belirlenmigtir (Fox, 1985). Baska bir formalin
turevi fiksatif olan Hollande ¢ozeltisi icin tespit islem
suresinin 4 - 18 saat araliginda oldugu bildirilmigtir
(Kahyaoglu ve Gokgimen, 2017). Alkol bazli fiksatifle-
rin ise tespit islem slresi daha kisadir, bunun nedeni
alkoliin dokulara hizli bir sekilde nifuz etmesidir
(Bancroft ve Gamble, 2008). Bu fiksatiflerin arasinda
yer alan Carnoy ¢0zeltisi hizl tespit edebilme 6zelligi
sayesinde, hemen sonug verilmesi gereken durumlar-
da tercih edilir (Bancroft ve Gamble, 2008). Bu ¢ozelti
ile tespit islemi icin 1 - 4 saatlik bir zaman diliminin
yeterli oldugu bildirilmistir (Kahyaoglu ve Gokgimen,
2017). Buna karsilik, yapilan baska bir galismada ise
Carnoy fiksatifi icin en ideal siire 6 saat olarak belir-
lenmigstir (Singhal ve ark., 2016). Bu bilgiler g6z éntin-
de bulundurularak, bu galismadaki tespit islemi farkl
yuzdelerdeki formaldehit ve Hollande ¢ozeltileri icin
16 saat, ve Carnoy ¢ozeltisi igin ise 4 saat slre zar-
finda yapildi. Tespit islemi sonrasinda, doku kesitleri
alinirken izlenen doku pargalanma durumu az miktar-
da da olsa %10°luk formaldehit ¢dzeltisi sirasinda
olustu. Diger tespit ¢ozeltilerinde dokularda herhangi
bir pargalanma durumunun gézlenmemesi daha 6nce
bu ¢ozeltiler icin bildirilen optimum sureleri dogrular
nitelikte bulundu.

Tespit ¢ozeltilerinin hiicre morfolojisi Uzerine etkileri
daha 6nce hem c¢ozeltiler hem de tespit islem streleri
karsilastirilmali olarak incelenmistir (Benerini Gatta
ve ark., 2012). Yapilan galigsmalarda temel prensip
tespit ¢ozeltilerinin rutinde kullanilan H&E boyama
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yéntemine gore farkli doku ve hiicrelerdeki sitoplaz-
ma ve c¢ekirdek boyanmalarini, hicrelerin blzisme
ve bozulma durumlarini degerlendirmek yoéninde
olmustur (Pereira ve ark., 2015, Singhal ve ark.,
2016). Rutin kullanimdaki %3.7"lik formaldehit ¢bzel-
tisinin, sitoplazma ve cekirdekte buizusme, hicreler
arasinda ayriimalar izlenmesi gibi dezavantajlari
bulunmaktadir (Dogan, 2005). Bunun nedenleri a-
rasinda formaldehitin stokta bekledikge pH'nin asidik
duruma gelmesi, ve hicre sitoplazma ve c¢ekirdek
morfolojinin degerlendiriimesinde artefaktal gériinim-
lere yol agabilmesi sayilabilmektedir (Crawford ve
Barer, 1951). Ayrica, aldehit grubu fiksatifler protein-
ler ile daha zayif olan metilen ve karbon baglari o-
lusturmaktadir, bu da yeterli diizeyde bir fiksasyon
saglamadigi icin parafin ile yapilan ileri takip
asamalarinda sitoplazma ve gekirdek boyanmasinda
artefaktlara  yol ~agmaktadir (Dogan, 2005).
Calismamizda yliksek konsantrasyonlu (%10) formal-
dehit ¢ozeltisinde benzer artefaktal bulgular izlendi.

Hicre morfolojisinin tanida 6énemlilik arz ettigi hema-
topatoloji ve sitopatoloji dallarinda formalin ile protein
prespitan 6zellikleri bir arada iceren karma fiksatifle-
rin kullanimi énerilmektedir. Bunlar arasinda bulunan
Hollande ¢ozeltisi tespit isleminde H&E kesitlerinde
cekirdek morfolojisinin daha ayrintili incelemesine
olanak tanir (Dogan, 2005). Benzer sekilde, gekirdek
morfolojisinin iyi incelenmesini gerektiren birgok tu-
mor slpheli olguda; c¢ekirdek bulyUkligu, cekirdek
sitoplazma orani ve ¢ekirdekgigin buyuklagul, rengi ve
sayisi gibi morfolojik detaylar tanida olduk¢a 6nemli-
dir (Grizzle, 2009). Hucre gekirdek morfolojisinin iyi
go6zlendigi baska bir diger fiksatif olarak Carnoy ¢6-
zeltisi bildirilmektedir (Bancroft ve Gamble, 2008).
Calismamizda, hiicre gekirdek morfolojisinin detaylari
daha aclik renkli boyanma ile en iyi sekilde Carnoy ve
Hollande g¢o6zeltilerinde gdzlenmesi literaturler bilgile-
riyle uyumlu bulundu. Formaldehit ¢ozeltisi galisma
boyunca taze olarak hazirlandigi igin, formaldehit
cozeltisi ile tespit isleminde izlenen daha yodun cekir-
dek boyanmasinin olasi pH degisikliginden degil,
daha 6nce de belirtildigi gibi, bu ¢6zeltinin tek basina
iyi bir protein presipitan 6zellikte olmamasindan kay-
naklandigi dusunilmektedir. Dokulara boya baglan-
ma prensiplerine goére presipite proteinlerde boya
molekullerinin baglanacagi yuzeyler azaldidi igin,
presipitan 0zelligi yiksek fiksatiflerle daha agik ton-
larda boyanma ile gerceklesmektedir.

Carnoy ¢ozeltisinin dezavantaji olarak bildirilen eritro-
lizis bulgusu (Baker ve Silvertone, 1976), calisma-
mizda da izlenmigtir. Calismamizda eritrositlerde
optimum tespitin % 3.7'lik formaldehit ¢ozeltisi ile
gercgeklestigi gozlendi.

Sonug olarak, ¢alismamizda rutin olarak kullanilan %
3.7'lik ¢ozeltisi ile birlikte %10°luk formaldehit, Car-
noy ve Hollande g¢ozeltilerinin dalak ve bébrek doku-
lar Uzerindeki tespit etkileri kargilastinimali olarak

Hazal OZTURK GURGEN

incelendi. Bu bulgular neticesinde, rutin histopatolojik
inceleme prosedirlerinde %3.7 lik formaldehit ¢ozelti-
sinin doku tespit isleminde daha etkili kullanilabilece-
gi belirlendi. Ancak Carnoy ve Hollande ¢ozeltilerinin
hicre cekirdeklerindeki histopatolojik degisikliklerin
detayli incelenmesini gerektiren durumlarda, 6zellikle
neoplastik hastaliklarda ve lenfoid sistem patolojisin-
de, etkili bir kullanim olusturulacagi 6n goéruldi. %
10’luk hazirlanan formaldehit ¢dzeltisinin ise dokular-
da kostik etkiye sebep oldugu ve fiksatif kullanima
uygun olmayacag! tespit edildi.

Tesekkiir

Calismamiza yapmis oldugu katkilarindan dolayi
Veteriner Hekim Merve Moral a tesekkur ederiz.
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Summary: In this study, it was aimed to investigate the saturated and unsaturated fatty acid compositions in herbage
and straw of safflower (Carthamus tinctorius L. Dinger; thornless) plant as alternative forage for ruminant. Major fatty
acids in safflower herbage and safflower straw were determined as linoleic, palmitic, oleic and stearic acids. The pro-
portions of myristic, pentadecanoic, cis-10-pentadecenoic, palmitic, palmitoleic, cis-10-pentadecenoic, a-linolenic, cis-
eicosatrienoic, erucic, cis-docosahexaenoic, tricosanoic and lignoceric acids in total fat acids of safflower herbage were
higher than those of safflower straw (P<0.01). The proportions of margaric, stearic, elaidic, oleic, linoleic, cis-11-
eicoenioic, arachidonic, cis-eicosapentaenoic and nervonic acids in total fatty acids of safflower herbage were lower
than those of safflower straw (P<0.001). The proportions of saturated fatty acid (SFA), medium-chain fatty acids
(MCFA), very-long-chain fatty acids (VLCFA) and w-3, and w-3/w-6 ratio for fatty acids of safflower herbage were high-
er than those of safflower straw (P<0.001). The proportions of unsaturated fatty acid (UFA), monounsaturated fatty acid
(MUFA), polyunsaturated fatty acid (PUFA), w-6, w-9 and long-chain fatty acids (LCFA) in total fatty acids of safflower
straw were higher than those of safflower herbage (P<0.001). Palmitic, stearic, oleic and linoleic acids contents as mg/
g in dry matter (DM) of safflower herbage were lower than those of safflower straw. As a result, safflower herbage and
safflower straw had a rich fatty acid content in mg/g DM. The proportions and amounts of essential fatty acids in saf-
flower straw, which have important biological activity, were higher than safflower herbage. In general, these feedstuffs
stand out as rich alternative forages in w-3 and w-6 fatty acids.

Key words: Safflower, forage, fatty acids, omega 3, omega 6

Ruminantlar igin Alternatif Kaba Yem Olarak Aspir Yesil Otu ve Aspir Samaninin Doymus ve Doymamis Yag
Asiti Kompozisyonunun Karsilastinnimasi

Ozet: Bu galismada, ruminantlar igin alternatif kaba yem olarak aspir (Carthamus tinctorius L. Dinger; dikensiz) bitkisi-
nin yesil ot ve samanindaki doymus ve doymamis yag asidi bilesenlerinin arastiriimasini amaclanmigstir. Aspir yesil otu
ve samanindaki en ylksek oranda bulunan yag asitleri linoleik, palmitik, oleik ve stearik asit olarak belirlendi. Aspir
yesil otunun toplam yag asitleri igindeki miristik, pentadekanoik, cis-10-pentadekanoik, palmitik, palmitoleik, cis-10-
pentadekanoik, a-linolenik, cis-eikosatrienoik, erusik, cis-dokosaheksaenoik, tricosanoik ve lignoserik asitlerin oranlari
aspir samanindakinden yuksekti (P<0.01). Aspir yesil otunun toplam yag asitleri icinde margarik, stearik, elaidik, oleik,
linoleik, cis-11-eikoenyonik, arasidonik, cis-eikosapentaenoik ve nervonik asitlerin oranlari aspir samanininkinden daha
disiktla (P<0.001). Aspir yesil otunun toplam asitlerinde doymus yag asidi (SFA), orta zincirli yag asitleri (MCFA), gok
uzun zincirli yag asitleri (VLCFA) ve w-3 oranlari ile w-3/w-6 orani aspir samanindan daha yuksekti (P<0.001). Aspir
samaninin toplam yag asitlerindeki doymamis yag asidi (UFA), tekli doymamis yag asidi (MUFA), goklu doymamis yagd
asidi (PUFA), w-6, w-9 ve uzun zincirli yag asitleri (LCFA) oranlari aspir yesil otununkinden daha yiksekti (P<0.001).
Aspir otunun kuru maddesinde (KM) mg/g olarak palmitik, stearik, oleik ve linoleik asit igerikleri, aspir samanindan da-
ha dusuktl. Sonug olarak, aspir yesil otu ve aspir samani (mg/g KM) zengin bir yag asidi i¢erigine sahipti. Aspir sama-
ninin énemli biyolojik aktiviteye sahip olan esansiyel yag asitlerin orani ve miktari aspir yesil otundan daha ylksekti.
Genel olarak, bu yemler w-3 ve w-6 yag asitleri bakimindan zengin alternatif kaba yemler olarak 6ne gikmaktadir.
Anahtar kelimeler: Aspir, kaba yem, omega 3, omega 6, yag asiti

Introduction can be grown in different climatic conditions and soll

types. It is an annual and is stake rooted; and there
Safflower, which belongs to Carthamus tinctorious L are thorny and thorn-less species and it is an oil-seed
species in the Asteraceae family, can be planted in plant which can include 70-80% linoleic acid or 80%
winter or summer, or as a crop rotation plant. This oleic acid in oils (Landau et al., 2004; Baumler et al.,
plant is one of the earliest crops used by humans and 2006; Gilbert, 2008). Safflower, which has attracted

attention as a food crop resistant to drought, is of
extreme importance today due to the effects of global
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warming (Altin et al.,, 2012). Previous researcher
identified that the safflower herbage included 8.0-
13.8% crude protein (CP), 39-42% neutral detergent
fibre (NDF), 4.75-6.67% lignin, 0.4-0.7% tannin, 0.2-
0.4% non-protein nitrogen in total nitrogen and 2040
kcal metabolic energy (ME) /kg DM for ruminant
(Asgharzadeh et al., 2013; Cagri and Kara 2018) and
safflower straw included about 4% CP 50% NDF,
6.6% lignin and 1628 kcal ME/kg DM for ruminant
(Cagri and Kara 2018). The previously mentioned
nutrient content of safflower herbage shows that it is
a mid-quality roughage. Despite its thorny leaves, it
can be consumed by sheep and goats. In previous
study, it has been shown that the preference of saf-
flower straw by sheep and dairy cattle was very close
to that of wheat straw (Landau et al., 2005). The saf-
flower herbage and safflower straw has been used as
forage in the diets of cows in Australia and sheep in
Italy (Landau et al., 2004 and 2005). Cagri and Kara
(2018) stated that safflower herbage and safflower
straw at 5%—20% ratio in a horse’s diet had a positive
effect on the in vitro gas production, metabolic ener-
gy, short chain fatty acid, and gas yield at 24 h. The
use of up to 20% safflower herbage and safflower
straw in ration had no negative effect on the digestion
parameters of ruminant and horse (Cagri and Kara,
2018). These researchers concluded that using saf-
flower herbage and safflower straw in ration up to
20% has the potential to be good forage sources in
the diets of horses and ruminants.

The planting area of safflower in Turkey has reached
to 200 000 decares/year from 1000 decares/year for
the last 10 years (TUIK, 2020). As a result of the in-
crease in safflower cultivation, the use of safflower by
-products, hay and other roughage elements, in the
feeding of animals has gained importance. While
constructing this study, we were curious whether the
fatty acid profile in the ingredients of this alternative
oilseed by-product is roughage. The aim of this study
was to determine the proportions (as % in total fatty
acids) and amounts (as mg/g DM) of 37 different fatty
acid of safflower herbage and safflower straw sam-
ples.

Material and Methods

The samples of safflower herbage and safflower
straw

The safflower (Carthamus tinctorius L. Dinger) sam-
ples used in the present study were collected from
the province of Kirsehir, Turkey. The Dinger type
safflower is without thorns. Kirsehir Province has arid
conditions and desert-like steppe vegetation due to
temperature and rainfall (Altin et al., 2012). The saf-
flower herbage samples were chopped 1 cm above
the soil, included the aerial parts (leaf, stem, pre-
flowering bud) at pre-flowering stage. The safflower
straw samples were taken from the mature plant resi-
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due after the plant was harvested for the grain. Ap-
proximately 500 g of samples of safflower herbage
and safflower straw were used for fatty acid analyses.

The determination of fatty acid compositions

The samples of safflower herbage and safflower
straw were dried at thermostatically controlled cabi-
net. The fat extractions of samples were carried out
according to soxhlet process (AOAC, 1995). For fatty
acid analyses, the fat samples of feedstuffs were
methylated with the three-stage modified (Kara,
2020) procedure of Wang et al. (2015). According to
this procedure, 40 pL of fat in falcon tubes with 15 mL
volumes were mixed with 0.7 ml of KOH (10 M) and
5.3 mL of methanol and was vortexed. The mixture
was incubated for 45 min at 55°C in an incubator
(Nive, Turkey) and cooled to 21°C. The mixture was
combined with 0.58 mL of H,SO4 (10 M) and was
vortexed. After this mixture was incubated for 45 min
at 55°C, was added 3 mL of n-hexane. The tubes
were centrifuged for 5 min at 4000 rpm. The superna-
tants (fatty acids in n-hexane) were taken in a 1.5 ml
screw neck ND-9 amber vial with 9 mm screw caps
(silicone white/PTFE caps) and analyzed in a gas
chromatograph (TRACE 1300, Thermo Scientific,
USA) with automatic sampling (Thermo Al 1310,
Thermo Scientific, USA). FAME mix (37C) standard
solution (CL.40.13093.0001) in dichloromethane
(Chem-Lab, Zedelgem, Belgium) was used for the
identification of peak. The device was studied FAME
column (Leigh 60 m, I.D: 0.25 mm, film: 0.25 pm and
maximum temperature 250-260°C) and injection split
temperature 255°C, colon 140 °C and flow rate 30 ml/
min processing method for 42 minutes. Fatty acid
identification was performed by comparing the peaks
in the chromatogram with the retention times at the
standard (Kramer et al., 1997). Saturated fatty acid
(SFA), unsaturated fatty acid (UFA), polyunsaturated
fatty acid (PUFA), monounsaturated fatty acid
(MUFA), medium-chain fatty acids (MCFA), long-
chain fatty acids (LCFA) and very-long-chain fatty
acids (VLCFA) were detected.

Statistical analysis

SPSS 17.0 software was used for statistical analysis
of the data obtained from the studies. The data were
analyzed with the t-test. Statistical significance was
taken below 0.05 (P<0.05).

Results

The fat content in safflower herbage and safflower
straw in the present study were 1.45 and 2.46% in
DM, respectively. The proportions of C8:0-C18:0
fatty acids in total fatty acids of safflower herbage
and safflower straw had a difference. The proportions
of capriylic, capric, undecanoic, lauric, tridecanoic,
myristoleic and linolelaidic acids in total fatty acids of
safflower herbage and safflower straw were same
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Table 1. The compositions of individual C8:0 — C18:0 fatty acids (as % in total fatty acids) in safflower herbage

and safflower straw

Fatty Acids Safflower Safflower SEM SD P value
herbage straw
Caprylic Acid C8:0 0.10 0.11 0.002  0.005 P>0.05
Capric Acid C10:0 0.15 0.13 0.004 0.010 P>0.05
Undecanoic Acid C11:0 0.06 0.06 0.001 0.001 P>0.05
Lauric Acid Cc12:0 0.30 0.22 0.017  0.043 P>0.05
Tridecanoic Acid C13:0 0.03 0.02 0.002 0.005 P>0.05
Myristic Acid C14:0 1.68 0.96 0.161 0.394  P<0.001
Myristoleic Acid C14:1 0.05 0.04 0.002  0.005 P>0.05
Pentadecanoic Acid C15:0 0.46 0.12 0.076  0.186  P<0.001
cis-10-Pentadecenoic Acid C15:1 0.02 0.00 0.006 0.015 P<0.001
Palmitic Acid C16:0 25.95 17.25 1.946 4768 P<0.001
Palmitoleic Acid C16:1 1.25 1.09 0.037  0.091 P<0.001
Margaric Acid C17:0 0.03 0.19 0.037  0.091 P<0.001
cis-10-Heptadecenoic Acid C17:1 0.39 0.20 0.044 0.107 P<0.001
Stearic Acid Cc18:0 5.60 6.93 0.297 0.728 P<0.001
Elaidic Acid C18:1n9t 0.05 0.08 0.008 0.020 P<0.001
Oleic Acid C18:1n9c 13.34 20.31 1560 3.820 P<0.001
Linolelaidic Acid C18:2n6t 0.28 0.00 0.062 0.153 P>0.05
Linoleic Acid C18:2n6¢c 28.11 48.72 4610 11.292 P<0.001
a-Linolenic Acid C18:3n3 16.59 0.17 3.673  8.997 P<0.001

SD: Standard Deviation of Means, SEM: Standard Error of Means

(P>0.05). The proportion (1.68%) of myristic acid in
total fatty acids of safflower herbage was higher than
that (0.96%) of safflower straw (P<0.001). The pro-
portions of pentadecanoic acid, cis-10-pentadecenoic
acid, palmitic acid, palmitoleic acid, cis-10-
pentadecenoic acid, o-linolenic acids in total fatty
acids of safflower herbage were higher than those of
safflower straw (P<0.001). The proportions of mar-
garic acid, stearic acid, elaidic acid, oleic acid and
linoleic acid in total fatty acids of safflower herbage
were lower than those of safflower straw (P<0.001)
(Table 1).

The proportions of C20:0 — C24:0 fatty acids (as % in

total fatty acids) in forages in present study has
change. The compositions of arachidic acid, cis-
11,14,17-eicosadienoic acid, heneicosanoic acid and
cis-13,16-docosadienoic acid in total fatty acids of
safflower herbage and safflower straw was not differ-
ent (P>0.05). The compositions of cis-11-eicoenioic
acid, arachidonic acid, cis-5,8,11,14,17-
eicosapentaenoic acid and nervonic acid of safflower
straw were higher than those of safflower herbage
(P<0.001). The proportions of cis-11,14,17-
eicosatrienoic acid, erucic acid, cis-4,7,10,13,16,19-
docosahexaenoic acid, tricosanoic acid and lig-
noceric acid in total fatty acids of safflower herbage
were higher than those of safflower straw (P<0.01)

Table 2. The compositions of individual C20:0 — C24:0 fatty acids (as % in total fatty acids) in safflower herbage

and safflower straw

Fatty Acids Safflower Safflower SEM SD P value
herbage straw
Arachidic Acid C20:0 0.02 0.00 0.004 0.010 P=>0.05
cis-11-Eicoenioic Acid C20:1 0.17 0.27 0.022 0.055 P<0.001
cis-11,14,17-Eicosadienoic Acid C20:2 0.02 0.07 0.021 0.053 P>0.05
cis-11,14,17-Eicosatrienoic Acid C20:3n3 0.94 0.13 0.179 0.440 P<0.001
Arachidonic Acid C20:4n6 0.23 0.26 0.008 0.020 P<0.001
cis-5,8,11,14,17-Eicosapentaenoic Acid C20:5n3 0.04 0.80 0.168 0.412 P<0.001
Heneicosanoic Acid C21:0 0.17 0.23 0.028 0.068 P>0.05
cis-13,16-Docosadienoic Acid C22:2 1.23 0.80 0.096 0.235 P>0.05
Erucic Acid C22:1n9 0.22 0.10 0.029 0.071 P<0.001
cis-4,7,10,13,16,19-Docosahexaenoic Acid C22:6n3 0.09 0.03 0.016 0.039 P<0.01
Tricosanoic Acid C23:0 0.83 0.08 0.167 0.410 P<0.001
Lignoceric Acid C24:0 1.43 0.29 0.265 0.650 P<0.01
Nervonic Acid C24:1 0.06 0.30 0.055 0.135 P<0.001

SD: Standard Deviation of Means, SEM: Standard Error of Means
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Table 3. Compositions of fatty acids (as % in total fatty acids) of safflower herbage and safflower straw

Safflower Safflower SD SEM P value

herbage straw
SFA 36.94 26.61 5.65 2.31 P<0.001
UFA 63.12 73.39 5.62 2.29 P<0.001
MUFA 15.57 22.40 3.74 1.52 P<0.001
PUFA 47.55 50.99 0.78 0.05 P<0.001
w-3 17.67 1.13 9.06 3.69 P<0.001
w-6 29.87 49.86 10.94 4.46 P<0.001
w-9 13.83 20.80 3.81 1.55 P<0.001
w-3/w-6 0.59 0.02 0.31 0.12 P<0.001
MCFA 0.66 0.52 0.07 0.03 P<0.001
LCFA 95.26 97.62 1.30 0.53 P<0.001
VLCFA 4.06 1.84 1.23 0.50 P<0.001

SD: Standard Deviation of Means, SEM: Standard Error of Means
LCFA: Long chain fatty acids, MCFA: Medium chain fatty acids, MUFA: Monounsaturated fatty acids, PUFA:
Polyunsaturated fatty acids, SFA: Saturated fatty acids, UFA: Unsaturated fatty acids, VLCFA: Very long chain

fatty acids
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Figure 1. Palmitic acid (mg/g DM) content in safflow-
er herbage and safflower straw

(Table 2).

The proportions of SFA, MCFA, VLCFA and w-3, and
w-3/w-6 ratio for fatty acids of safflower herbage were
higher than those of safflower straw (P<0.001). The
compositions of UFA, MUFA, PUFA, w-6, w-9 and
LCFA in total fatty acids of safflower straw were high-
er than those of safflower herbage (P<0.001) (Table
3).
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Figure 2. Stearic acid (mg/g DM) content in safflower
herbage and safflower straw

Palmitic acid contents as mg/g in DM of safflower
herbage and safflower straw were 3.76 and 4.42,
respectively. Stearic acid contents of safflower herb-
age and safflower straw were 0.81 and 1.77 mg/g
DM, respectively. Palmitic acid contents as mg/g in
DM of safflower herbage and safflower straw were
1.93 and 5.20, respectively. Oleic acid contents in
DM were 4.07 mg/g safflower herbage and 12.47 mg/
g safflower straw (Figures 1-4).
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Discussion and Conclusion

The concentration of average total fatty acid in differ-
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Figure 3. Oleic acid (mg/g DM) content in safflower
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Figure 4. Linoleic acid (mg/g DM) content in safflow-
er herbage and safflower straw

ent forages has been in the range of 2-5% in DM.
Forages have often been the major and also the
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cheapest and safest source of FAs in ruminant diets.
Forages are fibrous feedstuffs that should be present
in their rations for healthy rumen physiology and ideal
animal product quantity and quality in ruminant feed-
ing (Kalac and Samkova, 2010). The nutrient con-
tents of forages may differ depending on the species
of plant (leguminous, cereals or other families), char-
acteristics of the soil on which the plant grows,
growth period of plant, feed technology applied to the
plant (silage, drying, etc.) and storage time of forage/
fresh plant (Dewhurst et al., 2001; Mir et al., 2006;
Dierking et al., 2010; Ersahince and Kara 2017; Kara
et al., 2018). Especially unsaturated fatty acids are
biohydrogenized by bacteria with biological activation
in the rumen and their cis/trans configurations are
changing. In addition to their biological functions in
ruminant organism, these fatty acid metabolisms are
the basis of the characteristic fatty acid profile in ru-
minant meat and milk acetic acid, which is the end
product of fermentation, also has an important effect.
In this respect, forages, which has both different fatty
acids and high structural carbohydrate, also have an
effect on animal health and functionality of animal
products (Elgersma et al., 2006).

According to results of present study, individual fatty
acid composition of safflower herbage and safflower
straw, which consist of leaf, stem or bloom/flower,
changed by the plant growing stage. The major fatty
acids in safflower herbage were listed as follows:
linoleic acid, palmitic acid, a-linolenic acid, oleic acid
and stearic acid, respectively. These fatty acids of
safflower herbage were consisting of about 90% of
total fatty acids. The major fatty acids in safflower
straw were listed as follows: linoleic acid, oleic acid,
palmitic acid and stearic acid, respectively. These
fatty acids of safflower straw were consisting of about
93% of total fatty acids. The saturated fatty acid in
highest concentration of safflower herbage (about
26% in total fatty acids) and safflower straw (about
17% in total fatty acids) in the present study was pal-
mitic acid (C16:0). Researchers were determinate
that C16:0 proportions in total fatty acids of common
forages used in dairy cattle diet ranged from 15 to
30% for alfalfa (fresh, silage or hay), range from 16 to
20% perennial ryegrass, range from 14 to 20% for
red clover (fresh, silage or hay), about 16% for white
clover and about 16% for corn silage (Vanhatalo et
al., 2007; Van Ranst et al., 2009; Dierking et al.,
2010; Glasser et al., 2013). The stearic acid (C18:0)
proportions of safflower forages in the current study
ranged from 5.6 to 6.9. However, previous research-
ers demonstrated that C18:0 concentrations of leg-
ume forages and grasses used in dairy cattle ration
were about 2-5% in total fatty acids (Vanhatalo et al.,
2007; Van Ranst et al., 2009; Dierking et al., 2010;
Glasser et al., 2013). However, increasing the stearic
acid level with growth of safflower in this study is
compatible with the results of other reseachers for
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orchardgrass (Dactylis glomerata L.), perennial
ryegrass (Lolium perennne L.) and tall fescue
(Festuca arundinacea Schreb.) (Mir et al., 2006). The
palmitic acid contents of safflower forages as mg/g
DM in present study were similar to results stated by
Dierking et al. (2010) for tall fescue, tall fescue + al-
falfa and tall fescue + red clover. The stearic acid
contents of safflower forages as mg/g DM in the cur-
rent study were similar to results of other forages
(Dierking et al., 2010). In the present study, it has
been observed that the proportions of palmitic acid
and SFA in total fatty acids of safflower herbage,
which was harvested at the beginning of flowering,
decreased with plant growth. the palmitic acid
amount in mg/g DM of safflower herbage was lower
than that of safflower straw. In addition, proportion of
palmitic acid in total fatty acids of safflower herbage
was lower than that of safflower straw. These inter-
esting results can be related with increasing crude fat
content (1.45 vs. 2.46% in DM) in straw making stage
(or seed bulking stage) of safflower plant according to
herbage, which harvested at early flowering stage.

The oleic acid (C18:1n9c), which was the highest
MUFA in the present study, proportions in total fatty
acids of safflower herbage and straw were about 13
and 20%. The oleic acid and MUFA proportions in
total fatty acid of safflower straw were higher than
those of safflower herbage can be in relation with the
lower part of flower and the upper part of flower in
achene of safflower plant in seed bulking stage. In
accordance with the results of the study, Mir et al.
(2006) stated that oleic acid proportions in total fatty
acids of orchard grass, perennial ryegrass and tall
fescue increased with plant growing stage. The oleic
acid contents as mg/g DM of safflower forages in the
present study were higher than the results specified
by Khan et al. (2015) for some forages (Trifolium
alexandrinum, Cichorium intybus, Medicago sativa
and Avena sativa) at different stages.

The PUFA, MUFA, LCFA, w-3 and w-6 proportions in
fatty acids of safflower straw were higher than those
of safflower herbage may be related with the lower
part of flower and the upper part of flower in achene
of safflower plant in seed bulking stage. However, w-
3 and a-linolenic acid (C18:3 n3) proportions in total
fatty acids of safflower herbage were higher than
those of safflower straw can be relation to the results
of Mir et al. (2006), which designated C18:3 concen-
trations of some pasture plants decreased with plant
maturating. Vanhatalo et al. (2007) and Boufaied et
al. (2003) identified that C18:3 n3 and PUFA concen-
trations in green herbage harvested at early stage
were higher than those of it harvested late. The con-
centrations of >C22:0 fatty acids of safflower herbage
were higher than those of safflower straw may be
related with plant amount and phenological stage of
plant. As the plant vegetation period progresses, the
cell wall structural carbohydrate substances increase,

253

Erciyes Univ Vet Fak Derg 2020; 17(3): 248-254

and there is a decrease in the easily soluble carbohy-
drate, fat and protein levels in the endosperm (Kara
et al., 2018). In the present study, it is seen that there
is a significant change in the essential fatty acid com-
ponents depending on the plant development period
(safflower herbage and safflower straw). The differ-
ences in fatty acid profile of safflower forages accord-
ing to the plant development period may be an im-
portant factor in plant type (Mir et al., 2006; Vanhata-
lo et al., 2007; Boufaied et al., 2003).

The high MUFA, w-9 and LCFA concentrations in
safflower herbage and straw in the present study
indicate a rich forage in terms of MUFA (oleic acid)
and w-9 fatty acids, which have a positive effect on
fertility and embryo implantation in uterus of ruminant
(Aardema et al., 2011). Aardema et al. (2011) investi-
gated the effect of three fatty acids (saturated palmit-
ic and stearic acid and unsaturated oleic acid) on lipid
storage and development of oocytes in vitro and
showed that palmitic and stearic acids had inhibitory
effects on oocyte development, but oleic acid elimi-
nated this adverse effect and showed positive effect.
The low levels (mg/g DM) of palmitic and stearic ac-
ids in safflower herbage can reveal its advantage for
dairy cattle fertility compared to safflower straw.

Although the crude protein and metabolic energy
values of safflower straw were lower than those of
safflower herbage, it has been reported that in vitro
digestibility in beef cattle and horse diet of safflower
straw was similar to those of safflower herbage by
Cagri and Kara (2018). As a result of study, it is un-
derstood that the safflower herbage and safflower
straw has a rich fatty acid content. The essential fatty
acids, which have important biological activity, in the
safflower straw, are high for unit dry matter con-
sumed (as mg/g in DM) shows the advantage of oth-
er straws. At the same time, the richness of safflower
straw in terms of w-9 fatty acids (% as in total fatty
acids) indicates that it can be utilizable as forage for
diet of infertility dairy cattle. In general, these forages
stand out as rich alternative fibrous sources in w-3
and w-6 fatty acids.
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Ozet: Bu galismanin amaci, iklim degisikliklerinin hayvancilik sektériine ve hayvanciligin da iklim degisiklikleri (izerine
etkilerinin arastirilmasidir. Calismanin materyalini Tlrkiye'de 2018 yili itibariyle sigir, manda, koyun, kegi ve kanatlilar-
dan (broiler, yumurta tavugu ve hindi) elde edilen hayvansal Gretim miktarlarina ait (kirmizi et, sit, kanath eti ve yumur-
ta) resmi veriler olusturmustur. Calismada ¢esitli hayvansal Gretim faaliyetleri sonucunda atmosfere salinan sera gazi
miktarlari karbondioksit esdegeri (CO,.) seklinde hesaplanmistir. Arastirma bulgularina gére, Tirkiye’de hayvancilik
kaynakli 47,8 milyon ton CO, sera gazi saliniminin oldugu belirlenmistir. Bu deg@er, Tirkiye'deki toplam sera gazi sali-
niminin %9'unu olusturmaktadir. Sonug olarak; hayvanciligin yeryuziinde degisen iklimlerden en fazla etkilenecek
sektorlerin basinda geldigi, Turkiye gibi kirsal ekonomik yapisi agir basan bir ilkede de hayvanciligin ve bu igle ugra-
san Uretici kesimin olumsuz etkilenecegi asikardir. Bir taraftan bu olumsuzlugun giderilmeye ¢alisiimasi, diger taraftan
hayvancilik kaynakli sera gazi saliniminin azaltiimasi yonunde politika tedbirlerinin gelistiriimesi gerekmektedir.
Anahtar kelimeler: Hayvancilik, iklim degisikligi, metan gazi, sera etkisi

Does Climate Effecting the Livestock or Livestock Effecting the Climate?

Summary: The aim of this study was to investigate the effects of climate changes on livestock sector and livestock on
climate changes. The material of study was official data of animal production quantities (red meat, milk, poultry meat
and eggs) obtained from cattle, buffalo, sheep, goats and poultry (broilers, laying hens and turkeys) for the year 2018.
In the study, the amount of greenhouse gas emitted into the atmosphere as a result of various animal production activi-
ties has been calculated as carbon dioxide equivalent (CO,). According to the results, 47.8 million tons CO, of animal
origin greenhouse gas emissions was determined in Turkey. This value constitutes 9% of the total greenhouse gas
emissions in Turkey. In conclusion, livestock is one of the sectors that will be most affected by the changing climates
on earth, it is obvious that livestock and the producers who are engaged in this field will be adversely affected in a
country like Turkey which is rural structure outweighs. On one hand, it is necessary to eliminate this negativity and on
the other hand, develop policy measures to reduce greenhouse gas emissions sourced livestock.

Key words: Livestock, climate change, metan gas, greenhouse effect

Girig

Dunya’da hava sicakliklarinin, firtina, sel, kuraklik,
collesme gibi afetlerin artisi, basta karbondioksit
(CO;) olmak Uzere sera gazlari salinim oranlarinin
yukselmesi ve buzullarin erimesi gibi olaylar artik
herkesin kabullenecegi netlikte kiiresel iklim degisikli-
§i sorununu ortaya gikarmistir. Ozellikle 18. ve 19.
yuzyildan sonra sanayi devrimi ile artis egilimine gi-
ren bu sorunla uluslararasi boyutta micadele igin
Ulkeler ilk olarak 1997 yilinda Japonya-Kyoto’da goé-
rismus ve hazirlanan Kyoto Protokolli 2005 yilinda
resmen yurirlige girmistir. Bu protokoli imzalayan
yaklasik 160 Ulke, iklim ve gevre sorununa neden
olan alti sera gazinin (karbon dioksit-CO,, metan-
CHya, nitroz oksit-N,O, kikirt heksafloriir-SFg, hidrof-
lorokarbon-HFC ve perflorokarbonlar-PFC) salinimini
azaltmay! kabul etmiglerdir. Protokole gére tUlkeler,
atmosfere saldiklari karbon miktarini %5.2 oraninda
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azaltarak 1990 yilindaki duzeylere diigtirmeyi kabul
etmiglerdir (Ozmen, 2009). Ancak aradan gecen 30
yilla ragmen bunun tamamen saglandigini sdylemek
muimkin degildir.

iklim degisikleri; kuraklik, ¢dllesme, yagislarin hizi ve
siddetindeki dengesizlik ve sapmalar, su baskinlari,
tayfun, firtina, hortum, kasirga vb. meteorolojik olay-
lardaki artislarla kendini gésterir. Iklim degisikligi son
yillarda daha ¢ok karsimiza; atmosfere salinan gazla-
rin sera etkisi yaratmasi sonucunda, Dinya yizeyin-
de (kara, deniz ve havada) ortalama sicakligin artma-
siI olarak tanimlanan Kiresel Isinma seklinde gikmak-
tadir (Bozoglu ve ark., 2003; Kdknaroglu ve Akiinal,
2010).

Normal sartlarda glnes isinlar, cesitli gazlardan
(azot, oksijen, karbondioksit gibi) olusan atmosferi
gecip yerylzini i1sitmaktadir. Bu gazlar sayesinde
atmosfer, tarimda kullanilan cam seralar gibi isiyi
tutup (en gok IsI tutan gaz CO,’dir) 1s1§1 gegirmekte-
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dir. iste atmosferin bu 6zelligine (1sitma-yalitma) Sera
Etkisi denilmektedir (Ozmen, 2009).

Yerylzinde sera gazlarinin miktar ve yogunlugunu
artirarak kiresel 1Isinmaya neden olan baslica faktor-
ler; artan enerji-yakit tiiketimi (%49), tiketim aligkan-
liklarinin deg@ismesi ve endustrilesme (%24), orman-
larin azalmasi (%14) ve kirsal Uretim (%13) seklinde
siralanabilir (Ozmen, 2009). Artan sera gazlarinin
sebep oldugdu iklim degisikligi; turizm, saglik, ingaat,
dig ticaret, lojistik, sigortacilik gibi sektorleri etkiledigi
gibi, tlkelerin milli gelirlerinde énemli paya sahip olan
tarim-ormancilik ile hayvancilik sektorlerini de etkile-
yerek ekonomilerine olumsuz yansimalari olmaktadir
(Bayrag ve Dogan, 2016).

Mevcut calismada Turkiye 6érnedi Uzerinden iklim
degisikliklerinin hayvancilik sektériine ve hayvancili-
gin da iklim degisiklikleri Gzerine etkilerinin arastiril-
masi amaglanmigtir.

Gereg ve Yontem

Calismanin materyalini Tirkiye’de sigir, manda, ko-
yun, kegi ve kanathlardan (broiler, yumurta tavugu ve
hindi) elde edilen hayvansal uretime ait (kirmizi et,
sut, kanatl eti ve yumurta) resmi veriler olusturmus-
tur (TUIK, 2019). Hayvancilik kaynakl en énemli sera
gazlari, enterik fermantasyon ve depolanan giibre
(digki) nedeniyle olusan metan gazi (CH,) ile yine
glbre kaynakli nitroz oksit gazidir (N,O). Calismada
cesitli hayvansal Uretim faaliyetleri sonucunda atmos-
fere salinan metan ve nitroz oksit gibi sera gazi mik-
tarlarinin belirlendigi literatur degerleri dikkate alinmis
(Model, 2017) ve karbondioksit esdegeri (CO2) sek-
linde hesaplanarak verilmistir. Sera gazi salinim mik-
tarlari, genel kabul géren sekliyle “Karbon Ayak izi”
olarak hesaplanmakta, ortak bir deger olmasi ve kar-
silastirmalari kolaylastirmak bakimindan karbondiok-
sit esdegerine (COy) donustirilmektedir. Dolayisiyla
COge degeri, kiiresel 1Isinmanin boyutunu ortaya koy-
mada temel alinan baslica standart birim olarak kabul
edilmektedir (Kilig ve Amet, 2017; Wiedmann ve
Minx, 2008).

Bulgular
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yumurta seklinde kategorize edilerek salinan toplam
sera gazi miktarlari COy cinsinden Tablo 1’de veril-
mistir.

Mevcut calismada Tirkiye’de hayvansal Uretim ra-
kamlarina gore, toplam 47.870.234 ton CO, sera
gazi saliniminin oldugu hesaplanmistir. Bunun da %
43.9'u sut, %30.8’i kirmizi et, %16.3’'0 kanatli eti ve
geri kalan %9'u yumurta uretiminden kaynaklanmak-
tadir. Sektdr olarak disunulduglinde sera gazi salini-
minda ruminantlarin payinin daha fazla (3/4 oranin-
da), kanatlilarin ise daha az oldugu (1/4 oraninda)
gOrulmektedir (Tablo 1).

Tartisma ve Sonug

Sera gazi salinimi ile yerylziinde iklimler dedismekte
ve sira digi hava olaylarinin sayisi ile sikligi da art-
maktadir. Hayvansal Uretim, sera gazi salinimini arti-
ran bir faktér olmakta ve artan sera gazlari da yeryu-
zinde iklim degisikligine yol agmaktadir. Degisen
iklimler (bolgesel/yerel asirni sicaklik, ani yagislar) ise
direk (hastaliklar, verim dusukligi ve 6lim gibi) veya
dolayl (yem Uretiminin azalmasi gibi) yollardan hay-
vansal Uretimi olumsuz ydnde etkilemektedir. Yani
iklim degisikligi ve hayvancilik arasinda cift yonli bir
etkilesimden s6z etmek mimkundur. Hayvancilik
sektorli, hayvan kaynakli sera gazlari nedeniyle iklim
degisikligini etkileyen ve bu degisen iklimden de
olumsuz anlamda etkilenen bir yapi sergilemektedir
(Dellal, 2008; Gorgdlu ve ark., 2009).

Turkiye’de hayvancilik sektért, gerek kirsal ekonomik
yapinin agir basmasi gerekse gelisen hayvanciliga
dayali sanayinin olmasi nedeniyle kiresel iklim degi-
sikliginden en fazla etkilenen sektérlerin basinda gel-
mektedir. Tarim sektdri 6zellikle bitkisel Gretim anla-
minda direk iklimden etkilenen bir yapiya sahipken,
hayvancilik ise yem bitkileri tretimi boyutuyla tarim
ile intersektérel etkilesim igerisinde oldugundan do-
layli olarak etkilenmis olmaktadir. Hayvancilikta sek-
térel anlamda bu endirekt etkinin disinda, sicaklikla-
rin konfor (sigirlarda 13-18°C ve %60-70 nem, kanat-
lilarda 25-30°C, %60-70 nem) ortamin (izerine gikma-
slyla hayvanlarda stres, verim dusuklugu, hastalik ve
mortalitenin artmasi, fertilitenin ve refahin azalmasi

Tablo 1. Tirkiye’de hayvansal uretim yoluyla olusan sera gazi miktarlari

Hayvansal Uretim miktari, 1 kg uretim igin salinan sera Toplam salinim miktari,
Uriinler ton gazi miktari, CO, ton CO,. ton
Siit 22120716 0.95 21014680
Kirmizi et 1118695 13.2 14766774
Kanath eti 2226205 3.5 7791718
Yumurta* 1227732 3.5 4297062
TOPLAM 47870234

*16 adet yumurta 1 kg alind1.

Yapilan calismada Tirkiye’de gergeklestirilien hay-
vansal Uretim faaliyeti sit, kirmizi et, kanath eti ve
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etkileyen direk sonuglar dogurmaktadir.

Dinyada artan niifus nedeniyle hayvansal uriin tale-
binin de artacak olmasi, gelecekte daha yasanabilir
Dunya icin hayvancilikta birim basina verimliliginin
artmasini ve sera gazi salinim oraninin azalmasini
zorunlu kilmaktadir. Bu ¢evre standardini yakalaya-
bilmek i¢in halihazirda tek bir prosedir olmamakla
birlikte, hayvanlarin bakim-beslemesinden gubrenin
depolanmasina kadar kullanilan yodntemleri gézden
gecirerek sera gazi salinim oranlarini azaltan Gretime
yénelmek ve belirlenen etkin stratejileri uygulamak
gerekmektedir.

Turkiye gibi gelismekte olan (ilke ekonomilerinin
6nemli oranda tarim ve hayvancilik gibi kirsal Gretime
dayanmasi, iklim degisikliginin etkilerinin daha fazla
hissedilmesine neden olmaktadir. Hayvancilikta her
ne kadar mekanizasyon, verimlilik ve saglhk gibi ko-
nularda belirli iyilesmeler saglansa da, iklimin diizen-
sizligi ve oturmamis piyasa yapisi sirdurulebilir Greti-
me engel olmakta, karlihdi disirmekte ve kirsal gog-
lere yol agmaktadir. Bunun sonucunda da artan ure-
tim maliyetleri nedeniyle hayvancilikta arzin gtivence
altina alinmasi giderek zorlagsmakta ve Uriin fiyatlari
yukselmekte, buna karsilik artan talebi kargilamak
icin sik sik canli hayvan ve et ithalati gindeme gel-
mektedir.

Ulkemizin, iklim degisikliginden en fazla etkilenmesi
beklenen Akdeniz Havzas’'nda bulunmasi ve kirsal
ekonomik yapida aldigi pay itibariyle, iklim degisikligi-
nin hayvancilik sektort agisindan ayri bir 6nemi var-
dir (Basoglu ve Telatar, 2013). iklim degisikliginin
ekonomik, ekolojik ve sosyolojik etkilerinin kaginilmaz
oldugu ve gelecekte gevre sorunlarinin giderek daha
fazla 6n plana c¢ikacagi bildiriimektedir (Demir ve
Cevger, 2007).

Hikiimetler Arasi iklim Degisikligi Paneli (iPCC) pro-
jeksiyonlarina gore, iklim degisikliginin Tirkiye'de
beklenen en 6nemli etkileri; yagislarin mevsimsel
dagihminda ve siddetinde degisiklik, ani seller, yaz
yagislarinda azalma ve kuraklik artisi seklinde 6zetle-
nebilir. Bu etkilerin Akdeniz Bélgesi ve gevresinde
daha siddetli hissedilebilecedi vurgulanmaktadir
(Gzmen, 2009). Bu nedenlerle Tirkiye'de de ¢ogdu
Ulkelerde alinan tedbirlere benzer olarak sera gazi
salinimini  azaltma yoéninde hedefler belirlenerek
uygulamaya konulmasi gerekmektedir. Yapilan ince-
lemelerde dogaya en fazla olumsuz etkinin enerjiden
kaynaklanmasi, yapilacak iglerin basinda bireysel
veya insanlik olarak enerji tasarrufunun geldigini orta-
ya cikarmaktadir (Bayra¢ ve Dogan, 2016). Aksi hal-
de kuresel i1sinmaya karsi yol haritasinin belirlenme-
mesi ve alinacak tedbirlerin 6telenmesi bir kazang
yerine uzun vadede tim (lkelere ve insanliga daha
fazla finansal yik getirecektir.

Tarkiye’de Gorguli ve ark. (2009) tarafindan 2001 yil
icin yapilan hesaplamada ruminant kaynakh (sigir,
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koyun ve kegi) metan emisyon miktari 1.024.252 ton
olarak bildirilmistir. Bu deger COy, olarak 28.7 milyon
tona tekabul etmektedir. Mevcut arastirmada 2018
yili verilerine gére ruminant kaynakli et ve sit Gretimi-
ne bagh CO, sera gazi salinimi 35.6 milyon ton ola-
rak hesaplanmistir. Her iki arastirma arasinda gecen
17 yilhk surede Turkiye’nin ruminant kaynakli sera
gazi salinimi %24 oraninda artmis olup (yilhk %1.4),
yillik ruminant kaynakl ortalama 405 bin ton COge
sera gazi artisinin oldudu ortaya ¢ikmistir. Resmi
rakamlara gore, Turkiye’'de toplam sera gazi salinimi
526.3 milyon ton COy olup, kisi basina disen miktari
6.6 ton civarindadir. Toplam sera gazi saliniminin %
11.9’unun (62.6 milyon ton) tarim-hayvancilik kay-
nakl oldugu bildirilmigtir (TUIK, 2018). Mevcut calis-
mada yapilan hesaplamalara gore (47.8 milyon ton
COg) bunun da yaklasik %75’inin (3/4’4) hayvansal
Uretimden geri kalan %25’inin (1/4’U) bitkisel Gretim-
den kaynaklandigini séylemek mimkuindur. Yaklasik
10 yil 6ncesinde Turkiye’de toplam sera gazi salini-
minin %7’sinden sorumlu olan tarim-hayvanciligin
payinin giderek arttigini sdylemek yanhs olmayacak-
tir (Ozkan, 2013).

Basta insan olmak Uzere, canllar iklimi iklim de basta
insan olmak uzere tim canlilar etkilemektedir. Kire-
sel iklim degisikliginin yeryliziinde etkileri artan sekil-
de goérulmeye baslanmistir. Bunlar, son yillarda yag-
mur miktarinin artmasi ve kisa sireli saganaklara
doénismesi, siddetli firtina ve sellerin olusmasi, buzul-
larin erimesi ve su seviyesinin yukselmesi ile orman
yanginlarinin artmasi seklinde kendini gostermekte-
dir. Bu degisimin orta ve uzun vadede hayvancilik
sektériine de Uretim ve verimliligi azaltacak sekilde
yansiyacagl, hatta belirli bélgelerde eradike edilen
hastaliklarin tekrar gorilebilecegi, enfeksiyon etken-
lerinin daha hizli yayilma gdsterebilecegdi tahmin edil-
mektedir. Ilaveten, degisen sicakliklar hayvanlarin
Ureme ddnemleri ve go¢ mevsimlerinin de kaymasina
yol acacaktir. Bu durumun hayvanlarin hastaliklara
karsi direncinde ve yasama gliclinde azalmalara yol
acacag 6n gorulmektedir. Bitkisel Uretimin de olum-
suz etkilenmesiyle birlikte cayir-meralarda, yem bitki-
si ekim alanlarinda ve Uretiminde azalma, gelecekte
hayvancilik sektériiniin daha fazla yem sorunu yasa-
masina yol acacaktir. Degisen iklim ile birlikte artan
sira digl hava olaylari (asir sicak ve soguklar, yagis-
lar, sel, kasirga vb.) hayvanlarin bakim, besleme ve
yetistirme sartlarini da etkilemektedir. Barinak yapi-
mindan tiketilen yem miktarina, délveriminden canli
agirhk kazancina kadar birgcok degisiklikler gozlen-
mektedir. Ornegin ilk akla gelen asiri sicak/soguklar,
barinak yapiminda izolasyonu 6n plana ¢ikarmakta
bu da sabit masraflari artirmaktadir. Optimum sartlar-
dan uzaklastikga hayvanlarin yemden yararlanma
oranlarinda disme, besi slresinde uzama, fertilite
oranlarinda azalma, ilk buzagilama yas! ve buzagila-
ma araliginda uzama, gebelik basina tohumlama
sayisinda artis, salgin hastaliklarda artis, erken emb-
riyonik élimler ve buzagi mortalite oraninda artis gibi
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uretim ve verimliligi dogrudan etkileyen ve isletme
karliligini azaltan sonuglar dogurmaktadir (Demir ve
Cevger, 2007; Lacetera ve ark., 2003; Koluman,
2009; Nardone ve ark., 2010; Petrovica ve ark.,
2015).

Diger taraftan iklim degisikligine bagh olarak; deniz
seviyesinin yukselmesi, artan yagislar, toprak tuzlulu-
du, zirai don ve kuraklik neticesinde cayir-mera ve
yem bitkisi ekim alanlarinin ve verimlerinin azalmasi,
hayvansal Uretimde maliyetlerin artmasina yol aca-
caktir. Bu iklim kosullar ve Uretim yapisinin devam
etmesiyle meydana gelecek yukarida sayilan muhte-
mel olumsuzluklar aslinda gida uretimini ve dolayisiy-
la da insanlari etkileyecektir. Entansif tretim sekli
insanlarda sagliksiz ve dengesiz beslenme problem-
lerine dnculuk ederken, saglik harcamalarini da arti-
rabilecektir. Bu nedenle, dogal ve organik Urtnlere
olan talebin tlketicilerin bltcelerine gére artis goste-
recegi dugtntlmektedir.

insanoglunun yeryiiziinde gergeklestirdigi tim faali-
yetlerin olumsuz yansimalari yine bagta insan olmak
Uzere diger canlilar, dogayi ve iklimi etkilemekte,
bunun sonucunda da toprak, su ve havanin icerigi ve
kalitesi de giderek bozulmaktadir.

Nufus artigl, turizm ve sehirlesmenin artmasi ile gelir
diizeyindeki iyilesmeler hayvansal Uriinlere olan tale-
bi artirmaktadir. Artan talebe bagl olarak giderek
entansiflesen hayvancilik sektéri sera gazi salini-
minda da 6nemli bir rol oynamaktadir (Gerber ve
ark., 2013; Model, 2017; Grossi ve ark., 2019).

Hayvancilik kaynakli sera gazi Uretiminde asil sorun
metan gazi Uzerinde yodunlasmaktadir. Enterik yolla
fazla metan gazi salinimi da, rumende besin madde-
lerinin fermantasyonunun etkin olmamasindan ve
sindirim sistemi mikrobiyal florasinin besin madde
gereksiniminin yeterli/dengeli sekilde karsilanamama-
sindan kaynaklanmaktadir. O halde bu sorunun hay-
vancilik kaynakh kisminin ¢6ziml asamasinda iki
onemli segenek karsimiza c¢ikmaktadir. Bunlardan
birisi enterik fermantasyon yoluyla salinan metan
gazi miktarinin azaltilmasi ve digeri de bunu yapami-
yorsak, hayvansal urln tiketiminin azaltiimasidir ki,
Ulkemizde zaten hayvansal Urtn tiketimi konusunda
eksikliklerin oldugu duslndldiginde birinci secene-
gin Uzerinde yogunlagsmanin ve ¢6zUml orada ara-
manin kalici olmasi acisindan daha dogru olacagi
distndlmektedir.

Sonug olarak; yeryGzinin dengesinin bozulmasi,
insan eliyle oldugundan yine bunun geri dénlsi de
nihayetinde insanlara olmaktadir. Yerylziine zarar
veren tim girigsimlerin azaltiimasi Ulkelerin ve her bir
insanin gorevidir. Baskasindan beklemek yerine ken-
dimizden baslamak Uizere alinmasi gereken énlemler
konusunda bilinglenerek ve bilinglendirerek bu sirece
katki verilmesi, gelecek nesillere daha yasanabilir
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Dinya birakilmasi agisindan zorunlu gérilmektedir.
Hayvanciligin yerylizinde degisen iklimlerden en
fazla etkilenecek sektorlerin basinda geldigi, Tirkiye
gibi kirsal ekonomik yapisi agir basan bir tlkede de
hayvanciligin ve bu isle ugragan uretici kesimin olum-
suz etkilenecegi asikardir. Bir taraftan bu olumsuzlu-
gun giderilmeye calisilmasi, diger taraftan hayvanci-
lik kaynakl sera gazi saliniminin azaltiimasi yéninde
politika tedbirlerinin gelistiriimesi gerekmektedir.
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Summary: This study aims to investigate the effects of betaine, added to broiler rations at different levels, on fattening
performance, carcass, some internal organs weights, and serum parameters. 192 mixed-sex one-day-old broiler chicks
were used during the experiment. The experiment was conducted with four groups in total, including one control and
three experimental groups. All the groups were divided into four sub-groups, each consisting of 12 chicks, and the total
number of chicks in each group was determined to be 48. No additives were added to the feeds of the control group
throughout the research. 0.3 g/kg (Bet-0.3), 0.5 g/kg (Bet-0.5) and 0.8 g/kg (Bet-0.8) betaine (Betamar®) were added
to the rations of the experimental groups, respectively. Rations were prepared as isocaloric and isonitrogenic. The
animals were given feed and water ad-libitum. In the study, The rations containing crude protein (CP) of 23% and3000
kcal’kg metabolic energy (ME)until the day 1-21 and CP of 20% and3224 kcal/kg ME until the day 22-42 days were
given in the treatment groups. At the end of the study, statistically significant differences were observed in the experi-
mental groups in terms of body weight (BW) and body weight gain (BWG) when compared with the control group. The
highest BW and the highest BWG were observed in the Bet-0.8 experimental group. No statistically significant differ-
ence was found in terms of feed consumption, feed conversion ratio, carcass characteristics, weights of some internal
organs, and serum blood parameters (P>0.05). It was concluded that adding 0.8 g/kg betaine to broiler rations increase
fattening performance and can be used safely.

Key words: Betaine, blood parameters, broiler, carcass, fattening performance

Broylerlerde Betain ilavesinin Performans, Karkas Verimi ve Bazi Kan Parametreleri Uzerine Etkisi

Ozet: Bu arastirma broyler rasyonlarina farkli diizeylerde ilave edilen betainin besi performansi, karkas, baz i¢ organ
agiriklari ve serum parametreleri Gizerine etkilerini arastirmak amaci ile yapilmistir. Deneme boyunca 1 ginlik 192
adet karisik cinsiyette broyler civciv kullaniimistir. Deneme 1 kontrol ve 3 deneme grubu olmak Uzere toplam 4 grupta
yuratulmustir. Tam gruplar 12 civcivden olugan 4 alt gruba bélinmus, her grubun toplam civciv sayisi 48 olarak belir-
lenmistir. Arastirmada boyunca kontrol grubu yemlerine bir katki ilave edilmemistir. Deneme gruplari rasyonlarina sira-
siyla 0.3 g/kg (Bet-0.3), 0.5 g/kg (Bet-0.5) ve 0.8 (Bet-0.8) g/kg betain (Betamar®) ilave edilmistir. Deneme rasyonlari
izokalorik ve izonitrojenik olarak hazirlanmistir. Hayvanlara yem ve su ad-libitum verilmigtir. Aragtirmada deneme grup-
larina 1-21. gline kadar %23 ham protein (HP): 3000 kcal/kg metabolik enerji (ME), 21- 42.gune kadar ise %20HP ve
3224 kcal/kg ME igeren rasyonlar verilmistir.Arastirma sonunda, kontrol grubuna gére, deneme gruplarinda canh agirlk
(CA) ve canli agirlik artigi (CAA) bakimindan istatistiksel farklilik gortimustir (P<0.05). En yiksek canli agirlik ve canli
agirlik artisinin rasyonlarina 0.8 g/kg betain ilavesi yapilan grupta oldugu belirlenmistir. Deneme sonu itibari ile yem
tuketimi, yemden yararlanma orani, karkas 6zellikleri, bazi ic organ agirliklari ve serum kan parametreleri bakimindan
istatistiksel olarak farkllik bulunmamistir (P>0.05).Sonug olarak; broyler karma yemlerine 0.8 g/kg betain ilavesinin
besi performansini olumlu etkileyebildigi ve glivenle kullanilabilecedi sonucuna variimigtir.

Anahtar kelimeler: Besi performansi, betain, broyler, kan parametreleri, karkas

Introduction Betaine is a derivative of a commonly found, long-

chain glycine amino acid, and it has three methyl
After the ban on antibiotics that were used for many groups. It was firstly discovered in sugar beet, and
years in increasing growth performance in the Euro- then, found to exist in other plants, animals, and sea-
pean Union from January 1, 2006, several feed addi- food. Many purified forms of betaine (anhydrite
tives that can be considered an alternative have been monophosphate and hydrochloric betaine) are used
used, greatly supporting the developments in the today (Eklund et al., 2005). Betaine, a source of me-
poultry industry (Eklund et al., 2005; Ozsoy et al., thyl, is both taken with feeds and forms as a result of
2017). oxidation of choline. As poultry rations are usually
Gelig Tarihi/Submission Date : 16.06.2020 formglatg d t9 be (.;o.m ar.]d soybean r.eSidues-base.d'
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these rations and it becomes necessary to receive it
from outside (Eklund et al., 2005). Betaine taken ex-
tracellularly or synthesized from choline enables the
osmolyte balance of a cell. Also, it enables it to con-
vert into methionine or cysteine by transsulfuration by
giving methyl group to homocysteine formed by me-
thionine metabolism (DasSarma et al., 2006; Howe et
al., 2008). Another function of betaine is to serve as
the donor of methyl groups that are required during
the conversion of homocysteine into methionine
(Lever and Slow, 2010). Betaine, choline, and methi-
onine are the 3-methyl group providers in the rations
of livestock animals. Methionine is primarily used in
protein synthesis, while the rest is used for methyl
group reactions. After choline is used in the synthesis
of acetylcholine, the rest of it can be transformed into
the betaine molecule (Niculescu and Zeisel, 2002).

Betaine increased the total body weight and carcass
weight by enhancing mineral absorption and retention
and enhancing the water retention capacity of the
muscle tissue (Esteve-Garcia and Mack, 2000). It
was reported that betaine affected carcass quality by
reducing the inhibitory effect of pH on enzyme activi-
ties (Eklund et al., 2005) and had positive impacts on

Erciyes Univ Vet Fak Derg 2020; 17(3): 260-267

performance in poultry if used together with methio-
nine (Esteve-Garcia and Mack, 2000; Schutte et al.,
1997). It was also reported that the performance val-
ues in broilers increased linearly with adding methio-
nine and betaine (El-Husseiny et al., 2007), on the
contrary, McDevitt et al. (2000) reported that the in-
terchangeable use of betaine and methionine in poul-
try animals would not impact the performance and
they could not be used in that way.

This study aimed to evaluate the effects of feed-
additive betaine, added to broiler rations at different
amounts, on fattening performance, carcass charac-
teristics, internal organ weights and blood parameters
and contribute to the literature.

Materials and Method

This study was conducted based on the approval of
the Local Ethics Committee for Animal Experiments
of Kafkas University dated October 25, 2018, and
numbered KAU-HADYEK/2018/089. The research
was conducted at the poultry unit of Research Farm
of the Faculty of Veterinary, Kafkas University. 192
daily Ross-308 broiler chicks were used as the ani-

Table 1. Composition and chemical analysis of experimental diets

Ingredients (%)

Starter Diet (d 1 to 21)

Finisher Diet (d 22 to 42)

Corn grain 50.58 52.75
Soybean meal 30.40 16.75
Wheat grain 6.00 5.00
Bonkalite 5.50 5.50
CDDGS - 4.10
Corn protein 2.01 4.20
Rice bran - 4.62
Vegetable oil 1.02 3.00
Di calcium phosphate 1.00 0.60
Meat-Bone meal 2.30 2.30
L-lysine 0.40 0.40
DL-methionine 0.30 0.30
Sodium Bi-carbonate 0.09 0.09
Salt 0.15 0.14
Vitamin-Mineral mix* 0.25 0.25
Multi-Enzyme 0.09 -
Chemical Analyses (%)

Dry matter 88.15 88.24
Crude protein 23.00 19.99
Crude fiber 2.96 2.72
Crude fat 4.48 4.49
Crude ash 6.13 4.90
Metabolic Energy**(kcal/kg) 3000.10 3224.90
Calcium** 0.98 0.79
Phosphorus** 0.50 0.58

*KAVIMIX VM 214: Vit A: 12000000 1U; Vit D3: 1500000 IU; Vit E: 30000 mg; Vit K3: 5000 mg; Vit B1: 3000 mg;
Vit B2: 6000 mg; Vit B12: 30 mg; Folic Acid: 750 mg; Cal. D.Panth: 10000 mg; D Biotin: 75 mg; Cholin Chloride:
375000 mg; Nicotinamid: 40000 mg; Mn: 80.000 mg; F: 40000 mg; Zn: 60000 mg; Cu: 5000 mg; Sn: 100 mg; I

400 mg; S: 150 mg; Antioxidant: 10000 mg (per 2.5 kg);
**Calculated nutritional values.
CDDGS: Corn dried distiller’s grainssolubles.
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mal material. The chicks were divided into four main
groups including one control and three experimental
groups, and each main group was divided into four
sub-groups, each of which consisted of 12 chicks.
The experiment lasted for 42 days as 7 days of adap-
tation and 35 days of feeding period. Each group was
fed with broiler chick feed (23% CP, 3000 kcal/kg
ME) during 0-21% days chick and broiler feed (20%
CP, 3224 kcallkg ME) during 22-42™ days. The nutri-
ents and chemical composition of rations are shown
in Table 1. The animals were subjected to group
feeding. Feed and drinking water were ad-libitum.
While no additive was added to the feed of the C
group, 0.3 g/kg (Bet-0.3), 0.5 g/kg (Bet-0.5) and 0.8
g/kg (Bet-0.8) betaine were added to the feeds of the
experimental groups, respectively. Betaine
(Betamar®) used in the study was obtained from the
VIMAR A.S./Istanbul Corporation. The product con-
tained a minimum 98% Betaine HCL in its chemical
composition according to the certified analysis results
reported by the producer company (Table 2).

Electric radiant heaters were used to heat the poultry
house throughout the study. The temperature of the

Table 2.The composition of betaine used in the research

Tarkan SAHIN

and their BWG were calculated. In order to calculate
feed consumption (FC), the amounts of feed that
animals in each subgroup could consume were put
into the feeders and their amounts were recorded.
The amount of feed remaining in the feeders in the
weekly weights was subtracted from the total feed
given to each subgroup and the amount of feed con-
sumed by each subgroup in the previous week was
found. This amount was divided by the current num-
ber of animals in the subgroups and groups and by
the number of days, and FC’s were calculated as
weekly FC per animal in the groups and subgroups.
Feed conversion ratios (FCR) of the groups were
calculated by dividing the average amount of feed
they consumed between two weighing by the aver-
age increase in body weights.

The animals were weighed individually and slaugh-
tered at the end of the study. The chickens were be-
headed and the slaughter was performed in this way.
After the slaughter, the feathers of the animals were
plucked with a plucking machine; the feet and the
internal organs were removed. After the slaughter
process, carcass weights were determined. Carcass

Ingredients Standard Result
Appearance White crystalline powder
Dry Weight (%) <0.5 0.37
Hydrochloric acid (%) >%95-98 95.53
Heavy metals (Pb) (%) <0.001 <0.001
Arsenic (As) (%) <0.002 <0.002
Silica % 3 3
pH (25%WIV L/gr, water) 0.8-1.2 1.0

poultry house was kept at 35 °C (x 1) in the first
week. Then, it was reduced to 25 °C gradually. The
temperature was reduced to 20 °C in the last two
weeks of the study and kept at 20 °C until the end of
the study. Wood shavings were used as the base
material. 24-hours illumination was provided by also
utilizing sunlight.The experimental area was divided
into equal partitions (1.40 x 1.09 m?) for each sub-
group. Wood shavings with a depth of 6 to 8 cm were
used as the base material. Chick feeders and drink-
ers were placed into the partitions during the period
of the first 14 days. Then, chick feeders were re-
moved and hanging chicken feeders were placed in
the following periods and these feeders and drinkers
were used until the end of the experiment. The ani-
mals that died throughout the experiment were rec-
orded daily.The amounts of crude nutrients of the
rations used in the beginning and end periods of the
research were determined according to the methods
reported bythe AOAC (1990).

The animals were weighed individually at the start of
the experiment and in the following weeks. A preci-
sion balance (10 mg) was used in all weighing. The
differences between the weights were determined

weights were divided by pre-slaughter weights and
carcass yields were calculated. The slaughter pro-
cess was carried out removing the internal organs of
the chickens and weighing the internal organs of
each animal using precision balances (+ 10 mg). The
liver, heart, gizzard, and spleen weights were calcu-
lated and recorded.

Statistical analyses

BW, BWG, FC, FCR, performance characteristics,
carcass parameters, internal organs, and blood val-
ues were analyzed by one-way ANOVA (SPSS 18
portable). Differences between the subgroups were
analyzed by Duncan’s test.

Results

The weekly body weights and the body weight gain in
the study are given in Tables 3. At the end of the
experiment, statistically significant differences were
found between the BW and average BWG values of
the control and the experimental groups in which 0.3
g/kg (Bet-0.3), 0.5 g/kg (Bet-0.5) and 0.8 g/kg (Bet-
0.8) betaine was added to the feed (P<0.05).
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The mean daily (FC) values of the research groups
weekly and the FCR are given in Tables 4. The differ-
ences observed in the FC and FCR during the 7-14™

Table 3. The effect of betaine supplementation on BW and BWG of broiler chicks

Erciyes Univ Vet Fak Derg 2020; 17(3): 260-267

sera of the betaine added mixed feeds are shown in
Table 6. The total protein, albumin, globulin, glucose,
and uric acid levels in the blood serum were not af-

BW (g/chick)

Groups 7 days 14 days 21 days 28 days 35 days 42 days
Control 175.79+0.60 424.50+3.79 828.39:10.28 1311.80£12.95 2068.91%65.27 2591.22+20.44°
Bet-0.3 179.06 +1.02 436.87+6.09 844.87+549 1286.58+23.89 2136.59+73.00 2678.68+53.90%
Bet-0.5 177.18+1.59 42576+7.46 825.94+13.05 1280.54+24.65 2003.31+2.90  2551.204+53.55"
Bet-0.8 176.66x0.65 430.35+3.68 860.03+19.45 1363.84+32.75 2085.58+32.87 2817.39+88.18%
P 0.079 0.410 0.265 0.121 0.468 0.035
BWG (g/day/chick)
Groups 7-14. days 14-21. days 21-28. days 28-35. days 35-42. days 0-42. days
Control 35.52+0.60 57.70+1.14 69.05+2.12 108.1749.03 226.82+5.10 69.010.57°
Bet-0.3  36.83:0.75  58.28+0.25 63.1 £3.91 121.4348.27 214.44+20.65 71.4121.56%
Bet-0.5 35.51+0.94  57.16%1.13 64.9413.44 103.254£3.33 201.70+4.67 67.82+1.55°
Bet-0.8  36.53+0.47 61.43+3.29 71.9243.06 109.9548.30 201.04+17.24 75.50+2.25°
P 0.465 0.395 0.253 0.415 0.126 0.036
BW, body weight; BWG, body weight gain.
Results are expressed as mean * standard error of the mean (SEM).
Differences among groups were not statistically significant (P >0.05)
Groups that were statistically different were indicated by a letter (* P<0.05)
days of the research were eliminated at the end of fected by the betaine addition (P>0.05).
the experiment and were not found statistically signifi-
cant.
The carcass parameters and liver, heart, spleen, and
gizzard weights are given in Table 5. Accordingly, no
Table 4. The effect of betaine supplementation on FC and FCR of broiler chicks
FC (9)
Groups 7 days 14 days 21 days 28 days 35 days 42 days
Control 76.50+1.32%  123.29+14.77 164.16+4.20 1182.06+9.88 226.82+5.10 154.57+5.13
Bet-0.3 71.57+2.86™ 107.05£7.45  168.37+0.18 197.75+5.66 214.44+20.65 151.83+4.55
Bet-0.5 68.56+3.96° 114.12+6.87  163.01£5.17 196.34+3.71 201.70+4.67 148.74+3.78
Bet-0.8 79.61+1.86% 118.38£10.09 161.34+4.23  194.24+12.14  201.04+17.24 150.92+8.34
P 0.02 0.723 0.641 .0566 0.530 0.910
FCR
Groups 7-14. days 14-21. days 21-28. days 28-35. days 35-42. days 0-42. days
Control 2.15+0.04° 2.12+0.23 2.38+0.12 1.72+0.20 3.22+0.53 2.15+0.04°
Bet-0.3 1.94+0.07° 1.83+0.13 2.70+0.18 1.64+0.09 2.87+0.50 1.94+0.07°
Bet-0.5 1.92+0.06° 1.99+0.08 2.52+0.06 1.90+0.66 2.63+0.24 1.92+0.06°
Bet-0.8 2.18+0.04° 1.93+£0.13 2.26+0.15 1.77+0.87 2.0840.20 2.18+0.04°
P 0.013 0.626 0.196 0.531 0.285 0.013

FC, feed consumption,FCR, feed conversion ratio.
Results are expressed as mean + standard error of the mean (SEM).
Groups that were statistically different were indicated by a letter (* P<0.05)

significant difference was found between the experi-
mental groups in terms of slaughter, carcass weight,

hot carcass vyields,
(P>0.05).

and

internal

organ weights

Statistical evaluations on the total protein, albumin,
globulin, glucose, and uric acid levels in the blood
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Table 5. The effect of betaine supplementation on carcass parameters of broiler chicks

Tarkan SAHIN

CarcassParameters
Groups SW (g) WC (g) DP (%) Liver (g) Heart (g) Spleen (g) Gizzard (g)
Control  3016.00£65.24 2285.18+39.70 75.82+0.55 49.50+2.32 14.36+0.97 2.22+0.97 38.40+2.95
Bet-0.3  3058.37+26.95 2356.18+24.24 77.04+0.40 52.20+1.89 13.95+0.57 1.95+0.57 36.61+2.21
Bet-0.5 2899.62+59.25 2235.12+40.17 77.1240.61 57.09+2.99 14.43+0.94 1.88+0.17 37.08%1.64
Bet-0.8  3009.21+28.29 2337.06+43.35 76.41+0.25 55.22+2.89 15.82+0.43 1.88+0.18 38.60+1.57
P - - - - - - -
0.149 0.123 0.257 0.191 0.474 0.550 0.895

SW: Slaughter weight; WC: Warm carcass; DP: Dressing percentage; Results are expressed as mean * stand-

ard error of the mean (SEM).

Differences among the groups were not statistically significant (P >0.05).

Table 6. The effect of betaine supplementation on blood parameters of broiler chicks

Blood Parameters (mg/dl)

Total Protein Albumin Globulin Glucose Uric Acid

Control 3.00£0.04 0.9610.22 2.06+.0.31 220.10+8.96 6.78+0.56

Bet-0.3 2.94+0.09 0.95+0.04 1.97+0.63 228.20+3.97 6.09+0.47

Bet-0.5 3.01+0.10 1.03+£0.20 2.11£0.33 227.70+6.19 6.65+0.32

Bet-0.8 2.92+0.12 1.02+0.03 2.00£0.52 222.00+14.24 7.82+0.37
P 0.874 0.116 0.158 0.898 0.065

Results are expressed as mean * standard error of the mean (SEM).
Differences among the groups were not statistically significant (P >0.05).

Discussion and Conclusion

At the end of the study, statistically significant differ-
ences were found between the growth performances
of the control and experimental groups. The highest
increase in body weight was observed in the Bet-0.8
experimental group, in which 0.8 g/kg betaine was
added to the rations. The results of this study are
consistent with those of the study on the effects of
adding only betaine or together with methionine to
the broiler rations on performance parameters
(Hassan et al., 2005; Honarbakhsh et al., 2007; Zhan
et al., 2006). Hosgdr (2005) reported that a 500-mg/
kg betaine addition to the drinking water of broilers
had no effect on BW on the 12" day; however, it pro-
vided an increase in BW on the 47" day. Besides, the
findings on the increase in body weights obtained in
the study are similar to the findings of several other
studies (Attia et al., 2005; El-Husseiny et al., 2007;
Virtanen 1995). Sakomura et al. (2013) reported that
the betaine addition improves the characteristic and
structural functions of the intestinal epithelial cells
and in this way, nutrients can be more easily digest-
ed. Chand et al. (2017) reported that betaine addition
to the rations of broilers significantly affected body
weight gain, the highest body weight was observed in
the group in which 2 g/kg betaine was added to the
rations, and the more the dose of betaine the more
the body weights increase compared with the control
group. The researchers stated that the increase in

body weight was because of the fact that betaine
increased the digestibility of specific nutrients as stat-
ed by Eklund et al. (2006).

On the other hand, this research is not consistent
with the studies in which betaine was used together
with ionophore anticoccidials (Matthews et al., 1997;
Waldenstedt et al., 1999) and the studies reporting
that betaine addition did not have any effect on BW
and BWG (Esteve-Garcia and Mack, 2000; Pirompud
et al., 2005; Uzunoglu and Yalgin, 2019).

Although betaine increases energy availability, it
needs energy for its excretion as it contains nitrogen.
Fernandez-Figares et al. (2002) stated that there was
a positive linear correlation between the levels and
impacts of betaine. Xu et al. (1999) emphasized that
the addition of betaine over 0.08% to the rations re-
duced its effectiveness. The addition of pure betaine
to the betaine-rich mixed feeds had a positive effect
on growth performance (Cromwell et al., 1999). The
reason for the difference in the effects of betaine was
attributed to many factors (Esteve-Garcia and Mack,
2000; Matthews et al., 1997). Regarding the results
of the present study and some other studies, the dif-
ference between them is thought to originate from the
composition of betaine, its usage, its applications at
different doses, and using different breeds of animals
in the studies.
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In this study in which betaine was added to the ra-
tions at different amounts, a statistically significant
difference was observed between the FC and FCR
values in only between 7-14" days. However, this
difference disappeared during the following weeks of
the experiment and no statistically significant differ-
ence was found. Our study is consistent with the re-
sults of the reported researchers (El-Husseiny et al.,
2007; Esteve-Garcia and Mack, 2000; Jahanian and
Rahmani, 2008; Pirompud et al., 2005; Uzunoglu and
Yalgin, 2019) and El-Husseiny et al. (2007) results
showing that betaine addition (0.5, 0.75, and 1 mg/
kg) to the rations that contained methionine at differ-
ent rates did not affect feed consumption in broil-
ers.However, these experimental results differ from
those of the studies reporting increased feed con-
sumption, when compared with the control group
(Awad et al., 2014; Sakomura et al., 2013). Similarly,
they do not comply with the reports stating that beta-
ine increases FC and FCR (Attia et al., 2005; Chand
et al., 2017; Hassan et al., 2005; Honarbakhsh et al.,
2007).

In consequence of the findings obtained at the end of
the experiment, no statistically significant difference
was found between the groups in terms of carcass
parameters, and heart, liver, spleen, and gizzard
weights in the control and experimental groups. The
present study is similar to those by(EI-Shinnawy
2015; Honarbakhsh et al., 2007; Uzunoglu and
Yalgin, 2019) reporting that betaine addition did not
affect carcass yield and heart, liver, spleen, and giz-
zard weights.

However, it was reported that betaine addition to
broiler rations at a lower level (1 g/kg) did not affect
the carcass yield when compared with the control
group, yield ratio increased significantly with the in-
crease in the dose (1.5 and 2.0 g/kg), this increase
was caused by the osmatic effect of betaine, which
increased dropsy (Chand et al., 2017). In especially
some studies, betaine was reported to have a posi-
tive impact on the breast meat yield (Attia et al,
2005; Esteve-Garcia and Mack, 2000; Noll et al.,
2002; Remus 2001). In the same way, betaine addi-
tion was reported to increase carcass yield and mus-
cle tissue protein ratio in poultry (EI-Shinnawy 2015;
Hassan et al., 2005; Jahanian and Rahmani, 2008;
Wang et al., 2004). Betaine takes effect by reducing
carcass fat content and enhancing carcass lean meat
percentage. The positive effects of betaine addition
on carcass yield are thought to depend on the methyl
donor function in protein metabolism.

In the experiment, serum, total protein, albumin, glob-
ulin, glucose, and uric acid levels of the groups were
not affected by the betaine addition. The results of
the experiment are similar to those of the studies
reporting that betaine addition to rations does not
affect blood serum parameters in broilers (Attia et al.,
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2005; Baghaei et al., 2011). In some studies conduct-
ed with betaine addition, it was reported that serum
triglyceride level was lower than the other groups
(Uzunoglu and Yalgin, 2019), betaine significantly
reduced plasma triglyceride levels, did not affect
plasma cholesterol and LDL levels, and increased
HDL levels (Jahanian and Rahmani, 2008). This de-
crease in triglycerides was reported to be because of
the use of betaine in the synthesis of carnitine and
lecithin molecules (Saunderson and Mackinlay,
1990). Also, Hassan et al. (2005) contradict the state-
ment that betaine addition at different levels in broil-
ers increased serum total protein and albumin levels
when compared with the control groups. The re-
searchers reported that this result proved that betaine
is a methyl donor in protein metabolism. Zhan et al.
(2006) reported that betaine significantly reduced
serum uric acid concentration in broilers. El-Husseiny
et al. (2007) stated that the increase in doses of beta-
ine addition to the mixed feeds of broilers increased
serum total protein and globulin levels, and plasma
components except for total protein were not affected
in the second ftrial.

It was concluded that betaine addition to the mixed
feeds took positive effects on performance and could
be used at an amount of 0.8 g/kg.
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Summary: This study was conducted to determine the attitudes and behaviors of 2-5" grade students who have taken
the physiology course at Kirikkale University Faculty of Veterinary Medicine, towards the course and how they evaluate
it in terms of general, teaching method, professional competence and postgraduate education. Some demographic
information and opinions of totally 233 students on physiology were gathered voluntarily through questionnaire. Accord-
ingly, most of the students (62.7%) found it appropriate to be given physiology in 2" grade, while about 53% of them
found the theory and practice lecture hours sufficient. Students who considered physiology as necessary for their pro-
fession (83.7%) thought that following the lesson (81.1%) in the class and the use of were necessary for learning physi-
ology (90.1%), and it was determined that they allocated fewer than 4 hours per week to physiology while taking the
course (89.3%). Although more than half of them (58.4%) stated that they did not have difficulty in learning physiology,
the rate of those who really understand the subject was 39.9%. In addition, it was observed that 24% of them could
consider specializing in physiology. As a result, it was revealed that most of the students consider the physiology
course as one of the basic courses for veterinary education, they prefer visual education, the course meets their expec-
tations, and most of them who want to pursue a doctorate pay attention to postgraduate education in this field. Based
on these thoughts of the students, it has been concluded that understanding the importance of the homeostatic mecha-
nisms, given in physiology classes, in preventive and curative medicine practices has been effective.

Key words: Education, student attitude, survey, teaching method, veterinary physiology

Kirikkale Universitesi Veteriner Fakiiltesi Ogrencilerinin Fizyoloji Egitimi Hakkindaki Diigiincelerinin
Belirlenmesi

Ozet: Bu galisma, Kirikkale Universitesi Veteriner Fakiiltesi’nde fizyoloji dersini almis olan 2-5. sinif grencilerinin fizy-
oloji dersine karg! tutum ve davranislarini ve dersi genel, 6gretim yontemi, mesleki yeterlilik ve lisansustu egitim agisin-
dan nasil degerlendirdiklerini belirlemek amaciyla yapildi. Calismaya katilan toplam 233 6grenciye goénillilik esasina
gore doldurtulan anket formunda bazi demografik bilgiler ve fizyoloji dersi ile ilgili gérigsler alindi. Buna gore, dégrencil-
erin gogu (%62.7) fizyoloji dersinin 2. sinifta verilmesini uygun gorirken, yaklasik %53’0 teorik ve uygulama ders saat-
lerini yeterli buldu. Fizyoloji dersini meslekleri agisindan gerekli géren égdrencilerin (%83.7), dersi derste takip etmenin
(%81.1) ve anlatimda gorselligin kullaniminin fizyoloji 6grenimi agisindan gerekli oldugunu (%90.1) dusundukleri, dersi
aldiklari siiregte ise fizyolojiye haftada 4 saatten az zaman ayirdiklari (%89.3) belirlendi. Ogrencilerin yarisindan fazlasi
(%58.4) fizyoloji 6greniminde zorlanmadiklarini belirtseler de dersten konuyu anlayarak ¢ikanlarinin oraninin %39.9
oldugu goézlendi. Ayrica, 6grencilerin %24’Unun fizyoloji alaninda uzmanlagmayi dusunebilecekleri goruldiu. Sonug¢
olarak, 6grencilerin cogunun fizyoloji dersini veteriner hekimlik egitimi icin temel derslerden biri olarak gordukleri ve
gorsel egitimi tercih ettikleri, dersin beklentilerini karsiladigi ve doktora yapmak isteyen dgrencilerin gogunun bu alanda
lisansiistl egitimi tercih edecek kadar énemsedikleri ortaya konuldu. Ogrencilerin bu diisiinceleri iizerinde, koruyucu ve
tedavi edici hekimlik uygulamalarinda fizyoloji dersinde 6grendikleri homeostatik mekanizmalarin 6nemli oldugunu
anlamalarinin etkili oldugu dusundlmektedir.

Anahtar kelimeler: Anket, egitim, 6grenci tutumu, 6gretim ydntemi, veteriner fizyoloji

Introduction

Physiology is one of the basic courses in all health
science departments such as faculty of veterinary
medicine. The veterinary physiology course aims to
explain and teach how the physiological processes
(interaction of cells, organs or systems and all home-
ostatic mechanisms) occur in the bodies of healthy
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domestic animals (Diwakar et al., 2007). It takes part
in the compulsory courses of the 5-year comprehen-
sive educational processes in faculties of veterinary
medicine in Turkey. It makes students ready for forth
coming courses that are related to their education.
Physiology has also wide and complex topics which
are related to each other. For example, to understand
the mechanism of renin-angiotensin-aldosterone, it is
required to have enough knowledge about few hor-
mones (renin, aldosterone, vasopressin), organs

268



Veterinary students’ views on physiology...

(lung, liver, kidney, pituitary gland), and systems
(renal, cardiovascular, endocrine) (McFee et al,
2018).

Students take the physiology courses (I and Il) in the
3" and 4™ semester in Kirikkale University Faculty of
Veterinary Medicine as a 3h theoretic and 2h practi-
cal courses per week. Practical lessons are as es-
sential as theoretic ones. Although the animation,
simulation and internet-based application programs
used in practical lessons depending on the techno-
logical developments provide a number of conven-
iences; it has been stated that the knowledge learned
via practices carried out with live materials, is re-
tained longer by students (Pal et al., 2014; Cevik-
Demirkan et al., 2016). Student-centered education
programs are very important to train successful and
qualified veterinarians. In this context, feedbacks
received from students at certain times contribute to
revision and development of the education and train-
ing process (Boud, 1998; Gozil et al., 2006).

In previous studies, some researchers (Otag and
Otag, 2013; Kunt, 2014; Ekerbicer et al., 2016) sug-
gested that student feedbacks show how physiology
education can be improved. However, there are no
studies evaluating the education of physiology course
in veterinary faculties. Thus, we aimed to determine
the opinions and attitudes of the veterinary students
to the physiology course, and competence / necessity
of the course in terms of their profession in our uni-
versity.

Material and Methods

Survey researches reflect or explain the past and
current state of a situation (Karasar, 2019). This sur-
vey study carried out with the permission (2019/
E4042) of Kirikkale University Faculty of Veterinary

Erciyes Univ Vet Fak Derg 2020; 17(3): 268-274

Medicine and the approval of the Non-Interventional
Research Ethics Committee (Date: 07.08.2019; Deci-
sion No: 2019.07.06) in the end of the 2018-2019
academic year.

Totally 233 students from the sophomore to senior,
who completed Physiology | and Physiology Il cours-
es, joined to the research voluntarily. Survey ques-
tions were prepared by utilizing the previous studies
(Otag and Otag, 2013; Cetkin et al., 2016). According
to that, students’ demographic information was
picked on table 1. Answers of table 2 evaluated the
opinions of them on physiology course; table 3 evalu-
ated the attitudes of them; table 4 evaluated the com-
petence/necessity of the course in terms of profes-
sion and table 5 evaluated their thoughts for post-
graduate education process for physiology course
and teaching methods, were prepared according to 3-
point Likert scale as "No", "Not Sure" or "Yes". The
Cronbach alpha values of each subunits of the ques-
tionnaire were between 0.59-0.81.

Data obtained from students’ responses were ex-
pressed as frequency (n) and percentage (%), while
the mean scores of each group, which were generat-
ed from answers rated as "No" 1, “Not Sure” 2, "Yes"
3, were compared with demographic data by using
student-t test or one-way ANOVA test with SPSS
18.0 package program.

Results

The numbers of male and female students participat-
ing in the study were 120 and 113 respectively, and
their ages were between 19 and 24 (88.90%) mostly.
Almost all of them preferred the veterinary faculty
willingly (94.42%) and studied physiology less than 4
hours a week (89.27%). While the 2" grade students
(n=92) were the most participated, 4" grade students

Table 1. Descriptive statistics of the students participating in the research

Variable n %
Gender Male 120 51.5
Female 113 48.5
19-21 133 57.1
Age 22-24 74 31.8
25< 26 11.2
Type of faculty preference Uvr:/\:\lllllllr:ggly 21230 954 64
2nd grade 92 39.5
3rd grade 84 36.1
Grade 4th grade 27 116
5th grade 30 12.9
<59 54 23.2
Grade point average 60-79 141 60.5
80 < 38 16.3
Status of course repetition 21 :Iimzs 16658 ;5;

<

Weekly study time to physiology Zi :gﬂz 22058 ?g;
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Table 2. Students' opinions about physiology course and teaching method

No Not Sure Yes Mean Score
n % n % n % X * SEM
2.1. Was it appropriate to give the physiology 50 215 37 159 146 627 241 <+ 0.05
course in the 2nd grade?
2.2. Was the theoretical lesson time (3 hours) 55 236 53 227 125 536 230 =+ 0.05
sufficient for the lesson learning?
2.3. Was the practical lesson time (2 hours) 57 245 52 223 124 532 229  0.05
sufficient for laboratory applications?
2.4. Were the consumables, materials, tools, 35 150 36 155 162 69.5 255 + 0.05
equipment etc. allocated for the practice
lessons sufficient?
2.5. Were the number of students in the practice 47 202 43 185 143 614 241 + 0.05
lessons sufficient?
2.6. Were the practical lessons explain and 40 172 39 16.7 154 66.1 249 + 0.05
supplemented the theoretical lessons?
2.7. Was the visuality important for teaching/ 15 6.4 8 3.4 210 901 284 <+ 0.03
learning of the physiology course?
2.8. Did you think that the teaching method affects 31 13.3 33 142 169 725 259 + 0.05
your success in the physiology course?
2.9. Could you easily ask a question to the 28 12.0 28 120 177 76.0 2.64 <+ 0.05
Instructor during the lesson?
2.1 Could you easily reach the instructor outside of 27 11.6 26 112 180 773 266 + 0.04
0 the class?

(n=27) were the least participated to the research.
Grade point average (GPA) of students for the Physi-
ology | and Il students was in 60-79 range, and the
participants who took the course one time were in
majority (72.10%) (Table 1).

According to Table 2, more than half of the students
(53%) considered that the durations of both theoreti-
cal and practical lessons were sufficient, and the
physiology course should be given in the second
grade (62.66%). It was observed that most of them
(90.13%) thought that the visuality is important for
educational process of physiology course, and the
teaching method affects their success in physiology
(72.53%). Also, they noted that more than 75% of
students declared that they could reach or ask a
question to the teacher inside or outside of the class.

As shown in Table 3, while most of the students
(81.1%) thought that the class participationis a ne-
cessity to follow the lesson, fewer of them (47.2%)
would attend the course even if attendance were not
compulsory. Also, it was determined although most of
students (58.4%) noted that they have no difficulties
learning physiology, fewer participants (39.9%) de-
clared that they came out of the lesson by under-
standing of the subject.

More than half of the students thought that theory
and practice educations satisfied their expectations.
On the other hand, less of them (35.6%) considered
that their knowledge of physiology is sufficient. Be-
sides, the proportion of participants who consider
physiology is necessary in terms of their profession
was higher (83.7%) (Table 4).

Table 3. Attitudes and behaviors of students to the physiology learning-teaching process

No Not Sure Yes Mean Score
n % n_ % n % X * SEM
3.1. Did you attend the physiology course regularly? 31 133 33 142 169 725 259 =+ 0.05
3.2. Was it necessary to follow the lessonintheclass 23 99 21 90 189 811 271 % 0.04
in terms of physiology learning?
3.3. Would you attend the class even if you did not 64 275 59 253 110 472 220 + 0.06
have to compulsory?
3.4. Did you use the textbook or the internet to study 51 219 40 172 142 609 239 + 0.05
physiology?
3.5. Did you come out of the physiology lesson with 52 223 88 378 93 399 218 =+ 0.05
an understanding of the subject?
3.6. Did you find the physiology course interesting 49 21.0 67 28.8 117 50.2 229 + 0.05
and enjoyed working?
3.7. Did you have difficulty learning the physiology? 136 584 40 172 57 245 166 =+ 0.06
3.8. Did you think the physiology is based on 79 339 58 249 96 412 207 =+ 0.06

memorization?
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Table 4. Evaluation on the adequacy of physiology learning-teaching process of the students

No Not Sure Yes Mean Score
n % n % n % X + SEM
4.1. Do you think the physiology course neces- 25 10.7 13 5.6 195 83.7 273 + 0.04
sary for your profession?
4.2. Do you think your physiology knowledge is 67 28.8 83 356 83 356 207 <+ 0.05
sufficient?
4.3. Did theoretical physiology education satisfy 35 15.0 71 30.5 127 545 239 1 0.05
your expectations?
4.4. Did practice physiology education satisfy 50 215 52 223 131 562 235 = 0.05
your expectations?
4.5. Was there a conflict between what you 1563 65.7 42 180 38 163 151 <+ 0.05
learned in the physiology course and your
previous knowledge?
According to the distribution rates of the answers in responses about sufficiency of their physiology

Table 5, it was seen that the students neither want to
specialize in physiology (51.1%), nor they have
enough knowledge about postgraduate education of
physiology (60.1%).

Table 5. Views of students on postgraduate education

knowledge of students in the 5™ grade and who took
the course more than once were significantly lower
than the students in the 2™ grade and who took the
course 1 time (P<0.05).

Not Sure Yes Mean Score
n g N g Ny X * sem
5.1. Do you plan to continue postgraduate 99 425 74 318 60 258 183 <+ 0.05
education in any department after gradua-
tion?
5.2. Would you like to specialize in physiology 119 51.1 58 249 56 240 173 = 0.05
in the future?
5.3. Do you have enough information about 140 60.1 71 30.5 22 94 149 <+ 0.04

physiology postgraduate education?

Attitudes and behaviors of the students towards the
physiology course compared with gender, GPA, and
status of course repetition given in Table 6. It was
determined that female students were pay more at-
tention to follow the lesson and understand more in
the classroom in order to find interesting the subjects.
Besides, GPA of the students who understood the
physiology lesson in the classroom were higher than
the 60 and they found the lesson interesting and en-
joyed studying, and they did not find difficult to learn
the physiology. It was observed that those who took
the course more than once would not want to attend
the course if it was not compulsory and did not find
the course interesting. It was also found that these
students, like those with a less GPA than 60, thought
that the course was based on memorization.

As shown in Table 7, students thought it was appro-
priate to be given the physiology course in the 2ne-
grade, which did not differ according to gender or
GPA or status of course repetition. Also, even if all
students have noted that physiology is necessary for
their future profession, female students agreed with
this opinion more than the male, and similarly, the 2nd
grade students agreed more than the 5" grade stu-
dents (P<0.05). Furthermore, the mean scores of
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Discussion and Conclusion

Student feedback is a current and reliable method
that has been used continuously from past to present
in order to improve the education process. However,
it is also important to evaluate the data objectively
that is obtained from survey (Otag and Otag, 2013;
Cetkin et al., 2016). In this study, we have deter-
mined the opinions and attitudes/behaviors of the
Kirikkale University Faculty of Veterinary Medicine’s
students to the physiology course, and competence/
necessity of the course in terms of profession for
them. The data showed that both male and female
students have preferred the veterinary faculty willing-
ly (94.4%). It is known that faculty preferences take
shape by the individual's wish, interest and ability,
and these can affect the happiness, success and
efficiency of the students in education process
(Sarikaya and Khorshid, 2009). Also, Kiglkaslan and
Bulut (2019) have reported that most of the students
of Dicle University Faculty of Veterinary Medicine
have obtained information about their faculty (59.3%)
before they listed university preference(76.9%),
which indicates that students have preferred the vet-
erinary faculty willingly and consciously. However, in
this study, only 10.7% of the students declared that
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Table 6. Alteration of the students' attitudes and behaviors towards physiology lesson according to demographic
data

Status of course

Gender Grade point average o
repetition
Male Female <59 60-79 80< 1 time 2+ times

Did you attend the physiolo- 253+0.07 265006 241011 263£006 271011 265:005 245:0.10
gy course regularly?
Was it necessary to follow ~ 2.60£0.07° 283+004% 263+010 278:004  258+0.13 274+005 265+0.08
the lesson in the class in
terms of physiology learn-
ing?
Would you attend the class 2.04£0.08° 2.36+0.07% 1.96+0.12° 223+007% 2420127 229+0.06" 1.95+0.11°
even if you did not have to
attend?
Did you use the textbook or 233+0.08 245:008 228+0.11 243:007  242:013 238:006 243:0.10
the internet to study physi-
ology?
Did you come out of the 2.070.07° 229+0.07° 1.80£0.10° 229+0.067 229+0.127 221+0.06 2.09%0.09
physiology lesson with an
understanding of the sub-
ject?
Did you find the physiology ~2.090.08° 250006 1.87+0.12° 244:006® 234£0.13" 240:006° 200%0.10°
course interesting and en-
joyed studying?
Did you have difficulty 1.78+£0.08° 153+0.07° 2220127 152+006° 1.37+012° 1622007 1.77+0.10
learning the physiology?

214+008 200+0.08 233+0.12° 204+007® 1.84%0.13° 1.96+007° 235+0.10°

Did you think the physiolo-
gy is based on the memori-
zation?

Different letters show statistically significances which mean P<0.05.

Table 7. Alteration of the students' opinions on the importance of physiology lesson according to demographic data

Gender Grade Status of course

repetition
Male Female 2nd 3rd 4th 5th

1 time 2+ times
Was it appropriate 2.32+0.08 2.51+0.07 2.59+0.07 2.36£0.10 2.22+0.17 2.20+0.17 244+0.06 234+0.10
to give the physiolo-
gy course in the 2nd
grade?
Did you think the
physiology course
necessary for your
profession?
Did you think your
physiology
knowledge is suffi-
cient?

264+0.07° 282+005% 287+005% 271+£007%® 270+013%° 2374016 278+0.05 2.60+0.09

2.08+0.07 205+0.08 221+0.08% 201+£009%® 211+017%* 177+0.15° 215+0.06° 1.86+0.10°

Different letters show statistically significances which mean P<0.05.

they studied physiology more than 4 hours a week,
and the GPA of only 16.3% of them was 80 <. Fur-
thermore, consistent with the fact that almost all the
students (89.3%) spent 0-4 hours a week studying
physiology course, the GPA of 60.5% of them ranged
from 60 to 79. This situation may be related with one
of the common problems in today's educational pro-
cess, as previously reported by Timkaya and Bal
(2006), that students do not have effective/sufficient
study habits.

In some previous studies (Gozil et al., 2006; Sindel et
al., 2008; Cetkin et al., 2016), the students stated that
the teaching method of anatomy made the course
easier and affected their success. Also, students of
faculty of education, who took the course in anatomy
and physiology, declared that the course time was
sufficient (80%) and they stated that it was important
to care visuality in teaching/learning process (87%)
(Otag and Otag, 2013). Besides, Sefton (2005) con-
sidered the future of physiology education in a global
sense by emphasizing the necessity of visuality us-
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age in the teaching/learning process like the internet
and computer actively. In addition, Lewis (2003) re-
ported that the students, who received anatomy and
physiology courses by computer-assisted learning
methods, took higher marks than those subjected to
conventional methods. According to Ekerbicer et al.
(2016), faculty of medicine students informed that
usage of simulation was effective in the physiology
laboratory (mean score = 4.15+1.18). Similarly, in our
study, students, who thought the course should be
given in the 2" grade (62.7%) and the hours of the
course is sufficient (53%), thought that the visuality
was important in the teaching/learning of the physiol-
ogy course (90.1%) because they thought the teach-
ing method affects their success in the physiology
course (72.5%).

The students stating that they did not have difficulty
learning physiology (58.4%) thought that it was nec-
essary to follow the lesson in the classroom (81.1%).
Even though most of the students (72.5%) attended
the lesson, the 47.2% of them declared that they
would not attend the class if it were not compulsory.
This may indicate that they have attended the lesson
unwillingly. But, in this finding, it should be consid-
ered that approximately 30% of the students took the
physiology course more than twice. Also, 41.1 % of
them thought that this course is based on the memo-
rization, which may account for the low percentage
(39.9%) of the students coming out of the physiology
class with the satisfaction of understanding the sub-
ject. According to Razon (2020) people learn the is-
sues of their interest and needing easily and quickly
with having fun. Similarly, Brandt (1998) suggested
that people learn what is personally meaningful for
them. However, only half of the students in this study
stated that they were interested in or enjoyed study-
ing physiology. Thus, their interest in the course may
affect their attendance at class and success in physi-
ology course.

It is really worrying that most of students in this study
plan to continue postgraduate education neither in
physiology nor in any department. Our findings are
compatible with the results of Kigikaslan and Bulut
(2019) in which they reported that only 22.8% of vet-
erinary students wanted to be an academician, and
Cetkin et al. (2016) in which they showed that only
6.5% of medical students wanted to continue post-
graduate study in basic sciences. In the present
study, while % of the students would like to do doctor-
ate in physiology, the number of students who have
sufficient knowledge about postgraduate physiology
education is very low. It is thought that this situation
may be solved by meeting the deficit of existing spe-
cialists and academic staff, especially in basic scienc-
es. Therefore, we believe that it is necessary to raise
awareness, in the students, of postgraduate veteri-
nary physiology education through activities such as
seminars.
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As understandable from Table 6, some attitudes and
behaviors of students towards the physiology course
differed according to gender, GPA and the status of
course repetition. Students who are female or have
higher GPA or have taken the course one time were
more interested and enjoyed in studying physiology,
and they have less difficulties learning physiology
than the others in terms of the mean scores of re-
sponses. They have also stated that they would at-
tend the class even if it were optional. The effect of
gender may be related to the fact that women are
better than men in verbal memory/ability (Karagay,
2013) and regular studying habits (Batyra, 2017).
Additionally, hardworking students have generally
high GPA and can complete the courses successfully
at once. On the other hand, the students who had low
GPA or taken the course more than once thought that
physiology was based on memorization. Students, in
some previous studies reported by Michael (2007)
and Kunt (2014), have also declared that “physiology”
and “anatomy and physiology” courses, respectively,
was based on memorization, so they have had diffi-
culties learning them. Therefore, it is clearly under-
stood that it is necessary to employ different educa-
tional methods which enable students to learn, by
understanding rather than memorization, and enjoy

physiology.

According to the 83.7% of the students, the physiolo-
gy course is necessary for the education of veterinary
medicine. Besides, more than half of them declared
that theoretical and practical issues satisfied their
expectations. On the other hand, the rate of students,
who consider their physiology knowledge is sufficient
(35.6%) or unsure of their physiology knowledge
(35.6%), indicated that students forget what they
learned after passing the course. To solve this prob-
lem, students may be advised to devote a little more
time to study physiology, and instructors may be ad-
vised to use new teaching techniques such as
“concept maps” (Diwakar et al.,, 2007) and “case-
based or guided practices” (Garcia-Vazquez et al.,
2018; McFee et al., 2018) in the education process
for knowledge to be permanent.

In conclusion, in this study, it was revealed that most
of the students considered the physiology course as
one of the basic courses required for veterinary medi-
cine education. Also, they preferred visual education
for this course which satisfied the expectations of
them and few of them cared about the course that
would prefer postgraduate education. Since physiolo-
gy provides information about homeostatic mecha-
nism, we thought that the students become aware of
the course how it is essential for veterinary medicine.
Because they realized that disruption of homeostatic
balance causes diseases as they take vocational
courses. Furthermore, Students' preference for grad-
uate education in physiology can be related with find-
ing the course interesting and enjoyable for the same
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reason. Considering that homeostatic mechanisms
are protected by the cooperation of many physiologi-
cal systems, it is also expected that the relations be-
tween systems are more understandable when they
teach visual techniques and practices. These findings
showed that it may be beneficial to add different
teaching techniques to veterinary physiology educa-
tion in order to increase interest in physiology course
and to ensure permanent learning so that interest in
postgraduate education should be increased.
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Ozet: Bu galismada etilen glikol (EG) toksikasyonunun ratlarda kalp kas! lizerindeki muhtemel etkilerinin arastiriimasi
amagclandi. Sprague Dawley cinsi 30 adet erkek ve disi rat galisma materyalini olusturdu. Tum ratlar rastgele esit sayi-
da U¢ gruba ayrildi. Birinci ve ikinci gruba gastrik gavaj ile EG (%99.5 saflikta) verilmek suretiyle akut toksikasyon olus-
turuldu. Birinci gruba 3 mi/kg EG serum fizyolojikle (SF) sulandirilarak verilirken, ikinci gruba 6 mi/kg EG verildi. Uglin-
cu gruba ise kontrol amaciyla yalniz SF verildi. Kan ornekleri 0 ve 72. ve 96. saattlerde kuyruk venasindan alindi. Tok-
sikasyonun klinik belirtileri gériilen ratlardan EKG kayitlari alind. idrar sediment muayenesinde Ca-oksalat kristalleri
tespit edildi. Ayrica deneme sonunda nekropsi yapilarak ratlarin kalpleri histopatolojik analizler i¢in alindi. Ortalama
kan Ure (BUN), laktat dehidrogenaz (LDH), glukoz ve kreatinin diizeylerinin toksikasyon olusturulan ratlarda énemli
oranda arttidi, kalsiyum dizeylerinin ise azaldigi gortldi. Ortalama kardiyak troponin T (cTn-T) ve kreatin-kinaz myo-
kardial band (CK-MB) seviyelerinin toksikasyon olusturulan gruplarda 0. saatler ve kontrol grubuna gére yiksek oldugu
goriildi. Ancak cTn-I seviyelerinde ise bir farklilik belirlenmedi. idrar analizlerinde Ca-oksalat kristalleri belirlendi. Nek-
ropsi bulgularinda; epikardiyal kanama ve histopatolojide; nekroz alanlarini gevreleyen mononukleer hiicreler, suben-
dokard boélgesinde hiicresel infiltrasyon odaklari, dejenerasyon ve interstisyel 6dem saptandi. Bu galismada verilen
doza bagl olarak elektrokardiyografi (EKG), biyokimya ve histopatoloji bulgularinda énemli degisikliklerin goriimesi
nedeniyle, EG zehirlenmesinde toksik miyokardial hasarinin olustugu sonucuna varilmistir.

Anahtar kelimeler: Ca-oksalat, etilen glikol, miyokard, rat, toksikasyon

Investigation of Myocardial Effects in Rats Subjected to Experimental Ethylene Glycol Toxicity
Summary: The aim of this study was to investigate possible effects of experimental ethylene glycol (EG) toxication on
the heart muscle in rats. Thirty male and female rats of Sprague Dawley formed the study material. All rats were ran-
domly divided into three groups and gastric gavage method were used for the experimental toxication with EG (99.5%
purity). 3 ml/kg EG diluted with saline (Serum Physiologic, SF) was given to the first group and 6 mi/kg EG diluted with
SF to the second group, only SF same volume with EG was given to third group as control. Blood samples were taken
from the tail vein at the 0 (before EG application) and 72th hour and at the 96th hour after EG application. ECG meas-
urements were performed to the rats showing clinical symptoms of the toxication. ECG recordings were obtained from
rats with clinical signs of toxicity. Urine samples were taken and their sediments were analyzed. In addition, necropsy
was performed at post experiment and the hearts of the rats were taken for cardiac histopathology. In biochemical
analyzes, it was observed that blood urea (BUN), lactate dehydrogenase (LDH), glucose and creatinine levels in-
creased and calcium levels decreased significantly. Mean cardiac troponin T (cTnT) and creatine-kinase myocardial
band (CK-MB) levels were found to be different in groups that formed toxicity compared to control group. However,
there was no difference in cTn-I levels. In addition, Ca-oxalate crystals were detected in urine analysis. In necropsy,
epicardial bleeding and in histopathology mononuclear cells surrounding the necrosis areas, cellular infiltration foci in
the subendocardium, degeneration and interstitial edema were detected. In the light of the findings obtained in this
study, electrocardiography (ECG) and histopathological findings showed that a toxic myocardial injury also occurred in
EG poisoning.

Key words: Ca-oxalate, ethylene glycol, myocardium, rat, toxication

Giris delerin bilingsizce kullaniimasi gevreyi, insan ve hay-
van saghgini tehdit etmektedir. Bu kimyasal madde-
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lerden birisi buz ¢bziici olarak kullanilan ve EG ige-
ren antifiriz solisyonlaridir. Antifirizin insanlar tarafin-
dan kazara ya da bilerek igilmesi ile hayvanlarda ise
cevreye atilan antifirizin yalanmasi veya igilmesi ile
cogunlukla akut zehirlenmelere neden olur. igerisinde
bulunan konsantre EG (>%90) ile dogrudan temas
eden ve bu maddeyi Ozellikle oral yolla alan kedi,
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koépek, ruminant ve kanatlilarda EG zehirlenmelerine
siklikla rastlaniimaktadir (Celebi ve ark.,1999; Giines,
1999; Thrall ve ark. 2008). Oral yolla alinan EG, sin-
dirim sisteminden emildikten 2-3 saat sonra kanda en
yuksek dlzeylere ulasmaktadir. Daha sonra karaci-
ger tarafindan karbondioksit ve suya kadar parcala-
nir. Alkol dehidrogenaz enzimi yardimi ile glikolik
asite metabolize edilerek bir kismi da degisiklige ug-
ramadan bobrekler tarafindan atiimaktadir (Thrall ve
ark., 2008). Toksikasyona maruz kalan hayvanlarda
klinik bulgular; genellikle ataksi ve koma gibi merkezi
sinir sistemi (MSS) depresyonu, kusmanin gorildigu
gastrointestinal sistem (GIS) ve tubuler nekrozise
bagli bébreklerin fonksiyon bozukluklari ile karakteri-
zedir. Toksikasyonun prognozu, EG alindiktan sonra
gecen sureye ve EG’Un dozuna bagh olarak degise-
bilmekte, erken midahale edilmediginde ise ¢ogun-
lukla 6limle sonuglanmaktadir (Alkan ve ark., 1995).
insan ve hayvanlarda EG’iin Ca-oksalat kristallerinin
baslica proksimal tubullerde meydana getirdigi tahri-
bata bagl akut nébrek yetmezliginin yanisira anyon
gap metabolik asidozis ve MSS bozukluklari gelisebil-
mektedir. Ca-okzalat depolanmasi ise tetani ve no-
betlerle seyreden hipokalsemiye neden olabilir (Ng ve
ark., 2018; Kraut ve Mullins 2018). Zehirlenme sonu-
cunda etkilenebilecek bir diger sistem de kardiyovas-
kuler sistemdir. Kardiyopulmoner toksisiteye ve
EKG'de QT araliginda uzama, ST segment yikseklidi
gibi bazi etkilerin gelisebildidi belirtiimesine ragmen,
EG’lUn farkli dozlarda kalp kasi hasari ve dolasim
sisteminde yaptigi etkiler hakkinda yeterli bilgi bulun-
mamaktadir (Gunes, 1999; Cavender, 2012, Dibajnia
ve ark., 2020). Sonug¢ olarak EG zehirlenmelerinde
olusabilecek kardiyolojik degisikliklerin gergek pato-
genezi ve olusum mekanizmalarinin agiklanmasina
klinik olgulara dogru yaklasim agisindan ihtiya¢ bu-
lunmaktadir. Antifriz zehirlenmesi sonrasi deney hay-
vanlarinda, kalp kasi hasari olusumunun histopatolo-
jik bulgular ile kalp kasi biyobelirtecleri diizeylerinin
(cTnl, cTnT ve CK-MB) ve EKG parametrelerinin akut
zehirlenmelerin prognozu ve patogenezine katkida
bulunabilecegi diigiinilmektedir. Bu nedenle EG ze-
hirlenmelerinde daha az bilinen muhtemel miyokardi-
yal etkilerin arastirilmasi bu ¢alismada amaglanmig-
tir.
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Bu galigma, Erciyes Universitesi Deneysel Aragtirma-
lar Uygulama ve Arastirma Merkezi (DEKAM) binye-
sinde yer alan c¢alisma Unitelerinde yuratuldid. Hay-
vanlar, “Deneysel ve diger bilimsel amaglar igin kulla-
nilan hayvanlarin refah ve korunmasina dair yonet-
melige” uygun olarak barindirildi. Erciyes Universitesi
Hayvan Deneyleri Yerel Etik Kurulu’nun g¢alisma izni
ile (Tarih:13.04.2016 Karar No:16/075) galismanin
yuritilmesi onaylandi.

Calismada saglikh, 12 haftalik Spraque Dawley cinsi
ratlar kullanildi. Hayvanlar merkezi havalandirma
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sistemi bulunan, 12 saat aydinlik 12 saat karanlik bir
fotoperiyot saglanan, %40-%60 nisbi nem oranina ve
20-23°C oda sicakligina sahip calisma odasinda ba-
rindirildi. Her bir rat paslanmaz celik tel kapakli poli-
karbon konvansiyonel kafeslere bireysel olarak yer-
lestirildi. On bes erkek ve 15 disi toplam 30 adet rat
her grupta 10 adet rat olacak sekilde rastgele 3 gruba
ayrildi. Adlibitum standart rat yemi ile besleme yapil-
di. Bireysel polikarbon suluklarda ad libitum musluk
suyu almalari saglandi. Calismada kullanilan ratlarin
ortalama agirliklari Grup I'de 328.5+39.4 gr Grup
I'de 492.72+28.9 gr; Grup IlI'de 393.004£28.05 gr. idi.
Ortalama yaslar; Grup I'de 4.00+0.33 Grup Il'de
5.45+0.28 Grup llI'de 4.9+0.34 ay idi.

Birinci gruba (Grup 1) 3 ml/kg, ikinci gruba (Grup II) 6
ml/kg SF ile sulandirilarak gastrik gavaj yontemi ile
medikal %99.5 saflikta EG (Zag Kimya, Turkiye) veri-
lerek deneysel akut toksikasyon olusturulmasi sag-
landi. Son gruba (Grup Ill) ise kontrol olarak gastrik
gavaj yontemi ile yaklasik ayni hacimde serum fizyo-
lojik verildi. Her gruptaki ratlarin EG verilmeden énce
saglik kontrolleri yapildi. Ayrica SF ve EG verildikten
sonraki ilk 5 saat ratlar gézlenmis, 5. saatten sonra
ise her 2 saatte genel fiziksel muayeneler yapilarak
gerekli numuneler toplanmis veriler kayit altina alin-
mistir. Calismada EG verilmeden 6nce (0. saat) ve
verildikten sonra 72. ve 96. saatlerde kan &rnekleri
kuyruk veninden toplanmigtir. Daha sonra hayvanlar
servikal dislokasyonla 6tenazi edilmis ve nekropsileri
gerceklestirilmigtir.

Gruplardaki ratlardan 0, 72 ve 96. saatlerde biyokim-
yasal parametreler i¢in alinan kan serumu érneklerin-
de biyokimyasal analizlerden; glukoz, kan ire (BUN),
kreatinin, gamma glutamil transferaz (GGT), laktat
dehidrogenaz (LDH), alanin amino transferaz (ALT),
alkalen fosfataz (ALP), aspartat amino transferaz
(AST), Na, Cl ve K analizleri ile hematolojik paramet-
lerin analizleri yapilmistir. Biyokimyasal analizler se-
rum Orneklerinde, Randox RX Monaco (Birlesik Kral-
lik) tam otomatik biyokimya cihazinda analiz edildi.
Kalp kasina 6zgu biyobelirteclerdeki degisimleri belir-
lemek amaciyla elde edilen serum 6rneklerinde CK-
MB ve c¢Tn-T analizleri ERU Merkez Biyokimya labo-
ratuvarinda hizmet alimi ile yaptirnimigtir. Kardiyak Tn
-I analizleri Sunred Marka ticari Rat ELISA kitleri ile
Biotek ELX 800 marka ELISA okuyucusunda 450 nm
dalga boyunda kitin prosediriine uygun olarak ger-
geklestirilmistir. Hematolojik analizler Exigo (isveg)
marka tam kan sayim cihazinda érnek hacimlerindeki
yetersizlik nedeniyle yalniz 96. saatte alinan EDTA’l
kan érneklerinde analiz edilmistir.

Her gruptan rastgele 5er rattan masaj yontemi ile
yaklasik 1 ml idrar numuneleri klinik belirtilerin gorul-
meye basladigi 5. saatten itibaren eppendorflara alin-
di. Bu érnekler, 2000 rpm’de 10 dk. santrifije edildik-
ten sonra, idrar sedimentinde mikroskop altinda Ca-
oksalat kristalleri aranmigtir.
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Gruplardan esit sayida ve rastgele deneklerden 24
saat sonra bipolar ekstremite derivasyonlari yontemi
ile klinik belirti ortaya gikan ve EG toksikasyonunun
etkisi altindaki hayvanlardan EKG kayitlari Carewell
1101g Vet marka EKG cihazinda alinmistir. EKG
degerlendirmeleri Il. derivasyonlarda yapilmistir.

Birinci gruptan rastgele segilen 5 adet ve grup II'de
Olen tim ratlardan 96. saatte anestezi altinda servikal
dislokasyondan sonra nekropsi altinda kalp érnekleri
alindi. Ornekler %10’luk tamponlu formalinde tespit
edildikten sonra rutin doku takibi islemleri uygulandi.
Mikrotom ile 5-6 mikron kalinliginda seri kesitler alin-
diktan sonra kesitler Hematoksilen-Eosin (HE) ile
boyandi. Tum preperatlar, dijital bir kamera (Olympus
DP71) ve mikroskop (BX-51, Olympus) (x10, x40 ve
x100 hedefleri kullanilarak en az 4 alan i¢eren) dijital
programlayicilar (DP Controller ve DP Manager) ile
fotograflandi.

Istatistiksel analizler

Laboratuvar analizlerinden elde edilen verilerin ista-
tistiki analizleri SPSS 13.0 (2000) paket programi ile
bilgisayar ortaminda yapildi. Analizler igin tek yonlu
varyans analizi kullaniimigtir. Deneme suresince ali-
nan degerleri kargilastirmak igin Dunnett testi, farkh
gruplarin es zamanl verilerini kargilastirmak icin Tu-
key testi uygulandi. Gruplar arasi farkhhgin ve zama-
na gore degisimlerin d6nem derecesi P<0.05 dizeyin-
de degerlendirilmigtir.

Bulgular

Calisma gruplarinda EG verilmesinden sonra olusan
klinik semptomlar Tablo 1'de gdsterilmistir. Grup | ve
I'de Tablo 1'de belirtildidi gibi EG verildikten sonra
cesitli derecelerde klinik toksikasyona ait klinik belirti-
ler ortaya konulmustur. Gruplar arasinda verilen EG
konsantrasyonuna bagli olarak sarhogluk benzeri
durum disinda diger klinik semptomlar Grup | de da-
ha az sayida ratta gézlenmistir (Tablo 1). Grup | de 3
rat 23-26. saatler arasinda, Grup Il de 6 rat 22. saat
civarinda 6lmustir. Yapilan nekropsilerde édematéz
bdbrekler ve akcigerlerde hafif 6dem goérilmustur.

Calisma gruplarinin CK-MB, cTn-T, cTn-l degerleri

Tablo 1. Klinik belirtilere gore hayvan sayilarinin dagilimi

Vehbi Glines

Tablo 2’de verilmistir.

Elde edilen ortalama cTn-T ve CK-MB duzeylerinde
kontrol grubunda 6nemli degisimler gorilmedi, fakat
EG verilen galisma gruplarinda 72 ve 96. saatlerdeki
farkliliklar istatistiksel agidan ©nemli bulunmustur
(P<0.05). Ortalama CK-MB dlzeyleri sirasiyla; Grup
I'de: 532.75+17.15 IU/L, 688.12+319.09 IUIL,
554.25+112.44 IU/L ve grup Il'de 542.66+11.26 IU/L,
587.66+55.44 IU/L, 877.5+27.56 IU/L idi. Ortalama
cTnT duzeyleri sirasiyla; grup I'de: 0.040+0.003 ng/
ml, 0.155+£0.028 ng/ml, 0.866+0.225 ng/ml, ve grup
I'de 0.013+0.002 ng/ml, 0.041£0.025 ng/ml,
0.578+0.006 ng/ml idi.

Bununla birlikte ortalama cTn-l seviyelerinin tim
gruplarda EG verildikten sonraki saatlerde istatistiksel
acidan 6nemli oranda degismedidi ve bu degerlerin
birbirinden farkh olmadigi belirlenmistir. Bu degerler
sirasiyla; Grup I'de: 0.037+£0.003 ng/ml, 0.032+0.003
ng/ml, 0.031+£0.002 ng/ml, ve Grup II'de 0.032+0.004
ng/ml, 0.036+0.006 ng/ml, 0.029+0.006 ng/ml idi.

Ortalama cTn-T dizeylerinin 72. ve 96. saatte kontrol
grubuna goére galisma gruplarindan énemli dizeyde
farkh oldugu gozlendi (P<0.05). Ayni deg@erin ¢alisma
gruplarinda 72. ve 96. saatlerde EG veriimeden 6n-
ceki dizeylerden de anlamh oranda yiksek oldugu
belirlendi. Ortalama CK-MB diizeyleri ise Grup I'de
96. saatte Grup II'de ise 72. saatte 0. saatten anlaml
dizeyde yiksek oldugu, gruplar arasinda ise yine
ayni saatlerdeki kontrol grubunun ortalamalarindan
onemli diizeyde farkli oldugu bulundu. Calisma grup-
larindan 96. saat sonunda nekropsi iglemi ile alinan
kalp kasi 6rneklerinden elde edilen histopatolojik bul-
gu ornekleri Sekil 1'de gosterilmektedir. Bu g¢alisma-
da farkh dozlarda EG verilen ratlarda bazi ortak ve
yaygin biyokimyasal bulgular da elde edilmigtir. Kalp
kasi biyobelirtecleri diginda kalsiyum, potasyum,
BUN, LDH, kreatinin ve glukoz dizeylerinde gerek
gruplar arasinda gerekse grup ic¢i 0. saat verilerine
gore istatistiksel agidan birtakim anlamli degisimler
de gozlendi (Tablo 3). Etilen glikol verilen heriki grup-
ta hipokalsemi, hiperkalemi gézlenirken, BUN ve kre-
atinin dizeylerinde kontrol grubuna gore ve EG veril-
meden 6nceki degerlere goére istatiksel agidan énemli

Semptomlar Grup | (n=10) Grup Il (n=10)
Sarhosluk benzeri durum 10 10
Depresyon 7 9
Koma 4 7
Sallantil yuriiyis 7 10
Poliiiri 4 6
Dehidrasyon 5 8
Anoreksi 6 9
Pelvik inkoordinasyon 5 8
Oliim sayisi 3 6

Gl (n=10) (Dustk doz grubu): 3 ml/kg uygulanan grup. Gll (n=10) (YUlksek doz grubu): 6 ml/kg uygulanan grup.
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Tablo 2. Gruplardaki ortalama kardiyak biyobelirte¢ duzeyleri ve istatistiksel karsilastirmalar

Parametreler  Gruplar n

Toksikasyon Saatleri

72. X£Sh

96. XtSh

0. X£Sh

Grup | 7 532.7517.15 Aa

Cz:ﬁ,"l"_;?’ Grup Il 4 542.66+11.26 Aa
Gruplll 10 609+7.45 Aa

Tt Grup | 7 0.040£0.003 Aa

amyy  Grupl 4 0.013£0.002 Aa

Gruplll 10 0.031£0.003 Aa

. Grup | 7 0.037£0.003 Aa

ojmyy  Grupl 4 0.032£0.004 Aa

Gruplll 10 0.028+0.002 Ba

688.12+319.09 Ba

587.66+55.44 Aa

554.25+112.44 Ba
877.5+27.56 Ab

560+5.77 Ab 567.5£12.29 Bb
0.155+0.028 Bb 0.866+0.225 Ac
0.041+0.025 Aa 0.578+0.006 Ab
0.019+0.001 Cb 0.068+0.004 Bc
0.032+0.003 Aa 0.031+£0.002 Aa
0.036+0.006 Aa 0.029+0.006 Aa
0.047+0.005 Bb 0.037+0.005 Ab

Gl (n=10) (Duslk doz grubu): 3 mi/kg uygulanan grup. Gll (n=10) (Yuksek doz grubu): 6 mi/kg uygulanan grup. GllI (n=10) (Kontrol grubu):
Digerleriyle ayni hacimde SF uygulanan grup *Buylk harfler (A.B.C) gruplar arasi ayni saatlerdeki farki, kiiglik harfler (a.b.c) ayni grup igerisin-
deki farkli saatler arasi farki ifade etmektedir. (*n sayilari 72. ve 96. saatlerde hayatta kalan rat sayilarina gére verilmistir) .

oranda (P<0.05) artislar izlenmistir. Ortalama BUN
dizeyleri sirasiyla; Grup I'de: 45+1.55 mg/dl,
278.75+7.75 mg/dl, 385.33+132.80 mg/dl, ve Grup
I’de 25.6+0.62 mg/dl, 90+£0.57 mg/dl, 93+21 mg/dI
idi. Ortalama kreatinin dlzeyleri sirasiyla; Grup I'de:
1.60+0.62 mg/dl, 2.24+0.04 mg/dl, 3.65+1.21 mg/dl,
ve Grup Il'de 0.76+0.02 mg/dl, 1.75+0.28 mg/dl,
1.64+0.21 mg/dl oldugu belirlendi. Grup | ve II'de
ortalama glukoz dulzeyleri EG verilmesinden sonra
onemli oranda artmistir (P<0.05). Ortalama glukoz
dizeyleri sirasiyla; Grup I'de: 138.67+8.7 mg/dl,
337.08+14.07 mg/dl, 223.05+42.37 mg/dl, ve Grup
I’de  118.59+4.49 mg/dl,  159.5810.24mg/dI,
213.01+13.53 mg/dl oldugu belirlendi (Tablo 3) .

Hematolojik analiz bulgularinda kontrol grubu ve ga-
lisma gruplarindan elde edilen drneklerde istatistiksel
acidan herhangi anlaml bir degdisiklik gdézlenmemisgtir.

EKG kayitlarinin 1. derivasyon bulgularina gore yapi-
lan analizlerde, Pamp (mV), PR (sn), T (mV) ve ST
(sn) degerlerinde grup | ve Il arasinda farkhliklar be-
lilendi (p<0.05). Grup II'deki bu degerlerin sirasiyla;
0.15+£0.02 mV, 0.07+ 0.01 sn, 0.12+0.02 mV ve
0.06+0.02 sn oldudu ve anlamh oranda Grup I'den
daha yliksek oldugu belirlendi (Tablo 4). EKG yorum-
lamasinda genel olarak Grup | ratlarinda ortalama 2
mm ST elevasyonu; Grup |l ratlarda bazi vakalarda
ise ST degisiklikleri ve bir hayvanda akut koroner
sendrom benzeri tablo gértiimustir (Sekil I).

Grup | ve Grup Il ratlarina ait iki adet EKG 6rnekleri
Sekil 1'de verilmistir.Grup | ratlarinda yapilan mak-
roskopik muayenede epikardiyal kanama gozlemlen-
di. Ayrica kalp kasinda nekroz alanlarini gevreleyen
mononikleer hiicreler subendokard bolgesinde hiic-
resel infiltrasyon odaklari, dejenerasyon, interstisyel
6dem saptandi(Sekil 2A-D). Grup Il ratlarda ise hafif
mononukleer hicre infiltrasyonu gézlendi (Sekil 2E).
Kontrol grubunu olusturan ratlarda herhangi bir pato-
lojik bulguya rastlanmadi (Sekil 2F).
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Sekil 1. Grup | ve Grup II'deki ratlara ait EKG 6r-
nekleri (25 mm/sn ve 20 mm/mV)

a. Grup |, I. Il, aVR ve aVL derivasyonlarinda ST
yukselmesi 6rnegi

b. Grup Il, akut koroner sendrom 6rnegi

Sekil 2. Rat, Kalp Biyopsi. (Hematoksilen-Eosin boyama
x100). (A-D) Yiksek doz grubu, (A-B) Kalp kasinda kana-
ma, (C) Kalp kasinda intersitisyel 6dem, dejenerasyon,
yangisal hiicre infiltrasyonu, (E) Disik doz grubunda mo-
noniklear hiicreler. (F)Kontrol
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Tablo 3. Gruplardaki ortalama biyokimyasal parametreler
Parametreler  Gruplar 0. XtSh 7;?;22‘::”0" Saater 96. X*Sh
BUN Grup | 7  45+1.55 Aa 278.75+7.75 Ab 385.33+£132.80 Bb
(mg/dL) Grup Il 4  25.6+0.62 Aa 90+0.57Ab 93+21 Ab
Grup Il 10 49.9+0.18 Ba 45.6+0.98 Ab 49.55+1.36 Aa
LDH Grup | 7  1404.4+111 Aa 3340.55+373.95 Ba 1278.08+215.87 Aa
(UIL) Grup Il 4 1420.12+72.79 Aa 1810.4+28 Aa 1916.4+302.3 Ab
Grup Il 10 1370.37+66.09 Aa 1404.93+54.80 Aa 1459442 Aa
GGT Grup | 7 8.167t5.4 Aa 311.53 Ba 2246.40 Ba
(UIL) Grup Il 4 2.5+0.29 Aa 1.540.2 Ab 1+0.05 Ab
Grup Il 10 1.75%0.36 Aa 2+0.28 Aa 1.5+0.16 Aa
GLUKOZ Grup | 7 138.67+8.7 Aa 337.08+14.07 Ab 223.05+42.37 Ab
(mgldL) Grup Il 4 118.59+4.49 Aa 159.58+0.24 Ab 213.01+13.53Ac
Grup Il 10  124.89+20.31 Aa 115.66+5.33 Ba 138.52+29.29 Ba
- Grup | 7 1.60%0.62 Aa 2.24+0.04 Bb 3.65+1.21 Aa
K?EQLT;N Grup Il 4  0.7610.02 Aa 1.75+0.28 Ab 1.64+£0.21 Ab
Grup Il 10 1.18%0.12 Aa 0.71+0.03 Bb 0.84+0.11 Bb
. Grup | 7 10.65+0.46 Aa 9.6310.73 Aa 7.65+1.08 Ab
Kﬁhg}ggm Grup Il 4 11.6440.35 Aa 10.58+1.65 Ab 8.92+1.52 Ab
Grup Il 10 11.56+0.44 Aa 11.3710.43 Ba 10.32+0.06 Bb
ALT Grup | 7 107.84x15.65Ba 89.31+5.87 Aa 165.85+58.55 Aa
(UIL) Grup Il 4  68.85+2.24 Aa 88.31+3.64 Aa 59.36+19.26 Aa
Grup Il 10 69.05+5.81 Aa 74.18+0.80 Aa 69.64+4.37 Aa
AST Grup | 7  159.98+21.75 Aa 460.1+92.9 Bb 319.71+81.40 Bb
(UIL) Grup Il 4 119.45+12.33 Aa 180.41+9.66 Ab 113.2+7.9 Aa
Grup Il 10 121.8414.48 Aa 141.5+4.71 Ab 153.71+£12.49 Cb
ALP Grup | 7 227+19.61 Aa 267.25+23.75 Ba 345.83155.41 Ba
(UIL) Grup Il 4 210.33+27.44 Aa 118+11.32 Ab 158141 Aa
Grup Il 10 215.33%£33.12 Aa 291.22+5.74 Bb 219.6+17.69 Ca
Na Grup | 7 163+12.35Ba 180+11 Ba 13619.55 Ba
(mEg/l) Grup Il 4 156.5+2.02 Aa 147.5+£7.5 Aa 15117 Aa
Grup Il 10 145+9.6 Ba 150+£12.3 Ba 140+47.68 Ba
K Grup | 7 7.1+0.8 Ba 8.3+0.7 Bb 7.2+0.56 Ba
(mEgl) Grup Il 4  6.56+0.29 Aa 5.83+0.28 Aa 610.3 Aa
Grup Il 10 5.9+0.4 Ca 5.8+0.5 Ba 540.3 Ca
cl Grup | 7 125+4.7 Ba 127+5.4 Ba 9116 Ba
(mEg/l) Grup Il 4 116.33+1.476 Aa 112.331£3.84 Aa 116.66+4.33 Aa
Grup Il 10 107+6.9 Ca 110+8.6 Ba 1001£9.1 Cb

Gl (n=10) (Dusuk doz grubu): 3 ml/kg uygulanan grup. Gll (n=10) (Yuksek doz grubu): 6 ml/kg uygulanan grup.
Glll (n=10) (Kontrol grubu): Digerleriyle ayni hacimde SF uygulanan grup *Blylk harfler(A.B.C) gruplar arasi
ayni saatlerdeki farki, kigtk harfler (a.b.c) ayni grup icerisindeki farkli saatler arasi farki ifade etmektedir. (*n
saylilari 72. ve 96. saatlerde hayatta kalan rat sayilarina gére verilmistir) .

Tablo 4. EKG kayitlarinda Il. derivasyon bulgulari (25 mm/sn ve 20mm/mV)

EKG Parametreleri

Gruplar Pamp (mV) PR (sn) R (mV) QRS (sn) T (mV) ST (sn)
Grup | (n=5) 0.11+0.01° 0.04+0.01%  0.7+0.1 0.04+0.01 0.08+0.01% 1.0+0.1°
Grup Il (n=5) 0.15+0.02° 0.07£0.01°  0.73+0.08  0.04+0.01 0.12+0.02° 0.06+0.02°

Pamp: P dalga ylksekligi, PR: PR aralgi, R: R dalga yuUksekligi, QRS: QRS araligi, T: T dalga yuksekligi, ST:
ST aralidi, a,b: farkli harfler istatistiksel farki gdéstermektedir (P<0.05).
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Tartisma ve Sonug

Antifiriz ya da EG zehirlenmelerine bagh bazi vaka ve
deneysel kontrollicaligsmalarda,diger sistemlerdeki
degisikliklerle birlikte birlikte kardiyovaskiler bozuk-
luklarin da olusabildigi belirtimektedir (Cavender,
2012; Saritas ve ark., 2015, Dibajnia ve ark. 2020).
Bununla birlikte, bébrek fonksiyonlari ve MSS etkileri
detayll belirlenmesine ragmen kardiyolojik etkiler tam
olarak ortaya konulmamistir (Kim ve ark., 2010). Bazi
vaka raporlarinda tekrarlayan kardiyak aritmiler ve
sokun gelisebildigi, myokarditisin gérulebildigi rapor
edilmigtir (Dibajnia ve ark. 2020). Ayrica EG’lUn akut
alimini takiben olen kisilerde yapilan otopside miyo-
kardit tablosu da gézlenenen bulgulardan bir digeridir
(Friedman ve ark. 1962). Bu galismada EG ile deney-
sel olusturulan muhtemel kardiyak hasarin gostergesi
olabilecek CK-MB ve kardiyak troponin dizeylerinde
bir takim degisimler belirlenmistir. Bu biyokimyasal
degisiklikler histopatoloji ve EKG bulgulariyla dogru-
lanmigtir.

Ratlarda CK ve LDH enzimlerinin erken dénem miyo-
kard hasarinin tespiti igin ¢ok belirleyici olmadiklari
belirtiimektedir. Kardiyak troponinler-l (cTnl) ve -T
(cTnT)'in ise yuksek duyarlilia sahip olduklari ve
miyokard hiicre hasarinin spesifik belirtegleri oldukla-
ri gosterilmistir (Adams 3rd ve ark., 1993; Burlina ve
ark., 1994). Son arastirmalar insana 6zgi cTnl ve
c¢TnT'nin cgesitli hayvan turlerine ait cTn ile gapraz
reaktivitesini ortaya koymustur (Katus ve ark., 1992;
O'Brien ve ark., 1997a,b). Fakat farkli dozlarda EG
zehirlenmesine maruz birakilan ratlarda cTnl ve

cTnT'de gbzlenen artiglar olup olmadigi ve bu kardi-
yak parametrelerin EG toksikasyon modelinde sigcan
kalplerinde histolojik bulgular arasindaki iliski hakkin-
da yeterli bilgi bulunmamaktadir. izoprenalin verilen
ratlarda, cTnl ve cTnT seviyelerinin erken dénemde
yukseldigi tesbit edilmis ve benzer sekilde, kontrol
gruplari ile karsilastirildiginda izoprenalin enjeksiyo-
nundan 24 saat sonra cTnT'nin daha yiksek anlamli-
lik dizeyinde daha uzun sire arttigi gosterilmistir
(Bertsch ve ark., 1997). Bu sonuglar, cTnl ile karsi-
lastinldiginda c¢TnT'nin daha uzun bir sire ile kan
serumunda yuksek dizeylerde kaldigini bildiren in-
sanlardaki cTnT ve cTnl kinetigi ile uyumlu bulun-
mustur (Mair, 1997). Bu ¢alismadan elde edilen cTnl
ve cTnT duzeyleri degerlendirildiginde, EG verildikten
sonra 72 ve 96. saatlerde cTnT duzeyleri ¢alisma
gruplarinda zamana bagh bir artig gostermis, fakat
cTnl dizeylerinin galisma siresince tim gruplarda
degismedigi belirlenmistir. Calismanin cTnT bulgula-
rinin, Bertsch ve ark. (1997) tarafindan yapilan ve 24
saat sonraki cTnT sonuglarinin kontrol grubuna gére
cTnl’dan daha yiiksek oldugunu belirledikleri calisma-
nin bulgularnyla uyumludur. Zira ¢alisma gruplarinda
cTnl sonuglarinin degismedigi 72. ve 96. saatlerdeki
diizeylerin hem 0. saate gére hem de kontrol grubu-
nun ayni saatlerdeki diizeylerinden anlamli oranda
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yiksek olmasi nedeniyle ayni yargiya varilmigtir.
Elde edilen 6zellikle cTnT verilerinin, miyokard hasar-
larinin CK-MB salinimina yol agmasa dahi troponin
dizeylerindeki yukselmelerin hassas oldugunu belir-
ten klinik raporlardan elde edilen bulgularla iyi bir
uyum icinde oldugu gortlmistir (Adams ve ark.,
1993; Burlina ve ark., 1994; Gerhardt ve ark., 1991;
Hamm ve ark., 1992; Wu ve ark., 1995). Her iki grup-
tan alinan EKG bulgulari ile bu degisiklikler de dogru-
lanmigtir. Kreatin kinaz (MB)'deki farkliigin ise muh-
temelen mikroinfarktlisiin saptanmasindaki CK du-
yarliliginin ve 6zgunluginin azalmasindan kaynak-
lanmaktadir. cTnl normalde kan dolasiminda yok
denecek kadar az oldugu ve miyokardiyumda da
agirlik bazinda CK-MB 'den daha fazla oldugu igin,
cTnl ¢ok duslik duzeylerdeki kardiyak nekrozun sap-
tanmasi i¢in ¢ok daha uygundur (Antman ve ark.,
1996). Nitekim Bleuel ve ark. (1995) tarafindan yapi-
lan calismada oldugu gibi kullanilan ratlarda kontrol-
lerle karsilastirildiginda EG verilmis siganlarda CK'da
anlamli bir artis bulunmamistir. Normal CK-MB ile
birlikte veya yalniz bagina kardiyak troponinlerin yik-
selmesi, hafif derecede veya en disiik dereceli miyo-
kardiyal hasar yansitabilir (Imazio ve Trinchero,
2007). Ayrica diger parametrelerden, CK-MB izoenzi-
mi, mutlak kalbe 6zgu bir belirteg degildir (Adams ve
ark., 1993) ve iskelet kasi yaralanmasi var ise hay-
vanlarda etkisiz olabilir (O’'Brien ve ark., 1997b). Ayri-
ca, plazmadaki CK-MB'nin etkinligi, bir tirden digeri-
ne gore farkhlik gosterir. Calismamizda CK-MB bul-
gulari Grup I'de 72 ve 96. saatlerde zehirlenme 6nce-
sine gore artis gOstermesi anlamli olmakla birlikte
daha yiiksek doza maruz kalan Grup Il de ise sadece
72. saat dizeyinin ayni grubun diger saatlerde alinan
degerlerinden yiksek olmasi CK (MB) aktivitelerinin
kalp kas! hasarlarinda degerlendiriimesini sinirlandi-
rabilir.

Calisma gruplarindaki ratlarda yapilan genel nekropsi
degerlendiriimesinde elde edilen bulgular 6len iki
adet hayvanda makroskobik acidan kalp kasinda
epikardiyal kanamalar ve solgun bdbrekler tarzinda
gelisen bulgular bir vaka raporu ile benzerlik gdster-
mektedir. Bu raporda 6len bir erkek zehirlenme vaka-
sinda nekropsi yapilmis ve histopatoloji bulgularinda
kalpte -coronaro-myocardiosclerosis belirlenmistir
(Judea-Pusta ve ark., 2018). Bu g¢alismada, deneyin
sonlandirildigi 96. saatte alinan kalp 6rneklerinde bir
takim degisikliklerin olusabildigi gdzlenmistir. Bu de-
gisiklikler, yiksek dozda EG verilen ratlarda intersitis-
yel 6dem, dejenerasyon, sub-endokard bélgesinde
hicresel infiltrasyon, nekroz alanlarini gevreleyen
mononiklear hicreler; diisiik doz grubu ratlarda ise
hafif mononiiklear hiicre infiltrasyonu olarak gézlen-
mistir. Calisma gruplarindaki histopatolojik ve kalp
kasina 6zgl biyokimyasal parametrelerdeki degisim-
ler, EKG kayitlarinda elde edilen ST segmenti yiiksel-
mesi ve akut koroner sendrom nedeniyle EG toksi-
kasyonunun ratlarda kalp kasinda bir hasar olustur-
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dugunun delilleri olarak degerlendirilmistir. Bu bulgu-
lari destekler 6zellikte, Dibajnia ve ark. (2020) tarafin-
dan rapor edilen vaka raporunda, 37 yasinda EG
zehirlenmesine maruz kalan bir hasta da cTnl duze-
yinde yukselme ve koroner kalp yetmezligine ait her-
hangi bir bulgu olmamasina ragmen, EG alimindan
87 saat sonra EKG bulgularinda I., aVL ve aVR deri-
vasyonlarinda ST segmenti yiikselmesi belirlenmistir.

Bu cgalismada CK-MB ve cTnT'nin, siganlarda EG
kaynakli tagikardi sonrasi miyokard hasari teshisinde,
geleneksel cTnl, CK ve LDH biyobelirteclerine goére
daha 6nemli biyobelirtegler oldugu gézlenmistir. Orta-
lama cTnT duzeyleri ve CK-MB aktivitelerindeki yUk-
selmeler ile histopatolojik bulgular arasindaki iligkinin
analizi, bilhassa artan cTnT duzeyi ile miyofibriller
dejenerasyonunun derecesi arasinda iyi bir uyumlu-
luk oldudunu ortaya koydu. Bununla birlikte, analizle-
rin gesitli troponin-1 ve T formlarina verdigi tepkiler
nedeniyle cTnl ve cTnT analizleriyle elde edilen mut-
lak degerlerde farkliliklar vardi. Biyokimyasal para-
metrelerden CK-MB, cTnT ile EKG ve histopatolojik
bulgular 1s1ginda 6 mi/kg dozda EG verilen ratlarda
onemli dizeyde, 3 mil/kg dozda EG verilen ratlarda
ise dusuk duzeylerde bir toksik myokard hasarinin
olusacagi, 6lumlerde miyokard hasarinin katkisinin
olabilecegi, EG toksikasyonunda hastalara yapilacak
monitdrizasyonda ve gergeklestirilecek tedavinin du-
zenlemesinde kardiyak hasarin da dikkatle degerlen-
dirilmesi gerekliligini ortaya koymustur.

Sonug olarak; biyokimyasal kardiyak parametrelerde
elde edilen degisimler, histopatoloji bulgulari ve EKG
sonuglarina gore, EG zehirlenmesinde olugsan miyo-
karditisin, hucresel metabolizmalari bozan glikoalde-
hit metabolitlerinden kaynaklandidi ve bunlarin lokal
doku hasarina yol acgarak belli oranlarda toksik myo-
karditise de neden olabilecegi kanaatine variimistir.
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Summary: The aim of the present in vitro study was to investigate the effects of laurel volatile oil, (Laurusnobilis L.)
on ruminal gas production, methane emission, organic acids and protozoa counts of Alfalfa herbage. The components
of laurel volatile oil were analysed. The effects of the addition of laurel volatile oil, at levels of 0, 50, 100 and 200 mg/L
(LO, L50, L100 and L200), to the rumen fluid on in vitroruminal digestion were determined using byin vitro gas produc-
tion technique. The addition of 50 mg/L of laurel volatile oil decreased total gas and methane production (ml), organic
matter digestion (OMD), and metabolic energy (ME) values. On the other hand, the addition of this oil at levels of 100
mg/L and 200 mg/L was observed not to alter the in vitro total gas, methane (ml), ME and OMD values (P<0.05). While
ruminal ammonia nitrogen levels decreased in Groups L50 and L100, no alteration was detected in Group L200
(P<0.05). Ruminal protozoa counts did not affected by the addition of laurel volatile oil within a range of 50-200 mg/L
(P>0.05). The amounts of the total volatile fatty acids (TVFA) and butyric acid (BA) in the in vitro fermentation fluid of
alfalfa herbage were low in all groups. It was determined that laurel volatile oil (LaurusnobilisL.) caused dose-
dependent alterations in the in vitro digestion parameters.As a result, it has been determined that the active substanc-
es in Laurusnobilis L. essential oil may have regulation power on ruminal fermentation. It is thought that more research
is needed to reveal the effects of Laurusnobilis L. volatile in terms of both ecological and digestive system physiology
by using different feed types and essential oil combinations

Key words: In vitro gas production, laurel, methane, volatile oil

Yonca Kuru Otunun /n Vitro Ruminal Gaz Uretimi, Metan Salimmi, Organik Asit ve Protozoa Sayisi Uzerine
Defne Ugucu Yaginin (Laurusnobilis L.) Etkisi

Ozet: Bu in vitro calismanin amaci, defne (Laurusnobilis L.) yapraklarindan elde edilen defne ugucu yaginin yonca
kuru otunun ruminal gaz Uretimini, metan emisyonunu, organik asitler ve protozoa Uzerine etkilerini aragtirmaktir. Defne
ugucu yaginin bilesenleri analiz edildi. Rumen sivisina 0, 50, 100 ve 200 mg/L (LO, L50, L100 ve L200) seviyelerinde
defne ugucu yagi eklenmesinin in vitro ruminal sindirime etkileri in vitro gaz uretimi ile belirlendi. 50 mg/L defne ugucu
yag! ilavesi toplam gaz ve metan Uretimini (ml), organik madde sindirimini (OMD) ve metabolik enerji (ME) degerlerini
disurmustir. Ote yandan bu yagin 100 mg/L ve 200 mg / L seviyelerinde eklenmesinin in vitro toplam gaz, metan (ml),
ME ve OMD degerlerini (P <0.05) degistirmedigi gorulmustir. Grup L50 ve L100'de ruminal amonyak nitrojen seviyeleri
azalirken, Grup L200'de degisiklik saptanmadi (P <0.05). Ruminal protozoa sayilari, defne ugucu yaginin 50-200 mg /
L araliginda eklenmesinden etkilenmedi (P> 0.05). Yonca otunun in vitro fermentasyon sivisindaki toplam ugucu yag
asitleri (TVFA) ve butirik asit (BA) miktarlari tim gruplarda diguktu. Defne ugucu yaginin (Laurusnobilis L.) in vitro
sindirim parametrelerinde doza bagli degisikliklere neden oldugu belirlendi. Sonug olarak Laurusnobilis L. ugucu yagin-
daki etken maddelerin ruminal fermantasyon lizerinde diizenleme gucline sahip olabilecegi tespit edilmistir. Laurusno-
bilis L. Ugucu yaginin hem ekolojik hem de sindirim sistemi fizyolojisi agisindan etkilerini farkli yem tirleri ve ugucu yag
kombinasyonlari kullanarak ortaya ¢ikarmak igin daha fazla arastirmaya ihtiya¢ oldugu dustndlmektedir.

Anahtar kelimeler: Defne, in vitro gaz Uretimi, metan, ugucu yag

Introduction Therefore, the increasing demand for animal prod-
ucts points out to the need for researching how to
increase animal production (Gemeda, 2018; Thornton
and Pierre, 2010). Several studies have demonstrat-
ed that, on a global scale, 80 million tonnes of CH4 is

The consumption of animal products remains low in
developing countries due to growing population.
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produced each year, nearly 47% of which originates
from human activity on agricultural land and 39%
from farm animals (Ellis et al., 2010; Gerber et al.,
2013; Hook et al., 2010). Methane gas production by
ruminants eventually results in a gross energy loss
ranging from 2% to 12% (Wanapat et al., 2015). It
has been reported that, depending on the type, parti-
cle size and dry matter content of the feed provided
to them, cattle produce 60-160 kg CHj/year per head,
whilst sheep and goats produce 10-16 kg CHa/year
per head (Hristov et al., 2013). Methane is consid-
ered to be even more dangerous than carbon dioxide
(CO,), which also causes climate change and affects
global warming (Bodas et al., 2012). Creating favour-
able environmental conditions that would reduce me-
thane production is rather difficult. Various inhibition
techniques have been used to reduce the production
of enteric CH4(Patra et al., 2016). Unfortunately,
some of these techniques have detrimental effects on
ruminal microorganisms and fermentation (Patra and
Yu, 2013). Furthermore, some CHjyinhibitors are toxic
for ruminants (Patra and Yu, 2012). Therefore, it is
required to find safe alternative feed additives in or-
der to protect the environment and sustain animal
production while reducing enteric CH,4emissions. In
the past few years, consumers have called for the
use of natural products, such as phytochemicals, to
alter the ruminal ecosystem. In this context, the struc-
tures of the secondary metabolites of more than
200,000 plants have been determined (Hartmann,
2007).

The rich flora of Turkey contributes greatly to the
abundance and diversity of plants from which volatile
oils are derived. Apart from its geographical position
and climate diversity, Turkey being situated at the
crossroads of 3 very important floristic regions ac-
counts for the diversity of aromatic herbs found
throughout the country, as is the case with other plant
species and genera. The aim of this study was to
investigate the effects of laurel volatile oil, an export
product (approx. 12,000 tonnes/year) of Turkey de-
rived from the leaves of laurel trees native to the
coastline of the country (Karik et al., 2015), on in vitro
roughage degradability. Volatile oils show anti-
methanogenic effect on in vitro digestion and alter
rumen fluid parameters (Cobellis et al., 2016; Ulger et
al., 2017; Zhou et al., 2020). It is foreseen that, owing
to the active substances it contains, laurel volatile oil
may alter rumen fluid parameters and in vitro diges-
tion. This study was aimed at determining the effects
of different levels (0, 50, 100, 200 mg/L rumen fluid)
of laurel volatile oil, an export product of Turkey
(approx. 12,000 tonnes/year) derived from the leaves
of laurel trees on the Mediterranean coastline, on in
vitroruminal gas production, methane emission, or-
ganic acids and protozoa counts.
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Materials and Methods
Ethical approval

We obtained an approval (No: 2020/04-16) from the
Local Ethics Committee of Hatay Mustafa Kemal Uni-
versity for this study.

Plant material

The laurel volatile oil used in this study was extracted
by hydrodistillation from the leaves of laurel trees
(Laurusnobilis L.) in the Hatay province of Turkey,
which were collected at the blooming stage and dried
at 35 °C.

Extraction and component analyses of laurel vol-
atile oil

The dried plant material was chopped and placed in a
beaker, then steam distillation was used to extract
the essential oil. Steam distillation is based on the
principle of applying pressure to the plant materials
using steam, creating droplets of oil and water to-
gether, then evaporating the water from the droplets
in the beaker. The chemical components of the vola-
tile oil were determined using a Thermo Scientific
ISQ Single Quadrupole model gas chromatograph
and a TG-Wax MS-A model, 5% phenyl polysil-
phenylene-siloxane column of 0.25 mm inner diame-
ter, 30 m length, and 0.25 pym film thickness. Helium
(99.9%) was used as the carrier gas at a flow rate of
1 mL/minute. The ionisation energy was 70 eV and
the mass range (m/z) was set from 1.2 to 1200 amu.
The scan mode was used for data collection. The
temperature of the mass spectrometry (MS) transfer
line was 250°C, the MS ionisation temperature was
220°C, the temperature of the injection port was 220
°C, and the column temperature was initially 50°C
and increased up to 220°C at a rate of 3°C/minute.
The structure of each component was described us-
ing the Xcalibur software and mass spectra.

Chemical analysis of dried alfalfa

Alfalfa, which was harvested during the vegetation
period and subsequently dried, was analysed for dry
matter (DM), crude ash (CA), crude protein (CP), and
crude fat (CF) using the official methods of analysis
of the Association of Official Analytical Chemists
(AOAC, 1995). The composition of the neutral-
detergent fibres (NDF), acid-detergent fibres (ADF)
and acid detergent lignin (ADL) were analysed as
described by Van-Soest et al. (1991).

In vitro gas production

The in vitro degradability of dried alfalfa was deter-
mined by the in vitro gas production assay described
by Menke et al. (1979). Approximately 1-litre ruminal
fluid samples were collected from each of two fistulat-
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ed Brown Swiss beef cattle, weighing 500-550 kg,
and were transported to the laboratory in insulated
flasks at 39+1°C. The ruminal fluids were filtered un-
der CO, gas pressure through 4 layers of muslin cloth
and were used for in vitro gas production. Laurel vol-
atile oil (Laurusnobilis L.) was drawn into 100 ml-
glass syringes (Model Fortuna, Germany) and added
at levels of 50-100-200 mg/L to the ruminal fluid sam-
ples, and then incubated in 10 ml-aliquots with
20010 mg of dried alfalfa and 20 ml of a mixture of
buffer + macrominerals + microminerals + reduction
solution + resazurin solution. Gas was produced in
four replicates of the samples from each group. Four
syringes were used for blind calculations.

Determination of in vitro total gas and methane
production

The total amount of gas produced in each syringe
was determined by reading the volume (ml) on the
syringe barrel at the end of a 24 h-incubation period.
The share of methane in the total amount of gas pro-
duced was determined using an infrared methane
sensor (Sensor, Europe GmbH, Erkrath, Germany).

Determination of in vitro degradability parameters

The effects of laurel volatile oil on the in vitro metabo-
lizable energy (ME), organic matter digestibility
(OMD) and net energy lactation (NE )values were
calculated using the formulae indicated below
(Blimmel et al.,1997; Menke et al., 1979).

Siileyman Erciment ONEL

ME (MJ /kg DM) = 2.20 + 0.136 x GP +
0.057 x CP + 0.0028597 x EE?

OMD (g/kg DM) = 14.88 + 0.889 x GP+ 0.45
x CP +0.0651 x CA

GP= 24 h net gas production (ml/200 mg),
CP=Crude protein (g/kg DM), CA= Crude ash (g/kg
DM), EE = Ether extract (g/kg DM).

Determination of total protozoa count

At the end of the incubation period, the content of the
glass syringes was used to count the number of pro-
tozoa. At the end of 24 h, 1 ml of the content was
filtered from each syringe and added 49 ml of a dilu-
ent (mixture of 20 ml of 37% formalin, 150 ml of glyc-
erine and 820 ml of distilled water) to prepare ready-
to-count 50-ml sample aliquots as described by
Boyne et al. One ml of each aliquot was placed in the
chamber of a Macmaster’s slide to count the number
of protozoa per cubic centimetre (Boyne et al., 1957).

Statistical analysis

The statistical analyses of the raw data obtained in
this study were made using the SPSS 17.0 software
package. The statistical significance of the groups
was determined by one-way analysis of variance
(ANOVA). The dose-dependent differences of the in
vitro digestion parameters were detected with polyno-
mial contrast analysis (linear, quadratic and cubic).
When statistical significance was detected, Tukey’s

Table 1. Chemicalcomponents of Laurusnobilis L. volatileoil

Retention Time (RT) Rate (%) Components
12.90 5.18 a-pinene
13.08 0.47 a-thujene
17.51 4.73 B -pinene
18.53 7.57 sabinene
22.01 6.33 a-terpineol
24.43 42.82 1,8-cineole
26.41 0.66 y -terpinene
28.14 2.34 p-cymene
28.83 0.22 terpinolene
40.72 1.01 trans-sabinenehydrate
45.91 3.18 linalool
47.18 0.22 pinocarvone
49.24 2.71 4-carvomenthenol
52.11 0.26 pinocarveol, trans
54.31 1.02 camphene
54.37 12.99 a-terpinylacetate
54.49 0.32 exo-norborneol
55.47 0.37 nerylacetate
65.05 0.55 caryophylleneoxide
65.66 1.56 methyleugenol
67.97 0.30 spathulenol
68.96 1.28 eugenol
69.13 0.47 a-elemene
70.07 0.31 a-eudesmol
70.32 0.79 B -eudesmol
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multiple range test was performed as a multiple com-
parison test. The p-level for statistical significance
was set below 0.05 (P<0.05).

Results

The dried alfalfa used in this study was determined to
contain 94.38% dry matter, 7.13% crude ash, 3.4%
crude fat and 20.44% crude protein. The chemical
composition of the laurel volatile oil used in this study
is presented in Table 1. The major components of
this oil, in order of share, were determined as follows:
1,8-cineole (42.82%), o-terpinyl acetate (12.99%),
sabinene (7.57%), a-terpineol (6.33%), and B-pinene
(4.73%).

Erciyes Univ Vet Fak Derg 2020; 17(3): 283-289

The effects of the different doses of laurel volatile oil
(Laurusnobilis L.) on in vitro gas production, ammo-
nia nitrogen level and protozoa count at the end of a
24 h-incubation period are shown in Table 2. The
results obtained in the present study demonstrated
that different doses of laurel volatile oil resulted in
statistically significant differences. The first, second
and third doses of laurel volatile oil were determined
to have decreased gas production by rates of 20.8%,
7.3% and 7.4%, respectively (P<0.05).The addition of
50 mg/L of laurel volatile oil decreased total gas and
methane production (ml), organic matter digestion
(OMD), and metabolic energy (ME) values. On the
other hand, the addition of this oil at levels of 100 mg/

Table 2. The effect of laurel volatile oil on the in vitro digestion parameters of alfalfa hay

TGP (ml/0.2 Methane Methane (ml) ME (MJ/kg OMD (%) NH;-N Protozoa
g DM) (%) DM) (mg/dl)
Lo 42.21+41.92°  22.06+0.23 9.31+0.43% 8.98+0.26°  67.02+1.70°  47.82+0.23° 2.72+0.10
(control) ¢
L50 33.39+0.6° 25.25b¢o.25 8.43+0.22° 7.78+0.08°  59.18+0.53°  43.79+1.84°°  2.54+0.13
L100 39.1141.172 24.70b10.46 9.66+0.37% 8.56+0.15°  64.27+1.04°  41.85+0.64° 2.53+0.23
L200 39.06+1.39°  26.77+0.41 10.45+0.37° 8.55+0.19°  64.22+1.24°  4575+1.93°®  2.80+0.25
a

SEM 1.008 0.460 0.253 0.137 0.896 0.912 0.904
P-values
L NS ** NS NS * NS
Q *kk NS * *kk dkk
C kK Kk NS *kk dkk

L0, L50, L100, L200: Groups added 0 (control), 50, 100, and 200 mg/L of laurel volatile oil, respectively.

TGP: Total gas production (24h ml/ 0.2 g DM), CH,4: methane production as a percentage of total gas produc-
tion, ME: Metabolic energy as MJ/kg DM, OMD: Organic matter digestibility as %, NS: non-significant.
*Differences between the average values indicated with different letters in the same column are statistically sig-
nificant (P<0.05).

** Differences between the average values indicated with different letters in the same column are statistically
significant (P<0.01).

*** Differences between the average values indicated with different letters in the same column are statistically
significant (P<0.001).

Table 3. The effect of laurel volatile oil (Laurusnobilis L.) on ruminal fermentation characteristics

LO (control) L50 L100 L200 SEM P value
TVFA 101.78+£1.19  97.75+0.75° 98.68+1.15° 98.31+1.39¢ 1.159 **
AA 52.65+0.97 51.20+0.96 52.38+0.79 51.03+0.67 0.427 NS
PA 24.85+1.08 20.81+1.26 23.70+0.61 21.21%0.51 0.601 NS
BA 17.59+0.29° 13.98+0.65°  13.87+0.61% 11.98+79° 0.592 **
OFA 3.76 1.59 3.38 4.75 0.393 NS
AA/PA 2.11 2.46 2.23 2.41 0.227 NS

L50, L100, L200: Groups added 50, 100, and 200 mg/L of laurel volatile oil, respectively, to rumen fluid.

TVFA: (as mmol/L rumen fluid) total volatile fatty acids comprise of acetate + propionate + butyrate + iso-
butyrate + valerate + iso-valerate; OFA: other fatty acids comprise of iso-butyrate + valerate + iso-valerate; AA:
acetic acid, PA: propionic acid, BA: butyric acid, AA/PA: acetate / propionate

* Differences between the average values indicated with different letters in the same row are important

** Differences between the average values indicated with different letters in the same row are statistically signifi-
cant (P<0.05).
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L and 200 mg/L was observed not to alter the in vitro
total gas, methane (ml), ME and OMD values
(P<0.05). While ruminal ammonia nitrogen levels
decreased in Groups L50 and L100, no alteration
was detected in Group L200 (P<0.05). Ruminal proto-
zoa counts were ascertained not to have been affect-
ed by the addition of laurel volatile oil within a range
of 50-200 mg/L (P>0.05).

As shown in Table 3, the different doses of laurel
volatile oil (Laurusnobilis L.) added to ruminal fluid
significantly reduced the total volatile fatty acid
(TVFA) and butyric acid levels (P<0.05). The dose
most effective on ruminal fermentation was 50 mg/L.

Discussion and Conclusion

Volatile oil derived from the leaves of laurel trees,
native to the Mediterranean coastline, is reported to
have antibacterial effect, owing to the very high levels
of 1, 8-cineole (42.82%), a-terpinyl acetate (12.99%),
sabinene (7.57%), and a-terpineol (6.33%) it contains
(Tural and Turhan, 2017). The volatile oil profile of
laurel leaves from similar locations and the chemical
composition of laurel volatile oil are to a great extent
similar to those determined in the present study
(Sangun et al., 2007; Ayanoglu et al., 2010; Karik et
al.,2015).

Gas production during in vitro incubation is generally
considered to be a good indicator of ruminal degrada-
bility, fermentation and microbial activity, as higher
gas levels indicate better nutrient sources for rumen
microorganisms (Makkar et al., 1997). At the end of
the study, it was determined that all of the laurel vola-
tile oil (Laurusnobilis L.) levels tested had decreased
gas production. Some researchers have reported
increased gas production during in vitro incubation
with other plant extracts rich in secondary metabo-
lites (Jiménez-Peralta et al., 2011; Sallam et al,,
2010).Limited data is available on the effect of laurel
extract on in vitro ammonia nitrogen production, yet
in vivo research has shown that, based on compari-
son with controls, ruminal NH;-N and CH, levels sig-
nificantly decrease with the use of volatile oils (Manh
et al., 2012). In the present study, when compared to
the control group, methane levels (ml) were deter-
mined to have significantly decreased in Group L50
(P<0.01). This result, which agrees with previous
studies reporting reduced methane emissions with
the use of volatile oils (Ravindra et al., 2009; Patra
and Yu, 2012), was attributed to the high level of 8-
cineole (42.82%) found in laurel leaves. Plant ex-
tracts and their administration doses should be se-
lected in a way to avoid any negative effect on rumi-
nal fermentation and feed durability. When used for
dietary supplementation, volatile oils should induce a
positive effect by reducing ammonia concentrations
in the rumen. Although there is not enough literature
on the effect of laurel essential oil on rumen parame-
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ters, the laurel volatile oil (Laurusnobilis L.) used in
the present study was observed to have shown a
positive effect by decreasing ruminal ammonia levels
without affecting ruminal protozoa counts (Mandal et
al., 2016; Onel and Aksu, 2017).

In the current study, the molarities of TVFA in rumen
(98-102 mmol/L) in the fermentation process of alfalfa
herbage was at an ideal level for the normal ruminal
ecosystem (Kara et al., 2018). The fact that the laurel
volatile oil does not have a negative effect on acetate
and propionate levels indicates that it does not have
a negative effect on digestibility. On the other hand,
decreasing the butyric acid level of the herb doses
decreased the TVFA molaritiesin fermentation fluid.

In view of digestibility, protozoal growth and reduced
ammonia levels having been reported to be inhibited
by the chemical composition of the plant (Tural and
Turhan, 2017), the nitrogen-decreasing effect of lau-
rel volatile oil (Laurusnobilis L.) was attributed to it
most possibly inhibiting the growth of ammonia-
producing bacteria. On the other hand, different from
the results of in vitro research, several studies con-
ducted in cattle and sheep have demonstrated that
volatile oils do not affect bacterial nitrogen levels
(Benchaar et al., 2006; Newbold et al., 2004). In re-
sult, it was determined that the addition of 50 mg/L of
laurel volatile oil to the rumen fluid showed relatively
adverse effects on the in vitroruminal gas production
of alfalfa herbage as well as on digestion parameters,
yet also produced an antimethanogenic effect. There
is a need for the positive effects of these plants and
their extracts to be extended to in vivo conditions and
to be tested in long-term studies.

Acknowledgements: The authors would like to
thank Professor D. Alpaslan KAYA from the Medici-
nal Plants Section of the Arable Crops Department of
Hatay Mustafa Kemal University for identifying plant
species.
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Ozet: Bu arastirmanin amaci, izmir ili merkez ve ilgelerinde bulunan hastaliktan ari siit sigiri isletmelerinin yapisal 6zel-
liklerini belirlemektir. Bu amacla hastaliktan ari sertifikasi olan stt sigiri isletmesi sahipleriyle anket ¢calismasi yapilimig-
tir. Anket formunda; isletme yapisina ve personele yonelik bilgilerle, yemler ve yemleme yontemlerine dair sorular yer
almigtir. Calismada, igletme sahiplerinin %58.8’inin 50 yas ve lizerinde oldugu belirlenmistir. isletme sahiplerinin 6nem-
li bir Kisminin lisans veya lisanslstu (%54.7) egitime ve 10 yil veya Uzeri (%57.8) deneyime sahip olduklari saptanmig-
tir. isletmelerin %82.6’s1 modern ahirlara sahip olup, %70.2’sinde buzagi kuliibesi kullaniimaktadir. Ayrica isletmelerin
%93.5'inin silajini kendi imkanlari ile yapti§i ve silajlarin havuz tipi beton silolarda hazirlandigi belirlenmistir. isletmele-
rin %40.5'inde yonca ekildidi ve yonca hasadinin genellikle ciceklenme baslangicinda (%64.7) yapildig: tespit edilmis-
tir. Bunun yaninda isletmelerin %60.5'inde silajlik misir ekimin yapildigi ve hamur olum (%48) veya sert dane (%44)
déneminde hasat edildigi belirlenmistir. Kaba yemler hayvanlara genel olarak pargalanmig halde ve iki 6ginde veril-
mektedir. Yemler, hayvanlara genellikle 6I¢ili olarak veriimekte olup, isletmelerin %59.5'inde verilecek yem miktari st
verimi gdz éniine alinarak belirlenmektedir. Sonug olarak, izmir merkez ve ilgelerinde bulunan hastaliktan ari siit sigiri
isletmelerinin genel olarak ortalamanin Gzerinde standartlara sahip olduklari sdylenebilir.

Anahtar kelimeler: Hastaliktan ari, sit sigir igletmeleri, yapisal 6zellikler

Structural Characteristics of Disease Free Dairy Cattle Farms in Izmir Province

Summary: The aim of this research is to determine the structural features of disease-free dairy cattle farms in the cen-
tral and districts of izmir. For this purpose, a survey was conducted with dairy cattle farms owners who have been dis-
ease free certificate. The questionnaire included questions about the structure and staff information, feed and feeding
methods. In the study, it was determined that 58.8% of the business owners are 50 years old or over. It is determined
that a significant portion of the business owners have undergraduate or graduate (54.7%) education and 10 years or
more (57.8%) experience. 82.6% of the farms have modern stables and calf huts are used in 70.2%. In addition, it was
determined that 93.5% of the farms made silage with their own facilities and most of the silage was prepared in con-
crete pool type silos. It was determined that clover was planted in 40.5% of the farms and the harvest was generally
made at the beginning of flowering (64.7%). In addition, it was determined that 60.5% of the farms were planted silage
corn and they were harvested in the period of dough (48%) or hard grain (44%). Roughages are generally given to the
animals in total mixed feed and in two meals, roughly divided. Although feeds are usually given to animals in modera-
tion, the amount of feed to be given to animals in 59.5% of the establishments is determined by considering milk yield.
As a result, disease-free dairy cattle farms in Izmir center and its districts generally come to the fore with their stand-
ards above average.

Key words: Dairy cattle farms, disease free, structural features

Girig 6nemli bir hayvancilik alt sektéridur (Torgut ve ark.,

2019). Ayrica hayvansal kaynakh kaliteli gida Gretimi-
Sit sigirciiginda arzu edilen verimin elde edilmesi ve ne katkisi da oldukca 6nem arz etmektedir. Sut sigir-
surGnin devami basarili bir suri yonetimi ile mim- cihg isletmelerinde, isletmenin mevcut kapasitesi,
kinddr (Akman, 1998). Sit sigirciigi; yil boyu gelir ireticinin egitim diizeyi, isgiici niteligi, deneyim, bari-
elde edilmesi, gida sektorl iginde onemli bir uretim nak sartlari, kaliteli ve yeterli yem temini, dustik girdi
degerine sahip olan sit ve sut Urinleri endustrisine maliyeti gibi faktdrler karli ve verimli bir Giretimi dogru-
ham madde saglamasi, yem, giyim, ilag ve makine dan etkilemektedir (Murat, 2011). Ulkemizde ise hay-
sanayi igin pazar olanag: olusturmasi gibi nedenlerle  yancilik isletmelerinin biyiik gogunlugunda barinma
Ulke ekonomisine sagladigi katma deger agisindan kosullarinin sagliksiz olmasi, kaba yem acigi, kesif

yem Uretiminde kalitesiz ham madde kullanimi, ba-
kim ve besleme konularinda bilgi yetersizligi, vasifl
isci bulunmamasi, hayvancilik igletmelerinin ¢cogunlu-
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gunun kigik aile isletmeleri olmalari belli basl sorun-
lardandir.

Bu arastirmada, izmir ili Tarim ve Orman Midiirligu-
ne kayitli hastaliktan ari sut sigiri igletmelerinde yapi-
lan anket calismasi ile teknik, ekonomik ve yapisal
sorunlari belirlemek ve degerlendirmek suretiyle ge-
rek isletme sahiplerine gerekse sektorle ilgili tim ku-
rum ve kuruluglara faydali olacak bilgilerin ortaya
konulmasi amaglanmistir.

Gereg ve Yontem
Hastaliktan ari siit sigir1 isletmesi

Hastaliktan ari sut sigin isletmesi; isletmede bulunan
tim hayvanlarda 6 ay ara ile yilda iki kez tiberkiloz
ve brusella hastaliklari yoninden testler yapildiktan
sonra  Tarim illilge  mudirldkleri  tarafindan
“Hastaliktan ari saglik sertifikasi” verilen igletmelerdir.

Arastirma Izmir ili merkez ve 14 ilgesindeki (Bayindir,
Foga, Glzelbahge, Kemalpasa, Menderes, Mene-
men, Seferihisar, Selguk, Torbali, Urla, Bergama,
Beydag, Odemis, Tire) hastaliktan ari siit sigir islet-
melerinde yapilmistir. Arastirmanin materyalini, izmir
ili merkez ve ilgelerinde hastaliktan ari sut sigin islet-
melerinden anket yoluyla elde edilen; isletme sahip-
lerine ve isletme yapisina iligkin bilgilerle, yem bitkile-
ri dretimi ve temini ile yemleme yontemlerine iligkin
veriler olusturmaktadir.

Calismada, izmir ili merkez ve ilgelerinde hastaliktan
ari sut sigin isletmelerinin yapisal durumlari, ahirlarin
yapisi ve fiziki kosullari, isletme sahipleri ve persone-
le dair genel bilgiler, hayvanlarin beslenmesinde kul-
lanilan yemler, yemlerin Uretimi, hasat edilmesi ve
saklanmasi ile yemleme ydntemlerinin tespitine yone-
lik sorulardan olugan anket formu hazirlanmigtir. An-
ketlerin uygulanacag isletmeler, izmir ilinde bulunan
61 adet hastaliktan ari sut inegi ¢iftligi arasindan se-
cilmigtir. Bu igletmelerle 6n gérisme yapilmis ve
arastirmaya katilmayi kabul eden 47 isletmede anket
calismasi yapilmisgtir. Anket sorularina verilen cevap-
lar degerlendirilerek belirlenen % oranlar tablolarda
gosterilmigtir.

Bulgular

Isletme sahibi ve personel ile isletme yapisina ait
genel bilgiler

Yapilan arastirma sonucunda isletme sahibi ve iglet-
mede calisan personel hakkinda elde edilen bilgiler
Tablo 1'de sunulmustur. izmir ilinde hastaliktan ari
sut sigir isletme sahiplerinin yaslarinin blylk oranda
(%58.8) 50 yas ve Uzerinde oldug@u, yine igletmecile-
rin %54.7 (%47.6+%7.1) gibi 6nemli bir kisminin li-
sans veya lisansistli egitime sahip olduklar goril-
mustir. Ayrica isletmecilerin %57.8'inin 10 yil veya
Uzeri deneyime sahip olduklari belirlenmigtir. Hasta-
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liktan ari sut sigin igletmelerinin %53.3’Unln veteriner
hekim istihdam ettigi belirlenmistir. Isletmelerin co-
dunda (%51.1) en fazla 5 isginin calistigi ve egitim
seviyelerinin genellikle ilkokul (%43.5) ve ortaokul (%
32.6) oldugu saptanmistir.

Tablo 1. isletme sahibi ve personel ile ilgili bilgiler

Yas %
25-49 yas arasi 41.2
49-50 yas ve uzeri 58.8
Isletmecinin egitim durumu
ilkokul 16.7
Ortaokul 4.8
Lise 23.8
Universite 47.6
Yiksek lisans / Doktora 71
Deneyim (yil)

0-10 42.2
11-20 42.2
21 yil ve Uzeri 15.6

Danisilan kisi veya kurum

Veteriner hekim* 63.1

Ziraat miUhendisi 10.9
Her ikisine de’ 13.0

Tarim kurumlarina? 13.0

Veteriner hizmeti kargilanmasi
Serbest veteriner hekim 46.7
isletmede istihdam 53.3
Isletmede cgalisan personel sayisi (kisi)

0-5 51.1
6-10 19.1
11-15 6.4
16-20 21

21 ve Uzeri 21.3
Personelin egitim diizeyi

ilkokul mezunu 435
Ortaokul mezunu 32.6
Lise mezunu 17.4
Lisans/Ylksek lisans mezunu 6.5

"Hem V_eteriner_ hekim, hem de Ziraat miihendisine
2Tarim il veya ilce Mudiirliklerine, Universitelere, Yem Fab-
rikalarina

isletmelerin genel ve yapisal durumlari hakkinda bil-
giler Tablo 2. de verilmistir. isletmelerin %82.6’sinda
ahirlarin modern gériinime sahip oldugu ve %
70.2’sinde buzagi kulGbesinin bulundugu tespit edil-
migtir. Diger yandan incelenen ahirlarin zemininin %
42 .2’sinin beton, %55.6’sinin ise beton+toprak oldu-
du, gubre temizliginin %60.9 oraninda mekanik siyiri-
cilarla ve genellikle (%76.1) her gin yapildig belir-
lenmistir. incelenen igletmelerin %75.6’sinda durakla-
rin serbest saksakl oldugu ve sulamanin ad libitum
(%89.2) olarak otomatik suluklarla (%73.9) yapildig
tespit edilmigtir.


http://tr.wikipedia.org/wiki/Bay%C4%B1nd%C4%B1r,_%C4%B0zmir
http://tr.wikipedia.org/wiki/Fo%C3%A7a
http://tr.wikipedia.org/wiki/G%C3%BCzelbah%C3%A7e
http://tr.wikipedia.org/wiki/Kemalpa%C5%9Fa,_%C4%B0zmir
http://tr.wikipedia.org/wiki/Menderes,_%C4%B0zmir
http://tr.wikipedia.org/wiki/Menemen,_%C4%B0zmir
http://tr.wikipedia.org/wiki/Menemen,_%C4%B0zmir
http://tr.wikipedia.org/wiki/Seferihisar
http://tr.wikipedia.org/wiki/Sel%C3%A7uk
http://tr.wikipedia.org/wiki/Torbal%C4%B1
http://tr.wikipedia.org/wiki/Urla
http://tr.wikipedia.org/wiki/Bergama
http://tr.wikipedia.org/wiki/Beyda%C4%9F,_%C4%B0zmir
http://tr.wikipedia.org/wiki/%C3%96demi%C5%9F
http://tr.wikipedia.org/wiki/Tire,_%C4%B0zmir
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Tablo 2. isletme yapisina ait genel bilgiler
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Tablo 3. Isletmelerde kullanilan yemler

Buzagi barinagi % Yemi hazir mi aliyorsunuz? %
Buzagi kuliibesi 70.2 Evet 57.8
Buzagi bdlmesi 23.4

Padok 6.4 Hayir 42.2
Ahir tipi Konsantre yemi nereden aliyorsunuz ?

Modern 82.6 Ozel bayi 51.2
Eski tip 17.4 .

Ahir zemini Fabrika 41.5
Beton 42.2 Kooperatif 7.3
Toprak 2.2 Konsantre yem nerede depolaniyor ?

Beton ve toprak 55.6 Yem deposunda 86.7
Giibre temizligi Diger 133
Elle 4.3 — :
Mekanik gubre siyiricisiyla 60.9 gletmede silaj yapihyor mu?

Traktorle 34.8 Evet 935
Giibre temizligi sikhg: Hayir 6.5
Gunlik 76.1 Silo tipi

:;ffs“k 14?536 Beton havuz 93.5
Ahir durak tipi Diger (top silaj, toprak Ustli naylon altr) 6.5
Serbest saksakl 75.6 Kaba yem kaynag y
Serbest saksaksiz 24.4 Kendi tretimi 14.8
§u tiiketimi 426
Bgunla 108 Satin alma .
Ad-Libitum 89.2 Hem (retip hem satin alma 42.6
Suluk tipi Kaba yem nerede depolaniyor?

Otomatik 73.9 Acik havada értii altinda 21.7
Yalak 26.1 Yem deposunda 78.3
isletmelerde kullanilan yemler, yem bitkilerinin Hayvanlari meraya gikariyor musunuz?

temini ve yemleme teknikleri Evet 71
isletme girdilerinin biiyiik bir kismini olusturan yem- Hayir 92.9

lerle ilgili bilgiler Tablo 3’te verilmistir. Calismada,
isletmelerin %92.9’unun hayvanlari meraya ¢ikarma-
digi belirlenmigtir. Isletmelerin %57.8'i yemi hazir
alirken; %42.2'si kendi yemini kendi hazirlamaktadir.
isletmelerin %93.5'inin silajini kendi imkanlari ile yap-
tig1 ve silajlarin havuz tipi beton silolarda hazirlandigi
belirlenmistir. Isletmelerin konsantre yemi veya yem
hammaddelerini genellikle 6zel bayilerden (%51.2)
veya yem fabrikalarindan (%41.5) aldiklan belirlen-
migtir. Diger yandan igletmelerin kaba (%78.3) ve
konsantre yemlerini (%86.7) yem depolarinda sakla-
diklari saptanmigtir.

Yem bitkileri ekimi, hasat ve saklanmasina iligkin
bulgular Tablo 4'te gdsteriimistir. Isletmelerin %
40.5'in de yonca ekildigi ve yonca hasadinin gigek-
lenme baslangicinda (%64.7) yapildidi belirlenmistir.
Bunun yaninda isletmelerin %60.5’'inde de silajlik
misir ekiminin yapildigi ve hamur olum ( %48) veya
sert dane (%44) ddéneminde hasat edildigi saptan-
mustir. isletmelerin %62.2’sin de hasil elde etmek icin
ekim yapilmaktadir. Haslil elde etmek icin ekilen bitki-
lerin hasadi ise %42.1 oraninda basaklanma &ncesi,
%36.8 oraninda sut olum déneminde yapilmaktadir.

Yesil otlarin kurutulmasi i¢in genellikle ( %97.1) tarla-
da yerde kurutma metodu uygulanmaktadir.

Yemleme ile ilgili bilgiler Tablo 5’te verilmistir. Kaba
yemler genel olarak, kabaca (27.6) veya ince (59.6)
parcalanmis olarak kullaniimaktadir. igletmelerin %
57.4’inde konsantre yem toplam karma yem (TMR)
icinde ve iki 6gin halinde verilimektedir. Kaba yem
kalitesini belirmede ¢ogunlukla yemlerin fiziksel kriter-
leri (renk, koku goériinus vb) dikkate alinirken; kon-
santre yemde kalite kriteri olarak beyan edilen veya
isletmecinin yaptirdigi analiz sonuglar gibi kimyasal
kriterler dikkate alinmaktadir. Hayvanlarin beslenme-
sinde genellikle (%71.1) hayvanlarin fizyolojik do-
nemlerinin dikkate alindigi ve yemlerin olgllerek veril-
digi (%100) tespit edilmistir. isletmelerin %59.5’in de
hayvana verilecek konsantre yem miktari stt verimi,
%40.5'in de ise hayvanlarin clsse, laktasyon dénemi
ve istah durumu dikkate alinarak belirlenmektedir.
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Tablo 4. Yem bitkileri yetigtiriimesi ve elde edilmesi
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Tablo 5. Yemleme ile ilgili bilgiler

Kaba yem verilme sekli %
Sap balyasi 12.8
Kabaca pargalanmis 27.6
Ince parcalanmig 59.6
Kaba yem kalitesi olgutii

Fiziksel 6zellikler’ 72.3
Kimyasal 6zellikler? 27.7
Konsantre yem kalitesi olgiitii

Fiziksel ézellikler® 40.4
Kimyasal ézellikler* 59.6
Hayvana verilen yem miktari

Olgill 100
Kaba yem 6giin sayisi

Glinde 2 6gUn 76.3
Giinde 3 6gun 10.5
Ad-libitum 13.2

Donemlerine gore besleme yapiliyor
mu?

Evet 71.1
Hayir 28.9
Konsantre yem 6giin sayisi

Giinde 2 6gun 77.8
Giinde 3 6gun 8.3
Ad-libitum 13.9
Yem verilme sekli

Toplam karma rasyon (TMR) 57.4
Diger 42.6
Konsantre yem verilme zamani

Sagim esnasinda 10.7
Sagim sonrasi 31.9
TMR 57.4
Konsantre yem verme kriteri

Sat verimi 59.5
Diger® 40.5

ile ilgili bilgiler

Yonca ekimi yapiliyor mu? %
Evet 40.5
Hayir 59.5
Yonca hasat zamani

Ciceklenme baslangici 64.7
%50 ciceklenme oldugunda 29.4
%100 giceklenme oldugunda 5.9
Misir ekimi yapiliyor mu ?

Evet 60.5
Hayir 39.5
Misirin bigim zamani

Sit olum 8.0
Hamur olum 48.0
Sert (dolgun) dane 44.0
Hasil ekimi yapiliyor mu?

Evet 62.2
Hayir 37.8
Hasil ekim amaci

Dane ve saman elde etmek 17.4
Kuru ot elde etmek 261
Silaj yapmak 30.4
Hem kuru ot hem silaj elde etmek 26.1
Hasat zamani

Basaklanma 6ncesi 421
St olum 36.8
Hamur olum 15.8
Taneli 5.3
Cevapsiz

Hasil ekim amaci

Dane ve saman elde etme 174
Kuru ot elde etme 26.1
Silaj elde etme 30.4
Hem kuru ot hem silaj elde etme 26.1
Kurutma metodu ( yonca, ot vb)

Tarlada 971
Sehpada 2.9
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® Clisse, laktasyon dénemi, istah

Tartisma ve Sonug

isletme sahibinin yatirnm ruhuna, igletmesini ve kendi-
ni gelistirme potansiyeline, yenilikleri ve teknolojiyi
takip etme ve uygulama hizina etki eden faktorler
arasinda egitim diizeyi ve yas 6n plana ¢ikmaktadir.
Bu bakimdan arastirmada ilk olarak isletme sahipleri-
ne yaslari ve egitim diizeyleri sorulmustur. isletmeci-
lerin yaslarinin %58.8 oraninda 49-50 yas ve Uzerin-
de olmasi, hayvancilik isletmelerinde isletmecilerin
yas ortalamasinin 41-50 arasinda oldugunu bildiren
¢alisma bulgulari ile uyumludur (Nizam, 2006; Kutlar
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ve Ozcatalbas, 2008; Sezer, 2019). izmir ilinde has-
taliktan ari sut sigin isletmelerinde isletme sahipleri-
nin énemli bir kisminin (%54.7) lisans (%47.6) veya
lisansustu (%7.1) egitime sahip olmasi Tirkiye'nin
farkh bolgelerinde yapilan ¢alisma bulgularindan fark-
Il bulunmustur. Daha 6nce yapilan anket calismalari-
nin gogunda isletmecilerin %50 den fazlasinin ilkokul
mezunu oldudu kaydedilmistir (Soyak, 2007; Nizam,
2006; Curabaz, 2009; Yener, 2013). Bu durum calis-
manin yapildigi bdlge, isletme turi ve Turkiye'de
zaman iginde egitim duzeyinin artigi ile iligskilendiril-
mistir. Ote yandan isletmecilerin %57.8'inin 10 yil
veya Uzeri deneyime sahip olmalar literatir bulgular
ile uyumludur (Nizam, 2006; Curabaz, 2009; Kutlar
ve Ozgatalbag, 2008).

Bir hayvancilik isletmesinde isletmecinin egitim dize-
yi kadar, personelin egitim duzeyi de isletmenin karli-
igini ve basarisini etkilemektedir. Sit sigiri isletmele-
rinde caligsan personelin kendisine verilen yénergeleri
dogru ve eksiksiz bir sekilde uygulamasi hem hayvan
sagligi hem verim miktari hem de kalitesini dogrudan
etkileyen unsurlardandir. Galisan personelin hayvan
davraniglarini ve O6zelliklerini bilmesi, c¢alisanin is
glvenligini artirarak hayvanlarin sevk ve idaresini
kolaylastinir. Siit sigin yetistiriciliginde hayvan refahi,
verimi ve sagligi agisindan bakici ile hayvan arasinda
onemli bir bag vardir. Calismada, isletmelerin %
51.1'inde en fazla 5 is¢ginin ¢alistigi ve isletmelerdeki
personelin egitim seviyesinin genellikle ilkokul (%
43.5) ve ortaokul (%32.6) dizeyinde oldugu belirlen-
mistir. Kutlar ve Ozgatalbas (2008) tarafindan yapilan
bir calismada da igletmelerde c¢alisan erkek persone-
lin %74.4’GUnin, kadin personelin ise %61.9'unun
ilkokul mezunu oldugu saptanmistir. Oziidogru ve
Tatlidil (2012)'in inceledigi isletmelerde galisan iscile-
rin %70-72 oraninda ilkokul mezunu oldugu kaydedil-
migtir. Literatir sonuglari arastirma bulgularini des-
teklemektedir.

Veteriner hekimler, hayvan hastaliklarinin tani ve
sagaltimi, koruyucu hekimlik uygulamalari gibi bircok
alanda ©6nemli gorevler yerine getirmektedirler
(Yener, 2013). Bu galismada, incelenen igletmelerin
buyuk bir kisminin (%53.3) bulnyelerinde veteriner
hekim istihdam ettikleri belirlenmistir. Veteriner hekim
istihdam etmeyen igletmelerde ise veteriner hizmetle-
rini serbest veteriner hekimlerden aldiklari belirlen-
migtir. Yener ve ark. (2013) da, hayvancilik igletme-
cilerin %93.9’unun suni tohumlama, dogum ve hasta-
liklarin tedavisinde serbest veteriner hekimlerden
faydalandiklarini  bildirmistir. isletmeciler asilama,
destekleme ve kiipeleme hizmetleri igin daha g¢ok
kamuda calisan veteriner hekimlerden, muayene,
tedavi, ilag alimi, glic dogum, yaralanma vb hizmetler
icin 6zel veteriner hekimlerden, danismanlik hizmet-
leri konusunda da Damizlik Sigir Yetigtiricileri Birli-
gi’'nde calisan veteriner hekimlerden faydalandiklarini
ifade etmislerdir.

Berrin KOCAOGLU GUCLU

Hayvancilik isletmelerinin, 6zellikle de biyiikbas ahir-
larinin en blylk sorunlarindan biri glibrenin temizlen-
mesidir. incelenen ahirlarin %42.2’sinin  zemininin
beton oldugu ve gubre temizliginin %60.9 oraninda
mekanik siyiricilarla ve c¢ogunlukla (%76.1) gunlik
yapildigi tespit edilmistir. Yener ve ark. (2013), Sanl-
urfa ilinde bulunan sGt sigir isletmelerinin - %
85.2’sinde beton, besi sigiri igletmelerinin %93'Unde
sikistiriimis toprak kullanildigini bildirmiglerdir. Tugay
ve Bakir (2006) ise Giresun yoresinde yaptiklari bir
calismada, sut sigiri igletmelerinin ahir zeminlerinin
%47.5'inin beton, %42.4’Gnin ahsap, %9.7’sinin top-
rak ve %0.5’inin tag materyalden olustugunu sapta-
mislardir. Kdse (2006)'nin yaptigi bir calismada islet-
melerin %84’Unde glbre temizliginin elle, %12’'sinde
traktorle, %4’Unde ise elektrikli siyirici ile yapildigi
belirlenmigtir. Bakir (2002) da Van ydresinde sigir
isletmelerinde gubre temizliginin yaygin olarak elle
yapildigini kaydetmistir. Nizam (2006)"in bir ¢alisma-
sinda da genel olarak igsletme basina 0,01 adet oto-
matik gubre siyirma dizenegi dustugu bildirilmistir.
Diger arastirma sonuglarn ( Bakir 2002; Kése 2006)
ile karsilastirildiginda yapilan bu ¢alismada incelenen
isletmelerin daha modern kosullarda ahirlarini temiz-
lemekte olduklarini séylemek mimkundur.

Blylkbas hayvanlari zapt etmek gli¢ oldugundan
duraklar sigirlarin kontroll igin gerekli aparatlardir.
incelenen igletmelerin %75.6 gibi biyik bir kisminin
duraklarinin serbest saksakl oldugu belirlenmigtir.
Kose (2006)'nin Usak ili ve ilgelerinde yaptigi galig-
mada da ahirlarin %76’sinin bagh durakli, %16’sinin
kapali serbest, %8’inin serbest tipten olustugu sap-
tanmustir. Bakir (2002) ise Van’daki buyikbas hayvan
isletmelerinin hi¢ birinde duraklarda yanlik demiri
bulunmadigi bildirmektedir. Nizam, (2006)'I1n yaptigi
arastirmada ise incelenen igletmelerin ahir tipinin %
39 oraninda serbest durakli oldugu bildiriimektedir.

isletme giderlerinin yaklagik %60-70’inin yem giderle-
rinden olustugu bilinmektedir. Yemini kendi hazirla-
yan veya meradan faydalanan isletmelerde karlilik
daha yuksek olacaktir. Oysa calismada incelenen
isletmelerden %92.9'u hayvanlari meraya gikarmadi-
g1 gibi % 57.8’ininde de yemi hazir aldigi saptanmis-
tir. Ruminantlarin 6zellikle de sut ineklerinin beslen-
mesinde ¢ok 6nemli olan kaliteli kaba yem ihtiyacinin
karsilanmasinda silaj bir cok ydnden avantajli bir yem
maddesidir. Turkiye’de halen istenilen dizeylerde
olmasa da silaj yapimi ve kullaniminin son vyillarda
arttigi sdéylenebilir. Yapilan ¢alismada isletmelerin %
93.5’in de silaj yapildigi ve silajlarin beton havuz tipi
silolarda saklandigi tespit edilmigtir. Bu oranin Turki-
ye ortalamasindan daha yiksek oldugu sdylenebilir.
Kose (2006)'nin yaptigi bir arastirmada Usak ilinde
bulunan isletmelerin %52’sinde silaj Gretimi yapilma-
digi belirlenmigtir. Silaj yapilan isletmelerde (%42)
ise genelde toprak Uustli gegici silolama yapildigi,
sadece %6’sinda betonarme silaj cukuru bulundugu
ifade edilmigtir. Van ilinde yapilan bir arastirmada ise
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isletmelerin hi¢ birisinde silaj deposu bulunmadigi,
yemlerin hayvanlara el arabasi ve guvallarla tasindigi
belirlenmistir (Bakir, 2002).

Kaliteli kaba ve konsantre yem temininin hayvanin
saghgini, verimini ve karliigini etkileyecegi ¢ok acik-
tir. Bu nedenle yem bitkileri ekimi, hasadi ve depolan-
masi bir igletme igin oldukga 6énemli bir konudur. Cu-
rabaz (2009)in Adana’da yaptigi bir arastirmada
isletmelerde yem bitkisi olarak genelde arpa, yonca,
fig ve yulaf yetistirildigi, isletme arazilerinin %13.04’
Une arpa, %3.90'Iina yonca, %3.35’ ine fig ve %0.24’
Une yulaf ekildigi belirlenmigtir. Oziidogru ve Tatldil
(2012), sut sigirciligi isletmelerinde kullaniimak tzere
yem bitkisi olarak yonca, fig, silajlik misir ayrica dane
yem ihtiyacini temin etmek Uzere tahillardan arpa ve
bugday yetistiriimekte oldugunu kaydetmislerdir. Ni-
zam (2006)'1n galismasinda da isletmelerin genelinde
silaj yapiminda da kullaniimasindan dolayr en ¢ok
misir ekimi yapildidi bildiriimistir. Bu ¢alismada da
isletmelerin %60.5’inde silajlik misir ekildigi ve hasa-
dinin da hamur olum (%48.0) veya sert (dolgun) dane
olum (%44) asamasinda yapildigi gortlmuistir. Aras-
tirmada yonca ekimi yapan igletmecilerin orani da %
40.5 olarak bulunmustur. Yonca hasadinin %64.7
oraninda gigeklenme baglangicinda yapildigi belirlen-
mistir. Isletmelerin %62.2’sinde ot hasili ekiminin
yapildigi, hasilin %30.4 oraninda silaj yapiminda
kullanildigi tespit edilmigtir. Arastirmada yesil ot ha-
sadinin %42.1 oraninda basaklanma 6ncesinde ya-
pildigi saptanmistir. Literatirde basaklanma &éncesi-
ne ilaveten tam gigeklenme déneminde de hasat edi-
lebilecegi bildirilmistir (Kaplan, 2013).

Yapilan bu ¢alismada hayvanlara verilecek konsantre
yem miktari bazi isletmelerde sadece (%59.5) inekle-
rin sut verimi g6z onune alinarak belirlenirken bazila-
rinda (%40.5) hayvanlarin ciisse ve igtahinin da dik-
kate alinarak belirlendigi saptanmistir.  Nizam
(2006)'In arastirmasinda ise incelenen isletmelerin %
21’inde tim hayvanlara yiyebildigi kadar yem verilir-
ken; %32’sinde verim gruplarina gére, %47’sinde ise
verime gore bireysel yemleme yapildidi belirlenmistir.

izmir bélgesindeki igletmelerin konsantre yemi énce-
likle 6zel bayilerden (%51.2), sonra yem fabrikalarin-
dan (%41.5) aldiklar belirlenmistir. Diger yandan
isletmelerin kaba (%78.3) ve konsantre yemleri (%
86.7) yem depolarinda sakladiklari ve yemleri alirken
buyuk oranda (%69.7) fiyat, kalite, guiven, ydnetim
gibi fiziksel ozelliklere bakarak aldiklar anlagiimakta-
dir.

Yapilan calismada isletmelerin %76-77 sinde kaba
veya konsantre yemin iki 6ginde verildigi belirlenmis-
tir. Onal ve Ozder (2008) de Edirne ili ve ilgelerindeki
Damizlik Sigir Yetigtiricileri Birligine kayith isletmeler-
de yaptiklari galismada isletmelerin %63.2’sinde gun-
de iki, %31.6’sinda giinde Ug¢ defa yemleme yapildigi-
ni belirlemiglerdir.
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Calismada elde edilen bulgularin bazi literatiirlerden
farkh olmasi isletmelerin bulundugu bodlge, arazi mik-
tari ve yapisi, cografi yapi, sosyo-ekonomik durum,
isletme tipi, yetistiricilerin farkli tercih ve biling diizey-
lerine sahip olmalarindan kaynaklanmis olmasi muh-
temeldir.

Sonug olarak, bu arastirmada Izmir ili ve ilgelerinde
hastaliktan ari sut sigircihdi isletmeleri sahiplerinin
egitim dizeylerinin yiksek oldugu, biyuk bir kismin-
da veteriner hekim istihdam edildidi, isletmelerinin
modern yapida oldugu, silaj yapiminin yaygin oldugu
ancak bunlarin karh bir hayvancilik igin yeterli olmadi-
g1 6zellikle kendi yemini Uretmeleri konusunda tesvik
edilmeleri gerektigi sonucuna variimigtir.
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inkiibasyon Cikis Asitliginin Geleneksel Olarak Uretilen Siizme Yogurtlarin Bazi Kalite Ozellikleri
Uzerine Etkisi
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Atif yapmak igin: Yarall E, Cetiner $. Inkibasyon ¢ikis asitliginin geleneksel olarak Uretilen stizme yogurtlarin bazi
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Ozet: Arastirmanin amaci, inek sitiine 85 ‘C'de 1sil islem uygulayarak, bu sitlerden geleneksel yolla elde edilen siiz-
me yogurtlarin bazi kalite 6zellikleri lizerine, taze yogurt inkiibasyonu sonlandirma asitliginin (pH) etkisini arastirmaktir.
isletmeye gelen cig siitlerde, pH, laktik asit cinsinden titrasyon asitligi (‘'SH), % yag, % toplam kuru madde (KM) ve
renk degerleri (L*, a*, b*, ¢, H) belirlenmistir. Uretilen deneme siizme yogurt érneklerinde toplam KM (%), yag (%),
renk, pH ve randiman (%) degerleri dlgliimustir. Calismada yogdurt inklibasyon sureleri, inkiibasyon sonlandirma pH’si-
na (4.40, 4.20. 4.00) gore sirasiyla 279.33, 368.33 ve 788.07 dakika olarak Olgulmustir. Sizme yogurtta randiman
degerleri sirasiyla % 34.47, % 33.40 ve % 29.57 olarak hesaplanmistir. Stizme yogurtta KM oranlari sirasiyla % 24.30,
% 23.25, % 24.60 ve yag oranlari sirasiyla % 9.69, % 10.47 ve % 10.67 olarak tespit edilmistir. inkiibasyon gikis pH’si-
nin bu anlamda stizme yogurt érneklerinde KM ve yag Uzerine etkisi istatistiki olarak énemsiz bulunurken (P>0.05),
randiman (P<0.05) ve yogurt inkibasyon siresi (P<0.01) Uzerine etkisi istatiksel olarak 6nemli bulunmustur (P<0.01).
Slzme yogurtlarda yapilan renk élgimlerinde, ortalama L* dederi 94.44, a* degeri -1.66, b* degeri 9.43, c degeri 9.60
ve H degeri 100.14 olarak oOlgulmustir. Sonug olarak, yogurt Uretiminde inkiibasyon pH’sinin 4.40 veya 4.20 olarak
ayarlanmasi ve inkibasyonun bu seklide bitirilmesi igletmeler igin daha ekonomik ve avantajli olacaktir.

Anabhtar kelimeler: inkiibasyon, kimyasal ézellik, siizme yogurt

The Effect of Incubation Exit Acidity on Some Quality Properties of Traditionally Produced Strained Yoghurt
Summary: The aim of the research is to investigate the effect of fresh yogurt incubation finishing acidity (pH) on some
quality properties of traditional strained yogurt obtained from this milk by applying heat treatment at 85 °C. pH, °SH, fat
(%) dry matter (%) and color values (L *, a *, b *, ¢, H) were determined in raw milk. Total dry matter (%), fat (%), color,
pH and production yield (%) were measured in the samples of trial strained yogurt produced. In the study, yogurt incu-
bation times were recorded as 279.33, 368.33 and 788.07 minutes, respectively, according to incubation finishing pH
(4.40, 4.20. 4.00). The yields of the strained yoghurt were calculated as 34.47%, 33.40% and 29.57%, respectively,
according to the incubation output pH. The dry matters in strained yoghurt were identified as 24.30%, 23.25%, 24.60%,
and fat ratios were 9.69%, 10.47% and 10.67%, respectively. In this sense, while the effect of incubation outlet pH on
dry matter% and fat% in strained yogurt samples was found to be statistically insignificant (P>0.05), the effect on effici-
ency (P<0.05) and yoghurt incubation time (P <0.01) was very important. In color measurements made in strained
yogurt, the mean L* value was 94.44, a * value was -1.66, b * value was 9.43, c value was 9.60 and H value was
100.14. .As a result, it will be more economical and advantageous for businesses to adjust the incubation pH to 4.40 or
4.20 and to complete the incubation in this way in yoghurt production.

Key words: Chemical properties, incubation, strained yoghurt

Girig mistir. Yogurt uretimi 2018 yilinda bir dnceki yila gére

%2.2 oraninda artarak 1.19 milyon ton olmustur. Kisi
Sutin laktik asit fermantasyonu yéntemi ile iglenerek basina yogurt tiiketimi ise 30.6 kg olarak hesaplan-
yogurda donustirilmesi oldukga eski bir yontemdir. mistir (Anonim, 2018). Konsantre yogurt tilkemizde
Ancak bu Griinde su oraninin yiiksek olmasi ve bak- “Torba Yogurt’ veya “Siizme Yogurt” olarak ifade
teri faaliyetlerinden dolayi raf émri sinirlidir. Bu ne- edilmektedir (Eralp, 1953; Yaygin, 1999; Terin ve
denle su oraninin azaltilarak konsantre yogurt elde Yavuz, 2015). Slizme yogurt yumusak ve kolay sirii-
etmek dlkemizde ve cesitli Ulkelerde kullanilan bir lebilen bir yapida olup kuru madde orani yiiksektir.
yontemdir (Atamer ve ark., 1988). Ulkemizde ¢ig slit  Protein yoniinden zengin olan siizme yogurtlarda
Gretimi 2018 yilinda 22.120.716 ton olarak hesaplan- renk, kullanilan siit tiriine gére beyazdan sariya de-

gismektedir. Uriin kendisine has tada, koku ve yapiya
sahiptir. Istege gore yag orani farkh yogurtlardan
(inek, koyun, kec¢i ve manda sitlerinden) Uretilebil-
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mektedir. Sizme yogurdun randimani %20-30 ara-
sinda degismektedir (Demirci ve Glindliz, 2000).

Slizme yogurt Uretiminde geleneksel olarak uygula-
nan metot uzun zaman almakta ve hijyenik kosullarin
saglanmasinda guglikler ortaya ¢ikmaktadir. Bu yén-
temde taze yogurt elde edildikten sonra 24 saat buz-
dolabi sicakhginda bekletilip bez torbalara aktaril-
makta ve 12-24 saat sure ile suztlmeye birakilmakta-
dir. Elde edilen Urindn kalitesi ise kullanilan ham-
maddeye, kultdr tipi ve oranina, Uretim metoduna ve
hijyenik kosullara goére degisim gdstermektedir
(Atamer ve ark., 1988; Becker ve Puhan, 1989).

Ulkemizde, geleneksel bir Griin olan siizme yogurt
Uretimi Uzerine yapilan ¢alismalarin sayisi gin geg-
tikge artmaktadir. Bu arastirmada amag, sabit isil
islem uygulanmis ¢ig sutlerden elde edilen taze yo-
Jurtlarda farkli inktibasyon ¢ikig asitliginin, bu yogurt-
lardan geleneksel yolla uretilen sizme yogurdun bazi
kalite 6zellikleri Uzerine etkisini aragtirmaktir.

Gere¢ ve Yontem

Calismada hammadde olarak kullanilan ¢ig inek sutd,
Aydin-Cine ilgesinde faaliyet gOsteren sut Ureticisin-
den temin edilmistir. Arastirmada elde edilen stizme
yogurtlar bu arastirma icin uretilmistir. Isletmeye ge-
len cig sitlerin Tirk Gida Kodeksi igme Siitleri Tebli-
g’ ne uygun kriterlere sahip oldugu belirlenmistir
(Anonim, 2019). Arastirma Kasim 2019 tarihinde bas-
lamis ve 9 hafta devam etmistir. Her parti ¢ig sitten
TS EN ISO 707-Siit ve Siit Uriinleri-Numune Alma
Kilavuzu’' na (Anonim, 2009a) goére partiyi temsil ede-
cek miktarda sut alinarak analizler gerceklestirilmistir.
Cig sut numunelerinde yapilan tim o6lgiimler 3 teker-
rur olarak gerceklestirilmistir. Alinan ¢ig sutlerde orta-
lama KM orani %11.70, ortalama SH deger 7.11,
ortalama pH degeri 6.72 ve ortalama yag orani %
3.72 olarak olglimustur.

Olgiimleri yapilan sitlere cift cidarli kazanda buhar ile
1sil islem uygulanmistir. Gelen sutler pisirme kazani-
na alinmis ve sicaklik 85 °'C ye ulastiginda 1sil iglem
sonlandiriimigtir. Isil islemi tamamlayan sit ayni ka-
zanda esanjor plakali 1s1 degistirici ile 48 ‘C’ye sogu-
tulmus ve ayni kazanda liyofilize yogurt kualtiri
(Jointec VH712, italya), inokiile edilmistir. Calismada
ticari kultir orani %60 Lactobacillus bulgaricus ve %
40 Streptecoccus thermophilus olacak sekilde kulla-
nilmis ve ilave edilecek kiltir miktari % 2 olarak be-
lirlenmistir. Kiltlr ilavesinden sonra pisirme kazanin-
dan inklibasyon dolabindaki c¢elik gligumlere gida
hortumu ile aktarilan inokile edilmis sit, inklibasyona
birakilmistir. inkiibasyon sicakhgi 45-46 ‘C’ ye ayar-
lanmis ve inklibasyonunun sonlandiriimasi pH kont-
roli ile yapilmigtir. Bunun igin inkiibasyon dolabina
yerlestirilen inokdle edilmis st numunesine pH metre
cihazinin probu yerlestiriimis ve asitlik dolap agilma-
dan takip edilmistir. Olgiilen pH degeri ilk (¢ hafta
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alinan sitlerden elde edilen taze yogurtlarda 4.40,
ikinci ¢ haftalik donemde alinan sitlerden elde edi-
len taze yogurtlarda 4.20 ve son Ug haftalik periyotta
alinan sutlerden elde edilen taze yodgurtlarda 4.00
degderine geldiginde inkibasyon iglemi sonlandiriimig-
tir. Inkiibasyonunu tamamlamis iriin bekletiimeden
10 °C’ nin altinda calisan buzdolabina alinarak 12
saat sure ile sogumaya birakilmistir. Sogutma igle-
minden sonra gugumlerdeki Urliin, sizme bezlerine
aktarilarak 24 saat boyunca slzllmesi saglanmis ve
sure sonunda elde edilen stizme yogurt tartilarak
toplam miktar (kg) belirlenmisgtir.

Yogdurt érneklerinin KM (%), titrasyon asitlidi (% laktik
asit), yag (%), Soxhlet-Henkel (°SH) ve pH analizleri
Metin (2012) tarafindan belirlenen yontemlere gére
yapilmistir. Kuru madde tayini icin RADWAG MA 50R
marka halojen nem tayin cihazi, pH élgimd icin kalib-
re edilmis MILWAUKEE MW 102 marka pH metre
cihazi kullanilmistir. Renk analizi 3NH TECHNOLO-
GIES NR200 model kolorimetre cihazi kullanilarak
gercgeklestiriimistir. Bunun igin alinan st numunesi
cihazin sivi kiti igin hazirlanan bélmesine aktariimig
ve renk Olgtimleri gergeklestirilmistir.

Siizme yogurt numunelerdeki KM orani halojen nem
tayin cihazi kullanilarak tespit edilmistir. Cihazin ka-
librasyonu ve ayarlari yapildiktan sonra cihazin uy-
gun bdlmesine yerlestirilen stizme yogurt 6rneginde
sonug cihazin ekranindan okunmustur. Asitlik Olgu-
minde pH metre cihazi kullanilmig ve cihazin pH:
4.00 ve pH: 7.00 tampon c¢dzeltiler ile kalibrasyonu
yapildiktan sonra uygun probu uriin numunesine dal-
dirilmis ve cihazdan pH degeri okunmustur. Ornekle-
rin 6lcim sicakhgdi 13-14 ‘Cdir.

Stzme yodurt 6rneklerinde yapilan yag tayini icin
gerber metodu kullanilmistir. Bunun igin yag butiro-
metresinin igerisine 10 ml HoSO4, 11 ml Y4 oraninda
sulandiriimis stzme yogurt ve 1ml amil alkol koyul-
mus ve aletin tipasi kapatiimistir. Butirometre alt st
edilerek asidin numuneyi yakmasi saglanmis ve bu
isleme renk tamamen kahverengiye donene kadar
devam edilmistir. Daha sonra biitirometre 1200 devir/
dakika hizla ¢alisan santrifijde 5 dakika santrifuj edil-
mistir. Okuma yapmadan 6énce 65-70 °C’ de bekletilen
tipln skalasindan okuma yapilmis ve sonug 4 ile
carpilmistir. Sizme yogurt érneginde renk tayini igin
renk dlcer cihazi kullaniimis ve cihazin okuma bélge-
si slizme yogurt numunesi Uzerine getirilerek L*
(parlaklik), a* (kirmizihk), b* (sarilk), ¢ ve H degerleri
okunarak kaydedilmistir. Stizme yogurttaki tim oI-
gumler 3 tekerriir seklinde yapilmis ve 6lgim sonug-
larinin ortalamasi ve standart hatalari alinmistir. Elde
edilen veriler kaydedilerek sonuglar istatistik olarak
PASW Statistics 18 programinda degerlendirilmigtir.
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Tablo 1. Cig sutiin bazi fizikokimyasal 6zellikleri

Ozellikler

inkiibasyon cikis pH 4.40 4.20 4.00
Toplam ¢ig sut miktan (kg) 571.00 555.00 589.00
Cig sut pisirme suresi ort. (dak.) 27.07 24.00 17.00
Cig sut KM orani ort.(%) 11.65 11.90 11.56
Cig sut SH degeri ort. 6.80 7.59 6.93
Cig sut pH degeri ort. 6.66 6.75 6.75
Cig sut yag orani ort.(%) 3.85 3.76 3.54
Cig sutte renk dlgimleri (ort.)

L* 84.47 58.06 60.74
a* -2.68 -0.90 -0.79
b* 4.05 7.37 7.41
c 4.60 7.42 7.44
H 115.88 96.80 96.12
Isil islem gérmus sitte renk dlgtimleri (ort.)

L* 76.89 58.72 61.03
a* -3.41 -1.71 -1.48
b* 3.78 6.81 7.11
c 5.27 7.02 7.22
H 133.40 104.10 101.75
inkiibasyon sicakligi (C) 46 46 46
Toplam serum miktari (kg) 375.98 370.59 414.74
Toplam stizme yogurt miktari (kg) 195.02 184.41 174.26
L*:Parlaklik, a*:kirmizilik, b*:sarilik, c:kroma, H:agi
Arastirmada belirlenen degerlere ait istatistik sonug- sirasiyla  %24.30+2.45, %23.25£1.27 ve %

lari Tablo 1’ de verilmistir. inkiibasyon gikis pH’sinin,
inkibasyon siresi ile elde edilen sizme yogurtlarin
randiman, KM, yag ve renk degerleri Uzerine etkisi
Tablo 2’ de verilmistir. Arastirmada elde edilen veriler
ele alindiginda, siizme yogurtta randiman degerleri
inkiibasyon ¢ikis pH'sina (4.40, 4.20. 4.00) gore sira-
siyla %34.47, %33.40 ve %29.57 olarak hesaplan-
mistir. Sizme yogdurtta 3 tekerrirli 6lglimlerde ortala-
ma yagsiz KM oranlari inkiibasyon ¢ikis pH’sina gére

24.60+0.91, ortalama yag oranlan sirasiyla %
9.69+0.78, %10.47+0.81 ve %10.67+0.93 ve ortala-
ma pH degerleri sirasiyla 3.83+0.03, 3.84+0.04 ve
3.97+0.17°dir. Yogurt inkiibasyon sureleri dakika ola-
rak sirasiyla 279.33129.56, 368.33x70.24 ve
788.07+143.64 olarak belirlenmistir. inkiibasyon cikig
pH’sinin bu anlamda suzme yogurt KM, yag ve pH
Uzerine etkisi 6nemsiz bulunurken, randiman
(P<0.05) ve yogurt inkiibasyon stresi (P<0.01) tzeri-

Tablo 2. inkiibasyon gikis pH’sinin inkiibasyon siiresi, siizme yogurt randiman, kuru madde, yag ve renk (izeri-

ne istatistiki etkisi

Ozellikler pH:4.40 pH:4.20 pH:4.00 Ortalama
INKS (dak.) 279.33+29.56** 368.33+£70.24** 788.07+143.64** 478.44+248.75
SYR (%) 34.47+1.68* 33.40+2.43 29.57+2.58* 32.48+2.97
SYKM (%) 24.30+2.45 23.25+1.27 24.60+0.91 24.04+1.58
SYY (%) 9.69+0.78 10.47+0.81 10.67+0.93 10.27+0.86
SYpHb 3.84+0.05 3.98+0.08 3.94+0.04 3.92+0.08
SYpH 3.8310.03 3.8410.04 3.97+0.17 3.88+0.11
L* 94.83+1.57 94.79+0.17 93.70+£0.47 94.44+0.99
a* -2.02+0.68 -1.93+0.14 -1.031+0.28 -1.66+0.60
b* 8.83+£1.05 9.391£0.15 10.0810.54 9.4310.81
c 9.08+1.08 9.59+1.73 10.5440.12 9.60+0.56
H 102.92+3.86* 101.60+0.75 95.91+1.84* 100.14+3.89

*P<0.05; **P<0.01; ***P<0.001. INKS: Siit inkilbasyon siiresi. SYR: Siizme yogurt randiman. SYKM: Siizme
yodurt KM. SYY: Suzme yogurt yag. SKM: Cig sit KM. SYpH: Stzme yogurt pH. SYpHb: Siizme yogurt buzdo-

labi ¢ikis pH
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ne etkisi ise istatistiki olarak 6nemli bulunmustur.
inkiibasyon cikis pH’sinin 4.00’ a disirilmesi 6zelik-
le randimanda azalmaya, elde edilen sizme yogurt
suyunda artigsa ve inkibasyon siresinin uzamasina
sebep oldugu ortaya konulmustur. Suzme yogurt
Orneklerinde Uretimin ¢ikis pH sina gbére ayni anda
yapilamamasi ve partiler arasi tretimin uzun sirmesi
nedeniyle duyusal analizler yapilamamistir.

Slizme yodurtta yapilan renk 6lgiimlerinde, ortalama
olarak L* degeri 94.44+0.99, a* degeri -1.66+0.60, b*
degeri 9.43+0.81, c degeri 9.60+0.56 ve H degeri
100.14+3.89 olarak dlgllmistir. inkiibasyon gikis pH
dederinin sadece H dederi lzerine etkisi istatistiki
olarak 6nemlidir (P<0.05). Arastirmada slizme yo-
gurtlarda L* ve b* degerinde yiksek degerler belirlen-
migtir. Yapilan bu ¢alismada, ¢ig ve 1sil islem gérmus
sutte yapilan renk dlgumleri sonucunda tespit edilen
degerler arasinda 6nemli derecede pozitif ve negatif
korelasyonlar saptanmistir (Tablo 3).

Erciyes Univ Vet Fak Derg 2020; 17(3): 297-302

(ac1) ise renk canliigini ifade etmektedir (Keskin ve
ark., 2017, Xrite, 2007). Cig sutun 1sil islem gérmesi
ile sutteki bilesenler (laktoz ve proteinler) etkilenmek-
te ve dogal olarak sut ve yogurdun renginde degisik-
likler meydana gelmektedir. Burdur ilinde sizme yo-
gurt Uretim teknolojisine yodnelik olarak yapilan bir
calismada, dért farkli isletmeden alinan siit numune-
lerinde ortalama olarak KM orani %11.31 ve SH 6.89
olarak hesaplarken bu sitlerden retilen siizme yo-
Jurtlarda toplam KM %21.90, yad %5.53, pH 3.69 ve
SH 79.98 olarak bulunmustur. Isletmede gig siitlere
85 "C de 15-20 dak. ve 95 'C de 20 dk. isil islem uy-
gulanirken, inkibasyon kis aylarinda 36-50 °C de, yaz
aylarinda 43-50 ‘C de gergeklestirimistir (Kirdar ve
Gln, 2001). Yapilan bagka bir arastirmada, Denizli
satilan siizme yogurtlardan 57 6rnek alinmis ve bun-
larin bazi kimyasal ve mikrobiyolojik 6zellikleri belir-
lenmistir. Arastirmada yaz ve kis sezonu torba yo-
Gurtlarinin KM igeriginin %14.00 ile %31.67 arasinda
degistigi gérulmastar. Ayni yogurtlarda titrasyon asitli-
gi %1.37 ile %2.41 arasinda, yag degeri %4.00-%

Tablo 3. Cig sit ve 1sil islem gérmiis sitte renk parametreleri arasindaki korelasyonlar

Isil Islem Goérmiis Siit

L* a* b* c H

Cig Sut L 0.910** -0.902** -0.941** -0.929** 0.955**

ig suta -0. . . . -0.

ig sut a* 0.874** 0.940** 0.985** 0.979* 0.984**
Cig sit b* -0.872** 0.939* 0.975* 0.973** -0.970**
Cig sitc -0.833** 0.909* 0.979* 0.974** -0.968**

ig sut . -0. -0. -0. .

ig sut H 0.852** 0.886** 0.781* 0.791* 0.801**

*P<0.05; **P<0.01; ***P<0.001. L*: Parlaklik degeri, a*: kirmizilik degeri, b*: sarilik degeri

Tartisma ve Sonug

Arastirmada inkibasyon ¢ikis pH'sinin 4.40 ve 4.20
olacak sekilde sonlandiriimasi, sizme yogurdun 6zel-
likleri ve randimani Uzerine etkili olmazken, pH'nin
4.00’a duslrulmesi elde edilen siizme yogurt suyun-
da artisa ve dogal olarak randimanda dususe sebep
olmustur. Bu olay pH’nin etkisinden kaynaklanmakta-
dir. ClnkuU proteinlerin su tutma kapasitesinde asitlik
onemli bir parametredir. Asitlik diizeyi, Urlniin yapi-
sinda ve serum ayrilmasinda etkili bir faktordir. Di-
suk asitlikte proteinlerin su tutma kapasiteleri yeter-
sizken, yuksek asitlikte s6z konusu Ozellikte azalis
gorulmektedir. Proteinlerin su tutma kapasiteleri 4.0-
4.6 pH araliginda artmakta, buna bagl olarak viskozi-
te duizelmekte ve serum ayrilmasi dislise gecmekte-
dir (Rasic ve Kurman, 1978).

Bu arastirmada slizme yogurtlarda hesaplanan yag,
KM, pH ve renk degerlerine ait sonuglar, bu konuda
yapillan bazi c¢alismanlar ile uyumluluk gdsterirken
(Kirdar ve Giin, 2001; Goékge ve ark., 2001), 6zelikle
KM ve yag orani agisindan bu galismada daha yUk-
sek oranlar kaydedilmistir. Renk olgiimlerinde L* de-
geri parlakligi ifade ederken (L*=0 siyah ve L*=100
beyaz), ¢ dederi renk (Chroma) degeri olup, H degeri
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10.40 arasinda degismistir (Gokge ve ark., 2001).
Isparta ve Burdur illerinden toplanan 22 adet siizme
yogurt érneginde yapilan bagka bir arastirmada, KM
%17.84-27.72, yad %?2.00-7.45, titrasyon asitligi %
0.78-2.00 ve pH 3.65-4.22 arasinda bulunmustur.
Calismada renk Olglimlerinde L degeri 91.97, a* de-
geri -2.10 ve b* degeri 8.16 olarak belirlenmigtir
(Simsek ve ark., 2010). Farkh asitliklerdeki yogurtlar-
dan torba yogurt Uretimi seklinde yapilan bir aragtir-
mada, torba yogurtlardaki asitligin 6nemli derecede
etkilendigi (P<0.05) gériulmus, torba yogurtlarda orta-
lama pH degeri 3.60, KM % 17.24 ve yagd % 5.08
olarak hesaplanmistir (Sahan ve ark., 2004).

Atamer ve ark. (1988), Ankara’da tiketime sunulan
siizme yogurtlarda yaptiklar galismada, 2 Ornekte
ortalama toplam KM yi %19.41+£3.12, yagd degerini %
2.54+2,54, pH'y1 3.52+0.13 ve titrasyon asitligini ise
%2.26+0.25 sut asidi olarak belirlemislerdir. Torba
(stizme) yogurt Uretiminde yapilan bir baska arastir-
mada, KM igerikleri %12.75, %14.06 ve %15.50 olan
yogurtlardan Uretilen torba yogurtlarda KM oranlari
sirasiyla %24.67, %23.11 ve %22.58; yag oranlari %
8.15, %7.5 ve %8.84 olarak bulunmustur (Atamer ve
ark., 1990). Kirklareli ve civarinda uretilen 26 adet
yogurt drnegdinin bazi fizikokimyasal ve mikrobiyolojik
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Ozellikleri belirlenerek Tirk Gida Kodeksi'ne uygunlu-
gu acisindan degerlendirildigi bir arastirmada ise,
yogurt dérneklerinin pH degeri 3.90-5.25, laktik asit
cinsinden asitlik degeri %0.10-1.88 arasinda bulun-
mustur (Cetin ve ark., 2014). Konya ilinde yapilan
diger bir arastirmada, 45 adet stizme yogurt numune-
si incelenmis ve numunelerde KM, yag ve laktik sit
cinsinde asitlik degerleri sirasi ile % 19.06-%32.04, %
7.00-%16.2 ve 1.53-2.25 araliginda bulunmustur
(Tekinsen ve ark., 2008).

Erzurum ilinde rastgele olarak alinan 13 adet torba
yogurdu Uzerinde yapilan bir arastirmada ortalama
degerler olarak KM %32.36 ve yag orani %7.58 ola-
rak bulunmustur (Caglar ve Ceylan, 1997). Afyonka-
rahisar ili halk pazarlarinda satisa sunulan konsantre
yogurtlarda yapilan ¢alismada, stizme yogdurt érnek-
lerinde pH 3.51+0.36, titrasyon asitligi %2.09+0.11,
yagd %5.36+£0.14, KM %23.8812.17 ve protein %
6.14+1.08 olarak bulunmustur (Akarca ve Tomar,
2019).

Dizenli yogurt tlketimi, yetigskinlerde immin
(bagisiklik) sistemini giiclendirmektedir. Bu etki, asi-
dik bir GrGin olan yogurdun, bagirsaklarda asitligi artir-
masina paralel olarak zararli mikroorganizmalarin
gelisimini inhibe etmesi ve yogurt bakterilerinin bagir-
sak geperlerine tutunarak ortama hakim olmalari sek-
linde aciklanmaktadir (Kirdar ve Gun, 2007).

inkiibasyon ¢ikis asitligi ve buna bagl olarak inkii-
basyon suresi yogurt dretiminin en 6énemli islem ba-
samaklarindan birisidir. Bu baglamda inkibasyon
parametrelerinin segimi 6nem kazanmaktadir. pH 4.2
-4.6 arasinda yogurdun su tutma kapasitesi optimum
oldugundan, uretimde pH 4.5-4.6 dolayina geldiginde
inkiibasyona son verilmektedir. inkiibasyonda ilk én-
ce L. bulgaricus Uremeye baslar ve bu bakterinin
proteolitik enzim aktivitesi S. thermophilus’a goére
daha yiiksektir. Uremek igin kazein, H,S ve formiat
kullanir ve kikuartli aminoasitleri Uretir. 43 °C’de S.
thermophilus kikurtlii amioasitleri kullanarak treme-
ye baslar. Yaklasik 2 saat sonunda, starter kiiltirlerin
olusturdug@u laktik asit nedeni ile pH 5.2-5.3 seviyesi-
ne duser. Kazeinat partikillerinin stabilizasyonu bu
asamada bozulur. Kalsiyum ve fosfat, kazein komp-
leksinden yavas yavas ayrilir ve iyonize duruma ge-
cer. Bu asama ilk pihtinin olustugu asama olup pH
4.6’ da her iki bakterinin diizeyi esitlenir (Ozer, 2006;
Vedamuthu, 2006). Bu galismanin énemli bir yani,
stizme yogurt Uretimlerinin Universite binyesindeki
uygulama biriminde kontrolli olarak yapilmasidir.
Uretimde inkiibasyon siiresi iyi ayarlanmadig takdir-
de beklenen kalite, randiman ve yapida yogurt elde
edilemez. Bu arastirmada inkiibasyon asitliginin ve
buna bagh olarak sirenin, inkiibasyon ¢ikis asitligin-
den etkilendigi goérilmektedir. Dolayisiyla pH'nin 4.40
veya 4.20 olarak ayarlanmasi ve inkiibasyonun bu
seklide bitirilmesi igletmeler igin daha ekonomik ve
avantajli olacaktir.

Engin YARALI

Arastirmada elde edilen bulgular ile ayni konuda ya-
pilan benzer galismalar (Atamer ve ark., 1988; Caglar
ve ark., 1997; Gokge ve ark., 2001) arasinda farkhhk-
lar bulunmaktadir. Farkliliklar; hammadde olarak kul-
lanilan ¢ig sutin kalitesinden, ¢i§ sute uygulanan
proseslerden, yararlanilan starter kultirun tipi ve ora-
nindan, elde edilen uriinun fiziksel ve kimyasal 6zel-
liklerinden kaynaklanmaktadir. llaveten depolama,
ambalajlama, nakliye ve satis asamalarindaki uygula-
malarda bu anlamda etkilidir. Tirk Gida Kodeksi Fer-
mente Siit Uriinleri Tebliginde ilgili kisimda yogurtlar-
da yag orani en az %3.8 ve yagsiz KM orani agirlikga
en az %12 olarak belirtimektedir (Anonim, 2009b).

Sonug olarak, taze yodurtta inkiibasyon ¢ikis pH’si-
nin degistiriimesi, elde edilen stizme yogurt dzellikle-
rinde bir takim etkiler yaratmistir. Bu anlamda inku-
basyon c¢ikis pH’sinin 4.40 degerinden 4.00’ a dugu-
rulmesi, 6zelikle sizme yogurt randimaninda azalma-
ya, suzme yodurt suyu miktarinda artisa ve inkubas-
yon siiresinde uzamaya sebep olmustur. isletmelerde
yapilacak olan planlama ile taze yogurtta inkiibasyo-
nun pH 4.40 veya 4.20 de sonlandiriimasi, elde edile-
cek siizme yogurtlarin daha ekonomik olarak uretil-
mesine olanak saglayacaktir. ilaveten, Tirk Gida
Kodeksi Fermente Siit Uriinleri Tebligi'nde 6zellikle
suzme yogurtta énemli bir kriter olan kuru madde
miktari ile asitlik degerlerinin (% asitlik, pH veya SH)
de yer almasi gerekmektedir. Bu degerlerin tebligde
olmamasinin, tuketicinin hilelere maruz kalmasina,
hile yapmayan firmalara kargi haksiz rekabetin olus-
masina ve sonugta yogurt kalitesinin bozulmasina yol
acacag! dusunulmektedir.
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Summary: In recent years, species in the Chryseobacterium genus have emerged as opportunistic fish pathogens that
can cause death in fish in many countries. In the last decade, C. aahli, C. oncorhynchi, C. chaponense, and C. piscico-
la have been reported to cause systemic infections in fish. In the present study, Chryseobacterium sp. C-204 was iso-
lated from 1g weight rainbow trout showing clinical signs such as abnormal swimming, dorsal skin ulceration, darkening
in color, and bilateral exophthalmos. The detailed phenotypic characteristics of the C-204 were characterized by API
20NE, and the BIOLOG GEN lll system includes 106 phenotypes. Antimicrobial susceptibility of the C-204 was also
determined by the broth microdilution method against five antimicrobial agents commonly used in the Aquaculture.
Sequence-based identification was done using 16S rRNA genome sequencing. The genome structure of the C-204
was revealed by using next-generation genome sequencing with reading a total of 24195304 bases and assembled in
4012452 base. Genome-based species delineation of C-204 was done 100 different housekeeping gene regions and
50 the closest Chryseobacterium species with Automated Multi-Locus Species Tree (autoMLST, https:/
automlst.ziemertlab.com). Antimicrobial resistance genes (AMR) and virulence genes in the C-204 genome were iden-
tified using the Virulence Factor Database (VFDB) NCBI-reference antimicrobial resistance genes database. The 16S
rRNA sequence of C-204 isolate had similarities with the C. aquaticum (99.65%) and C. greenlandense (98.95%) in
GenBank. In parallel 19 biochemical tests, C-204 isolate can be differentiated from the closest type strains by nitrate
reduction and inability to produce acid from glucose. With regard to antimicrobial susceptibility, the C-204 isolate can
grow even at high antimicrobial concentrations determined for Flavobacteriaceae. According to genome-based species
delineation, the C-204 isolate was identified as Chryseobacterium aquaticum subsp greenlandense. 13 virulence and
eight AMR genes were detected in the genome of the C-204 isolate. Conclusively, the detailed phenotypic characteris-
tic includes 106 biochemical test and genome structure of C-204 isolate by whole genome sequencing were deter-
mined.

Key words: Antimicrobial resistance genes, Chryseobacterium sp., virulence genes

Gokkusagi Alabaliklarindan Izole Edilen Chryseobacterium sp. C-204 Susunun Fenotipik ve Genom
Ozelliklerinin Belirlenmesi

Ozet: Son yillarda Chryseobacterium cinsinde bulunan tiirler, birgok {ilkede baliklarda éliimlere neden olabilen firsatg
balik patojenleri olarak ortaya ¢ikmaktadir. Yalnizca son on yilda C. aahli, C. oncorhynchi, C. chaponense ve C. pis-
cicola’nin baliklarda sistemik enfeksiyonlara neden oldugu bildiriimistir. Bu ¢alismada, Chryseobacterium sp. C-204,
anormal yuzme, sirt lezyonu, renkte koyulagma ve iki tarafli egzoftalmi gibi klinik belirtiler gésteren 1 gram agirligindaki
gokkusagdi alabaligindan izole edildi. C-204'Un 106 farkh testi igeren fenotipik 6zellikleri APl 20NE ve BIOLOG GEN Il
sistemi ile karakterize edildi. C-204'lin antimikrobiyal duyarlihdi, su Urtnleri yetistiriciliginde yaygin olarak kullanilan beg
farkl antimikrobiyal ajana kargi broth mikrodilisyon ydéntemiyle belirlendi. Dizi analizi bazh tur tanimlama, 27F ve
1387R primerleri kullanilarak yapildi. C-204'Gn tim genom analizinde, yeni nesil dizilime sistemi kullanildi ve toplam
24195304 okuma elde edildi. Bu okumalar birlestirilerek 4012452 baz uzunlugunda taslak genom elde edildi. C-204'(in
genoma dayali tir tanimlamasi, 100 farkh korunmus gen bolgesi ve en yakin 50 Chryseobacterium turi ile autoMLST
sisteminde (https://automlist.ziemertlab.com) yapildi. C-204 genomundaki antimikrobiyal diren¢ genleri (AMR) ve
virilans genleri, NCBI referans antimikrobiyal diren¢ genleri veritabani ve Virilans Faktér Veritabani (VFDB)
kullanilarak tanimlandi. C-204 izolatinin 16S rRNA gen bdlgesinin, GenBankta C. aquaticum ile %99.65 ve C. green-
landense ile %98.95 oraninda benzerliklere sahip oldugu belirlenmistir. Ortak yapilmis olan 19 biyokimyasal testte, C-
204 izolati nitrat indirgeyebilmesi ve glikozdan asit Uretememesi testleri ile diger tip suslardan ayrilabildigi belirlenmistir.
Antimikrobiyal duyarhlikla ilgili olarak, C-204 izolatinin ylksek antimikrobiyal konsantrasyonlarinda bile Ureyebildigi
tespit edilmistir. Genom bazli tir tanimlamasina goére, C-204 izolati, Chryseobacterium aquaticum subsp green-
landense olarak tanimlandi. Ayrica, C-204 susunun genomunda 13 virilans ve sekiz AMR geni tespit edildi.
Calismamizda sonug olarak, C-204 izolatinin 106 biyokimyasal 6zellik iceren detayli fenotipik ve tim genom dizi ana-
lizine dayali genom yapisi belirlenmigtir.

Anahtar kelimeler: Antimikrobiyal direng geni, Chryseobacterium sp., virlens geni
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Characterization of Chryseobacterium sp...

Introduction

In the last thirty years, aquaculture has grown rapidly
in Turkey, and the total amount of products obtained
from 2286 farms in 2018 reached 276502 tons, and
total fisheries exports reached $952 million (BSGM,
2020). With the rapid development of aquaculture,
economic losses from diseases caused by pathogens
have also increased. The family of Flavobacteriaceae
has a considerable sizeable ecological habitat. The
species in this family; Invertebrates, amphibians,
reptiles, birds, and even human beings can cause
infections in mammals. Among the species causing
fish infection in the Flavobacteriaceae family, there
are significant species such as Flavobacterium sp.,
Tenacibaculum sp., and Chryseobacterium sp. It has
been reported that Chryseobacterium species are
isolated from different clinical cases (pneumonia,
peritonitis, surgical wound infections, burn wounds,
eye infections, newborn pneumonia, etc.) in humans
(Loch and Faisal, 2015a). Chryseobacterium species
have been reported to cause economic losses in
many fish species on different continents. Only in
recent years C. piscicola, C. chaponense, C. aahli,
and C. oncorhynchi have been reported to cause
systemic infections in fish (Hugo et al., 2019).

There are not many studies on whether the detected
Chryseobacterium species are the main cause of the
disease. In a limited number of studies, it was report-
ed that C. balustinum, C. piscicola, and C. aahli fulfill
Koch postulates, but there is no study on other
Chryseobacterium species (llardi et al., 2009; Loch
and Faisal, 2015b, 2014).

In our study, it was aimed to determine the compre-
hensive phenotypic characterization, genome analy-
sis, and antimicrobial susceptibility of C. aquaticum
subsp. greenlandense C-204 isolate isolated from
rainbow trout showing disease symptoms such as
dorsal skin ulceration, darkening in color, and bilat-
eral exophthalmia.

Materials and methods
Bacterial isolate and phenotypic characterization

In our study, the C-204 isolate was isolated from a
rainbow trout, weighing about 1 gram in the trout farm
located in the Aegean region, 2015, showing signs of
abnormal swimming, dorsal lesion, darkening in col-
or, and bilateral exophthalmos was used. This re-
search was approved by Bursa Uludag University,
the Local Ethics Commission (report 2012-14/04).

In primary isolation, Tryptone Yeast Extract Salts
(TYES) agar was used, and the agent was incubated
at 25°C for 48 hours. Conventional microbiological
tests such as Gram staining, motility, oxidase, pres-
ence or absence of flexirubin pigment, catalase activ-
ity were used in phenotypic characterization of strains
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(Loch et al., 2013). The morphological and biochemi-
cal profiles of C-204 isolate were determined using
the Biolog GEN Il microplate (Biolog, Hayward, CA,
USA) and API 20NE (Biomerieux, France) tests. Un-
like the manufacturer's protocol, the incubation tem-
perature and time were modified to optimum growth
values of C-204 isolate (48h incubation at 25°C).

Sequence analysis based on 16S rRNA gene

DNA extraction of C-204 isolate was performed ac-
cording to the spin column filtration (QlAamp DNA
Minikit; Qiagen, Hilden, Germany) method. PCR and
sequence analysis was performed using 27F (5'-AGA
GTT TGA TCM TGG CTC 118 AG-3’) and 1387R (5'-
GGG CGG WGT GTA CAA GGC-3’) based on the
16S rRNA gene region (Loch et al., 2013). The ob-
tained chromatograms were aligned and identified in
the BLAST (Basic Local Alignment Search Tool)
server database in the National Center for Biotech-
nology Information (NCBI).

Whole-genome sequencing

The sequencing library was prepared using Nextera
XT DNA Library Preparation Kit, and sequencing was
done by lllumina NovaSeq 6000 platform as paired-
end (PE) 2x150 bases reads with using a 500-cycle
MiSeq reagent kit (Cooper et al., 2015). The Fastq
file obtained from the sequence analysis was upload-
ed to Geneious Prime (version 2020.1.2). The reads
with low-quality scores (<20) or poly-Ns and adaptor
contamination were then trimmed using BBDuk as
implemented in Geneious Prime (Kearse et al,
2012). The high-quality reads of C-204 were assem-
bled into costig by de novo assembly using SPAdes
assembler 3.13.0 (Bankevich et al., 2012). The draft
genome sequence has been recorded to Genbank
with SAMN15009847 and PRJNA634826 BioSample
and BioProject number, respectively.

Genomic data analysis

Genome-based species delineation of C-204 was
created using Automated Multi-Locus Species Tree
(autoMLST, https://automlst.ziemertlab.com). In phy-
logenetic analysis, 100 different housekeeping gene
regions of C-204 and 50 the closest Chryseobacte-
rium species genomes were used. A high-resolution
species tree was created using the web-based au-
toMLST program (Alanjary et al., 2019). Annotation of
the C-204 genome was performed using NCBI-
Automatic Prokaryotic Genome Annotation Pipeline
(PGAP) (Tatusova et al., 2016). Virulence genes in
the C-204 genome were identified using the Viru-
lence Factor Database (VFDB), while the antimicrobi-
al resistance genes were identified by searching
BLASTX (E-value <1e-50) in the Geneious Prime
software using the NCBI-reference antimicrobial re-
sistance genes database (Feldgarden et al., 2019;
Kearse et al., 2012; Lee et al., 2019).
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Antimicrobial susceptibility testing (AST)

Antimicrobial susceptibility level was determined by
minimum inhibitory concentration (MIC) testing
against Oxytetracycline (OXY), Florfenicol, (FLO),
Amoxicillin (AMO), Enrofloxacin (ENR), and Sulfa-
methoxazole-Trimethoprim (TRS) with 0.008 and 256
mg/L concentrations. E. coli ATCC 25922 was used
as quality control (QC) strain (CLSI, 2014a, 2014b).
After incubation at 22 °C for 48-72h, plates were
measured at a wavelength of 595 nm in a microplate
reader (Multiscan Go, Thermo), and MICs were de-
fined as the lowest concentrations of antibiotic that
inhibited growth.

Results

The C-204 isolate was isolated from the kidney in
rainbow trout in the bacteriological sampling. The
isolate was gram-negative, non-motile, oxidase, cata-

I1zzet Burcin Saticioglu

including L-arabinose, D-mannitol, N-acetyl glucosa-
mine, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate, or phenylacetic acid. The
isolate hydrolyzed gelatin and esculin but did not
hydrolyze 4-nitrophenyl-b-D-galactopyranoside
(PNPG). It reduced nitrate to nitrite, but not produced
indole, arginine dihydrolase. Furthermore, the pro-
duction of acid from glucose was negative. All pheno-
typic characteristics of the closest two species and C-
204 isolate are presented in Table 1. It was deter-
mined that the 16S rRNA sequence of C-204 isolate
had similarities with the NCBI reference sequences in
GenBank with C. aquaticum (99.65%) and C. green-
landense (98.95%).

MIC values of C-204 isolate were determined for
FLO= 16 mg/L, OXY= 4mg/L, AMO= 16mg/L, TRS=
4/76mg/L and ENR= 0.064mg/L. The MIC values of
the QC strain (E. coli ATCC 25922) were within the

Table 2. Genomic characteristics of Chryseobacterium sp. C-204 isolate

Characteristics
GeneBank ID
Genome Coverage
Genome size (bp)
No. contigs

N50 contig size
Largest contig size
GC-content (%)
Total genes
Protein-coding genes (CDS)
tRNAs
Pseudogenes?

C-204
JABSUA000000000
394.0X
4012452
23
362647
954203
339
3661
3590
65
37

#The number of total Pseudogenes indicated includes genes with ambiguous residues, frameshifted
gens, incomplete genes, genes with internal stopes, or other multiple problems.

lase, and flexirubin pigment positive. C-204 assimilat-
ed D-glucose, D-maltose, and D-mannose, but not
the other substrates present on the APl 20 NE strip,

acceptable range recommended by the CLSI stand-
ards (CLSI, 2014b).

Tablo 3. Putative AMR and virulence genes annotated in C-204 genome

Antimicrobial Resistance Gene

Resistance Mechanism AMR Genes

Antimicrobial Class

Antibiotic efflux

blacos.s, blacia-1
mupB
optrA

Antibiotic inactivation
Antibiotic target alteration
Antibiotic target protection

taeA, ogxB23, 0qxB7, tet(60)

Pleuromutilin, Tetracycline, Glycylcycline, Dia-
minopyrimidine, Nitrofuran, Fluoroquinolone
Penam, Cephalosporin, Carbapenem
Mupirocin

Pleuromutilin, Tetracycline, Oxazolidinone,
Lincosamide, Streptogramin, Macrolide, Feni-
kol

Virulence Genes

Mechanism

eno, htpB, pgi, dnak, icl,
KOX_00005, cIpC, CarB,
Zmp1, AdeG, LigA, rpoN,
clpB

Adhesion, Invasion, Biofilm production, Prolifer-
ation in Macrophages, Escape from Phagocy-
tosis, Inflammation activation and prevention of
IL-1b production
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Figure 1. Phylogenetic tree of C-204 isolate (blue font) inferred from its draft genome using the software autoM-
LST. The phylogeny is rooted in Moheibacter sedimnis CGMCC 112708 (red), strains depicted in green font

represent Chryseobacterium type strains
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204 genome after next-generation sequencing. The C
-204 genome was assembled after filtering with
BBDuk and using the SPAdes algorithm. After as-
sembling, 23 contigs and 4.012.452 bp long genome
were obtained. The GC ratio of the C-204 draft ge-
nome was found to be 33.9%. Genome characteris-
tics of C-204 are presented in Table 2.

As a result of the autoMLST analysis performed with
the closest 50 bacteria and 100 housekeeping gene
regions, it was determined that the closest species to
the C-204 isolate were C. greenlandense UMB34,
Chryseobacterium sp. HurlbutO1 and C. aquaticum
KCTC 12483 (Figure 1).

The draft genome of C-204 was registered with JAB-
SUA000000000 accession number in GenBank.
Eight antimicrobial resistance genes (AMR) and 13
virulence genes were detected in the genome of the
C-204 isolate, and the related genes are presented in
Table 3.

Discussion and Conclusion

While Chryseobacterium species do not cause any
infection in domestic animals, it has been reported to
cause infections in fish and frogs. The pathogenicity
of C. aahli, C. piscicola, and C. balustinum in fish has
been confirmed by experimental infection. Still, the
pathogenicity of species such as C. chaponense, C.
piscum, and C. arothri, which have been reported
from systemic infections in fish in recent years, has
not yet been confirmed. It has also been reported that
some species within this genus, such as C. indolo-
genes, are species with zoonotic potential that can
cause diseases such as meningitis, urinary tract in-
fections, and cystic fibrosis in humans (Hugo et al.,
2019; Loch and Faisal, 2015a). At the same time,
there is no study on the pathogenicity of C. aquat-
icum and C. greenlandense species in humans and
fish.

In our study, detailed phenotypic characteristics of
the C-204 isolate were determined by 106 different
phenotypic tests (Biolog GEN IIl and API 20NE). It
was seen that 19 of 66 tests were different from C.
aquaticum type strain and 3 of 24 tests were different
from C. greenlandense type strain. Also, 35 different
tests that were not done before on these two types of
strains were applied to the C-204 isolate for the first
time. In shared biochemical tests (19 tests), C-204
isolate is differentiated from other type strains by
nitrate reduction and production of acid from glucose.
C-204 isolate, which was pre-identified as Chryseo-
bacterium sp. by conventional tests, was found to be
99.65% similar to C. aquaticum and 98.95% C.
greenlandense by 16S rRNA sequence analysis.

C. aquaticum was firstly isolated from healthy Siberi-
an sturgeon juveniles in France, but the researchers
reported the etiologic agent as Chryseobacterium sp.

I1zzet Burcin Saticioglu

(Bernardet et al., 2005). It was later isolated from a
water reservoir in Korea, and the species description
was made (Kim et al., 2008). Also, this pathogen was
reported from the rainbow trout in Iran with ulcerative
erosion in the tail fin and peduncle area (Akhlaghi et
al.,, 2012). Loch et al. (2013) isolated C. aquaticum
from brown trout juveniles with endophthalmitis, dis-
coloration, fin erosion, and kidney swelling. An exper-
imental infection has not yet demonstrated the patho-
genicity of this agent in studies.

C. greenlandense was isolated from ice obtained
from 3.043 meters deep of the ice sheet in Greenland
(Loveland-Curtze et al., 2010). In our study, accord-
ing to the phylogenetic analysis performed with au-
toMLST, it was determined that the C-204 isolate was
in the same genogroup as the C. greenlandense UM-
B34 and C. aquaticum KCTC 12483 strains. In Ber-
gey’s Manuel of Systematics of Archaea and Bacteri,
it was suggested that C. greenlandense and C.
aquaticum belong to the same species due to the
high genome similarity and to be named C. aquat-
icum, which was first published (Hugo et al., 2019).
Besides, Garcia-Lépez et al., (2019) reported that C.
greenlandense is not a different species, it is a sub-
species of C. aquaticum, and its naming should be
made as "Chryseobacterium aquaticum subsp green-
landense" in the taxonomic classification created with
the type strains in the Bacteroidetes phylum.

C-204 was isolated from the kidney of 1 gram rain-
bow trout with symptoms such as a dorsal lesion,
loss of appetite, abnormal swimming, discoloration,
and exophthalmos in a trout farm in the Aegean re-
gion. Since there is no scientific study on the patho-
genesis of the determined Chrysobacterium species,
the virulence genes in the genome of the C-204 iso-
latewere analyzed in detail. Thirteen different putative
virulence genes encoding adhesion, invasion, biofilm
production, macrophage reproduction, escape from
phagocytosis, inflammation inactivation, and blocking
of IL-1b production were found in the C-204 isolate
genome (Liu et al., 2019). It is recommended to con-
duct experimental infection studies in rainbow trout to
show whether the agent provides pathogenesis and
Koch Postulate.

Antimicrobial drugs including florfenicol, oxytetracy-
cline, amoxicillin, enrofloxacin and sulfadiazine/
trimethoprim have been licensed by the Ministry of
Agriculture and Forestry to treat fish diseases in Tur-
key. The most commonly used antimicrobials in ag-
uaculture are florfenicol, oxytetracycline, and sulfadi-
azine/trimethoprim. There are a lot of studies that
have been reported on the development of antimicro-
bial resistance in bacteria isolated from aquaculture
(Balta et al., 2010; Duman et al., 2017; Durmaz et al.,
2012; Onuk et al., 2017; Saticioglu et al., 2019).
There is no antimicrobial susceptibility determination
and interpretation model for Chryseobacterium spe-
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cies in EUCAST and CLSI standards. In this context,
the antimicrobial susceptibility test protocol has been
adapted according to previous studies on Chryseo-
bacterium species. It has been reported that many
agents in the Flavobacteriaceae family isolated from
fish and clinical cases in humans can grow even at
high concentrations of antimicrobials (Michel et al.,
2005; Verner-Jeffreys et al., 2017). C. indologenes
and C. gleum species isolated from clinical cases in
humans have been naturally resistant to polymyxins,
aminoglycosides (gentamicin, streptomycin, kanamy-
cin), chloramphenicol, and most B-lactams
(penicillins, cephalosporins, carbapenems) (Bellais et
al., 2002; Lin et al., 2010). It has been reported that
C. scophthalmum strains isolated in fish cases are
resistant to tetracycline, aminoglycoside, lincomycin,
oleandomycin, penicillin, and sulfadiazine in vitro, but
are sensitive to chloramphenicol, sulfamethoxazole-
trimethoprim, fusidic acid, and novobiocin (Mudarris
and Austin, 1989). In our study, it was observed that
C-204 isolate could grow even at high concentrations
of Florfenicol, Oxytetracycline, Amoxicillin, and Sul-
phadiazine/Trimethoprim, which are licensed for fish.
In the genome analysis, eight different antimicrobial
resistance genes responsible for resistance against
15 different antibiotic classes were found. We con-
cluded that the expression amount of the resistance
genes detected in the genome of the C-204 isolate
changes the phenotypic characteristic and makes the
isolate resistant to antimicrobials.

This study is the first comprehensive study on C.
aquaticum subsp greenlandense isolated from dis-
ease cases in rainbow trout. The phenotypic charac-
teristics of the agent were determined for the first
time using 106 different tests.

It has been determined that the C-204 isolate can
grow even at high concentrations of antimicrobials
commonly used in aquaculture and carry resistance
genes against these antimicrobials in the genome.

It has been determined that there are 13 different
virulence genes in the genome of the C-204 isolate,
and these virulence genes may be responsible for the
development of disease in rainbow trout.
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Ozet: Bu arastirma, Jersey irki ineklerin iretim ve (ireme 6zellikleri lizerine bazi gevresel faktérlerin etkisini belirlemek
amaciyla yapilmistir. Arastirmanin veri setini, Amasya GoékhdylUk Tarim isletmesinde yetistirilen Jersey irki ineklerin
2014-2016 yillar arasindaki dol verimi, laktasyon kayitlari ve Meteoroloji Genel Mudurligi’'nden temin edilen iklim
verileri kullanilarak hesaplanan sicaklik-nem indeksi (SNi) degerleri olusturmustur. incelenen gevre faktérlerinden bu-
zag@ilama yasi; 2-3, 4-5 ve 6+, buzagilama mevsimi; kis, ilkbahar, yaz ve sonbahar sicaklik nem indeksi; <70, 70-72 ve
72<, laktasyon sayisi; 1, 2, 3 ve 4+ olarak gruplandinimigtir. Aragtirmada, buzagilama yasi ve laktasyon sayisindaki
artisin servis periyodunu uzattigi, gebelik basina tohumlama sayisi (GBTS) ve 305 gunlik sit verimini arttirdigi tespit
edilmistir. Sicaklik-nem indeksi ortalamasindaki artisin ise servis periyodunu kisalttigi, GBTS'yi ise artirdigi tespit edil-
migtir. 305 gunliuk st veriminin sicaklik-nem indeksi ortalamasindaki mevsimsel artisa bagl olarak ilkbahar ve yaz
aylarinda azalma egiliminde oldugu tespit edilmistir. Sonug olarak; Jersey irki ineklerde buzagilama yasi, laktasyon
sayisi ve sicaklik nem indeksi gibi gevresel faktorlerin servis periyodu, GBTS ve buzagilama araligi Uzerine etkisi ista-
tistiksel olarak 6nemsiz iken, laktasyon sayisi ve buzagilama mevsiminin 305 ginlik sit verimi izerine etkisi istatistik-
sel olarak 6nemli (P<0.001) bulunmusgtur.

Anahtar kelimeler: D6l verimi, Jersey, sicaklik nem indeksi, sut verimi

Effect of Some Environmental and Climatic Conditions on Reproduction and Milk Yield Traits in Jersey Cows
Summary: This research was performed in order to determine effects of some environmental factors on productive
and reproductive traits in the Jersey cows. Data set of this research consisted of lactation and reproduction records of
Jersey cows raised at Amasya Gokhoyik State Farm between 2014 and 2016 and climatic data, used to calculated
temperature humidity index, obtained from General Directorate of Meteorology. Environmental factors were divided to
be calving age; 2-3, 4-5 and 6+, calving season; winter, spring, summer and fall, THI; <70, 70-72 and 72<, lactation
number; 1, 2, 3, 4+. In this study it was determined that the increase in calving age and lactation number prolonged the
days open, as well as increasing the number of insemination per pregnancy and 305 days milk yield. Increasing tem-
perature humidity index shortened days open but it increased the number of insemination per pregnancy. The 305 days
milk yield tend to decrease in spring and summer depending on seasonal increase in temperature humidity index. In
conclusion, In Jersey, the effect of environmental factors such as calving age, lactation number and temperature hu-
midity index on days open, the number of insemination per pregnancy, and calving interval was insignificant while lac-
tation number and calving season on 305 days milk yield was significant (P<0.001).

Key words: Jersey, milk yield, reproduction, temperature-humidity index

Girig

Sut sigirlarinin metabolik ve fizyolojik faaliyetleri icin
en uygun gevre sicakhdinin 5°C/15°C, verimlerini
azaltmadan yasam faaliyetlerini devam ettirebildikleri
cevre sicakliginin ise -5/25°C arasinda degistigi bildi-
rimektedir (Akgapinar ve Ozbeyaz, 1999). Cevre
sicakliginin 25°C’nin Uzerinde oldugu durumlarda
laktasyon dénemindeki st ineklerinin yagsama payi
enerji ihtiyacinin %30 oraninda arttigi ve bu nedenle
laktasyon sut veriminin (Kadzere ve ark., 2002) ve
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*Ilk isim yazarin yiiksek lisans tezinden 6zetlenmistir.

dol veriminin (Gwazdauskas ve ark., 1981) negatif
yonde etkilendigi bildirilmistir. Ayrica, havadaki bagil
nem yuzdesindeki artigin gevre sicakliinin etkisini
artirarak giftlik hayvanlarinin tGzerinde 1s1 stresi olus-
turdugu ve buna bagl olarak verimlerin olumsuz etki-
lendigi belirlenmigtir (Ghavi Hossein Zadeh ve ark.,
2013).

Isi stresinin, gevre sicakhdi ve bagil nemin ortak etki-
siyle olusan “sicaklik-nem indeksi (SNi)’ degeri ile
dlciilebilecedi bildiriimektedir (Yashoglu ve ilhan,
2016). Sicaklik nem indeksi, ilk kez yaz aylarinda
insanlarin gevre sartlarindan olumsuz etkilenme sevi-
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yelerini degerlendirmek igin “discomfort indeks” ola-
rak gelistiriimistir (Thom, 1958). Sonraki yillarda, sigir
tird igin kullanimi yayginlasmistir (Berry ve ark.,
1964). Giiniimiizde SNI, sit sigirlarinda 1si stresini
degerlendirmek ve 1sI stresinden dolayi olusan per-
formans kayiplarinin élgimuinde yaygin olarak kulla-
nilmaktadir (Freitas ve ark., 2006; Hill ve Wall., 2015;
Ravagnolo ve ark., 2000).

Hayvancilik isletmelerinde surtnin surdurdlebilirligi-
nin saglanmasi, sdride ayiklama ve seleksiyon is-
lemlerinin etkili sekilde yapilabilmesi igin dél veriminin
dnemli oldugu bilinmektedir (Akgapinar ve Ozbeyaz,
1999). D&l veriminin kalitim derecesi dislk oldugun-
dan cevre sartlarinin, Ozellikle ¢evre sicakligindaki
artigin oosit kalitesinin bozulmasina, embriyonik geli-
simin etkilenmesine, progesteron uretiminin azalma-
sina ve embriyo élimlerinin artmasina neden oldugu
bildirilmistir (Nardone ve ark., 2006).

Yiksek sut verimine sahip inekler metabolik faaliyet-
ler sonucunda vicutlarinda fazladan s Urettiklerin-
den cevre sicakhdi ve badil nemdeki artisa duyarlidir-
lar (Purwanto ve ark, 1990). Dlinya’'da st Uretiminde
yogun olarak Bos cinsinin bir tird olan Bos taurus’un
irklarindan yararlaniimaktadir (Alpan ve Arpacik,
1998). Bos taurus irklari igerisinde ise Jersey irki
sigirlarin 1si stresine karsi adaptasyon kabiliyetinin iyi
oldugu bildiriimistir (Garcia-Peniche ve ark., 2005).

Jersey irki sigirlar stcl sigir irki sinifinda bulunur ve
anavatani ingiltere ile Fransa arasindaki kanal adala-
rindan birisi olan Jersey adasidir. Jerseyler sutcl irk
karakterlerine ve erken gelisme kabiliyetine sahip,
ortalama ergin disi canli agirhdi 400 kg civarinda olan
ufak yapili bir irktir. Jerseylerde beden rengi acgik
kahverenginden siyaha kadar degisir. En yaygin go6-
rulen renk geyik rengidir. Burun ve merme siyah olup
etrafinda beyaz bir halka bulunmaktadir. Jersey inek-
lerde ortalama sut verimi 3000 kg, sit yag! orani % 5
olarak belirlenmistir. Jersey buzagilarda dogum agir-
iginin 20 kg civarinda oldugu bildirilmistir. Turkiye'ye
ilk olarak 1958 yilinda Amerika’dan Samsun Karakdy
Harasina getirilmigtir ve Karadeniz ikliminin hakim
oldugu Samsun Karakdy Harasinda (41°52°K, 35°
99°D) yetistiriimeye baslanmistir (Alpan ve Arpacik,
1998).

Samsun Karakdy Harasinda yetistirilen Jersey sigir
irki Uzerinde yapilan arastirmalarda 305 gunluk lak-
tasyon sit verimleri 3356 kg (Sahin, 2009), 3467 kg
(Unalan ve Cankaya, 2010) ve 3786 kg (Teke ve
Akdag, 2010), laktasyon suresi 301.20 gin (Soydan
ve Kuran, 2017) ve 290 gun (Teke ve Akdag, 2010),
olarak bildiriimistir. Samsun Karakdy Harasinda yetis-
tirilen Jersey sigir irki Gzerinde yapilan arastirmalar-
da servis periyodu ve buzagilama arahgi 102.84 ve
366.60 giin (Gurses ve ark., 2014), gebelik siiresi ve
buzagilama araligi ise 275.20 ve 369.80 glin (Soydan
ve Kuran, 2017) olarak tespit edilmistir.
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Jersey irki sidirlar 2014 yihinda Amasya Gokhdyuk
Tarim isletmesine nakledilmistir. Amasya Gokhdyiik
Tarim Igletmesi (40°58°K, 35°65°D) deniz seviyesin-
de 400 metre ylkseklikte ve Karadeniz iklimi ile kara-
sal ikliminin gecis bdlgesindedir. Jersey irki sut sigir-
larinin Karakdy Tarim Isletmesi sartlarinda délverimi
(Gurses ve ark., 2014) ve st verimi (Teke ve Akdag,
2012; Soydan ve Kuran, 2017) 6zeliklerinin belirlendi-
gi arastirmalar olmasina karsin, Amasya Gokhoyuk
Tarim Isletmesi sartlarindaki dél verimi ve siit verimi
Ozellikleri hakkinda bilgi bulunmamaktadir. Bu aragstir-
ma Amasya Gokhdyiik Tarim isletmesine nakledilen
Jersey irki sidirlarin délverimi ve sut verimi 6zellikleri-
nin belirlenmesi amaciyla yapilmistir.

Gereg ve Yontem
Veri setinin olusturulmasi

Bu arastirmada, 2014-2016 yillari arasinda Amasya
Gokhdyiik Tarim isletmesinde bulunan 496 bas Jer-
sey Irki inede ait 486 laktasyon ve 407 dol verimi
kaydi kullaniimistir. Meteoroloji Genel Mudurli-
gi’nden Amasya-Gokhdyik meteoroloji istasyonunda
2014-2016 yillari arasinda olculen gunlik en yiksek
sicaklik, gunlik ortalama sicaklk ve gunlik ortalama
bagil nem degerleri temin edilmis ve (SNi) = (0.8 x
en yuksek cevre sicakhgi) + [bagil nem x (ortalama
cevre sicakligi-14.4)] + 46.6 formili kullanilarak si-
caklik nem indeksi degerleri hesaplanmistir (Davis ve
ark., 2003). Sicaklik nem indeksi degerleri, SNi-1
(<70), SNi-2 (70-72) ve SNi-3 (72<) olarak siniflandi-
rilmistir (NADIS, 2017).

Dol verimi ozellikleri

Servis periyodu; buzagilama tarihi ile bir sonraki bu-
zagiya gebe kaldigi son tohumlama tarihi arasindaki
sure, gebelik suresi; buzagilama tarihi ile o buzagiya
gebe kaldigi tarih arasindaki sire, buzagilama arali-
g1; birbirini takip eden iki buzagilama tarihi arasindaki
sure olarak hesaplanmistir. Gebelik basina tohumla-
ma sayisl; buzagilamadan sonra bir sonraki buzagiya
gebe kalincaya kadar yapilan tohumlama sayisi ola-
rak alinmigtir (Alpan ve Arpacik, 1998).

Laktasyon é6zellikleri

Siit verim ézellikleri Amasya Gokhoyiik Tarim Islet-
mesi sigircilik Unitesinde bulunan sagim sisteminin
bilgisayar verilerinden elde edilmistir. Standart laktas-
yon siresi 305 glin kabul edilmistir. 305 glinden fazla
suren laktasyon verimleri 305 giine godre cevirme
faktorleri kullanilarak duzeltilmistir. 305 glinden kisa
suren laktasyonlara, kendiliginden kuruya ¢ikan inek-
lerin verimlerinde degisiklik yapilmamis gercek st
verimleri 305 gunlik sit verimi olarak kabul edilmistir.
Laktasyon suresi; buzadilamadan kuruya ¢ikana ka-
dar gecen suredir. Laktasyon suresi 150 ginin altin-
da olan hayvanlarin laktasyon sliresi ve sit verimleri
degerlendirme digi birakilmistir. Kuru dénem, buzagi-
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lama araligindan laktasyon siresi ¢ikarilarak hesap-
lanmistir (Alpan ve Arpacik, 1998).

Istatistiksel analizler

Servis periyodu, gebelik suresi, buzadilama araligi,
gebelik bagina tohumlama sayisi 6zelliklerinin; buza-
gilama yasi, sicaklik-nem indeksi ve laktasyon sayisi
gruplarina goére, 305 gunlik dizeltiimis sut verimi,
laktasyon suresi ve kuru dénem 6zelliklerinin ise bu-
zagilama yasi, buzadilama mevsimi ve laktasyon
sayisi gruplarina gore farkliliklarinin analizinde SPSS
paket programindaki tek yonli varyans analizi kulla-
nilmigtir. Gruplar arasindaki farklihgin analizi igin
Duncan ¢oklu karsilastirma testleri yapilmistir (John,
1971; Anonim, 2015).

Bulgular
Mevsimler ve 1s1 nem indeksi degerleri

Mevsim bakimindan; gunluk en yiksek ¢evre sicakli-
g1, gunlik ortalama cevre sicakhigi ve SNi'nin kig
aylarinda en dislk seviyede iken yaz aylarinda yik-
seldigi belirlenmistir. Glnluk ortalama nispi nem de-
geri ise en dusuk yaz aylarinda en yuksek kis aylarin-
da goriimdistir (Tablo1).

Mustafa UGURLU

Servis periyodu, gebelik basina tohumlama sayisi
(GBTS) ve buzagilama araligi

Arastirmada doél verimi 6zelliklerine ait ortalamalar
Tablo 2‘de verilmigtir. Buzagdilama yasi ve laktasyon
sayisinin artmasi ile birlikte servis periyodu artis gos-
termis olmasina karsin istatistiksel olarak 6nemsiz
bulunmustur. Arastirmada, en ylksek servis periyodu
(83.67 guin) 6 yas ve Uzeri ineklerde tespit edilmistir.
Sicaklik-nem indeksi (SNI) siniflari bakimindan yapi-
lan degerlendirmede ise SNi'nin artmasi ile birlikte
servis periyodunun azaldi§i tespit edilmistir. Buzagi-
lama yag1, SNi ve laktasyon sayisinin artigi ile birlikte
GBTS ve buzagilama araliginin artma egilimi géster-
digi tespit edilmistir. Cevre faktorlerinin; servis periyo-
du, GBTS ve buzagilama araligina etkisi istatistiksel
olarak 6nemsiz bulunmustur (P>0.05).

Laktasyon siit verimi

Arastirmada laktasyon periyodunda ait ortalamalar
Tablo 3 ‘de verilmistir. Buzagilama yasi ve laktasyon
sayisinin artmasi ile birlikte 305 ginlik sut veriminin
genel olarak artis egdiliminde oldugu belirlenmigtir.
Buzagilama mevsimi bakimindan en dusuk sut verimi
(4810.70 kg) yaz aylarinda, en ylksek sut verimi
(5679.68 kq) ise kis aylarinda buzagilayan ineklerden

Tablo 1. 2013-2016 yillar arasindaki mevsimlere gore meteorolojik verilere ait ortalamalar ve standart hatalari

( X £Sx )
Mevsim Giinliik En Yiiksek Giinliik Ortalama Gﬁpli{k Ortalama SNI
Sicaklik (°C) Sicaklik (°C) Nispi Nem (%)
Kis 8.24+0.30 3.19+0.23 78.5310.66 44.08+0.45
ilkbahar 20.33+0.34 13.07+0.27 62.42+0.68 61.49+0.44
Yaz 30.5540.20 23.07+0.15 55.3940.53 75.45+0.21
Sonbahar 21.23+0.38 13.87+0.32 63.1110.70 62.52+0.49
SNi: Sicaklik nem indeksi, °C: Santigrat derece
Tablo 2. D6l verimi 6zelliklerine ait ortalamalar ve standart hatalari ( XESX )
Incelenen Cevre Servis Buzagilama
Faktérlgri n Periyodu n Argng. n GBTS
Buzagilama Yasi - - -
2-3 228 71.804+4.43 228 356.42+4.41 228 1.40£0.13
4-5 96 81.6614.38 96 366.52+4.37 96 1.79+0.13
6+ 83 83.67+3.54 83 368.72+3.53 83 1.82+0.11
SNI - - -
<70 248 80.64+2.83 248 365.92+2.82 248 1.54+0.08
70-72 35 80.6215.47 35 365.32+5.46 35 1.78+0.17
72< 124 74.2745.09 124 358.72+5.07 124 1.63+0.15
Laktasyon sayisi - - -
1 129 76.1943.28 129 361.02+3.27 129 1.33+0.13
2 104 77.9045.23 104 362.62+5.21 104 1.71£0.16
3 65 70.56+7.61 65 355.22+7.58 65 1.58+0.23
4+ 109 84.42+4.08 109 369.52+4.07 109 1.78£0.12
Beklenen ortalama 407 78.1612.66 407 363.02+2.66 407 1.64%0.08

GBTS: Gebelik Basina Diisen Tohumlama Sayisi, SNI: Sicaklik-Nem indeksi, -:6nemsiz
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Tablo 3. Laktasyon periyoduna ait ortalamalar ve standart hatalan ( X+
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Si)

Incelenen Gevre n 305 Giinluk Siit n Laktasyon n Kuru
Faktorleri Verimi Siiresi Dénem
Buzagilama Yasi - > -
2-3 278 4755.50+130.31 286 318.52+6.03% 278 59.16x1.64
4-5 106 5448.48+133.58 105 316.82+7.39% 106 63.39+£2.02
6+ 102 5021.05+194.12 105 365.42+11.08° 102 58.49+3.02
Buzagilama Mevsimi o > -
Kis 70 5679.68+181.14° 72 327.92+10.09° 70 59.93+2.75
ilkbahar 111 4994.39+134.26 112 333.72+7.48° 111 62.3412.04
Yaz 178  4810.70%152.75* 178 325.82+8.51° 178 56.88+2.32
Sonbahar 127  5082.74+174.98% 134 320.72+9.75° 127 59.49+2.66
Laktasyon sayisi bl - -
1 158 4460.75+71.63° 161 324.22+3.99 158 61.27+1.09
2 127  5491.82+171.19° 131 320.52+9.54 127 64.6012.60
3 71 5118.07+217.58" 72 330.02+12.12 71 57.4313.31
4+ 130  5100.41+112.62° 132 331.72+6.27 130 59.88+1.71
Beklenen ortalama 486 5126.05+81.35 496 326.72+4.53 486 60.98+1.23

a,b,c: Ayni situndaki farkh harflerle gosterilen ortamalar istatistiksel olarak farklidir.

***: P<0.001; **:P<0.01; -:6nemsiz

saglandigi tespit edilmistir. 305 gunlik st verimi
ortalamalari arasinda farkliliklar buzagilama yasi
grubunda istatistiksel olarak 6nemsiz, buzagilama
mevsimi ve laktasyon sayisi gruplarinda istatistiksel
olarak 6nemli (P<0.001) bulunmustur.

Tartisma ve Sonug

Servis periyodu ve gebelik basina tohumlama
sayisi (GBTS)

Servis periyodunun uzunlugu, sit sigirlarinda dol
verimi performansinin dlgtilmesinde siklikla kullanilan
Ozelliklerden birisidir. Sidrl ydnetiminde en uygun
servis periyodu siresinin 60-80 glin arasinda olmasi
gerektigi bildirilmektedir (Akgapinar ve Ozbeyaz,
1999). Bu arastirmada servis periyodu; genel ortala-
masi 78.16 gun olarak bulunmustur. Bu deger servis
periyodu icin kabul edilebilir sinirlar igerisindedir. Bu
arastirmada servis periyodu, buzagilama yasl ve
laktasyon sayisinin artigina paralel olarak artma eqgili-
mi gOsterirken sicaklik-nem indeksi siniflarinda in-
deks degeri yukseldikge servis periyodu azalma egili-
mindedir. Bu durumun buzagilama yasi ve laktasyon
sayisindaki artig ile birlikte metabolizmada meydana
gelen farklilasmadan dolayi olabilecegi dustnulebilir.

Gebelik basina disen tohumlama sayisinin 1-1.5
arasinda iyi, 1.5-2.0 arasinda orta ve 2.0’in lzerinde
oldugu durumlarda ise kétu olarak kabul edilmektedir
(Alpan ve Arpacik, 1998). Bu arastirmada GBTS ge-
nel ortalamasi 1.64 olarak bulunmustur. Bu sebeple
GBTS'yi 1-1.5 seviyelerine gekebilmek igin bu duru-
ma etki edebilecek faktorlere (6struslarin tespiti, inek-
lerin jinekolojik saghgi, suni tohumlamayi uygulayan
kisinin tecriibesi vb) dikkat edilmesi gerektigi sOylene-
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bilir. Buzagilama yasi ve laktasyon sayisi artigi ile
birlikte gebelik basina disen tohumlama sayisinda
da artis oldugu belirlenmistir. En dusuk gebelik bagi-
na diisen tohumlama sayisi SNi degerinin 70’in altin-
da oldugu durumlarda 1.54 olarak tespit edilmigtir.
Genellikle servis periyodu ylksek ise GBTS de yik-
sek olmaktadir. Zira, servis periyodu uzadikga her
seksuel siklusta inege tohumlama vyapilmaktadir.
Servis periyodunun uzamasi ile GBTS’nin artmasi
arasindaki durum bu sekilde agiklanabilir. Bu arastir-
mada SNi yiikseldikge servis periyodu azalma egili-
minde olmasina ragmen gebelik bagina tohumlama
sayisini yukseldigi gérilmektedir. Bu durum yiksek
SNi degerlerinde fizyolojik bazi durumlarin etkili ola-
bilecegi diisiinllebilir. Nitekim, SNi'nin reprodiiksiyon
ve fertilite Uzerine olumsuz etkisinin bulundugu, yani
servis periyodunun uzadigi ve gebelik basina disen
tohumlama sayisinin arttigr bildirilmesine ragmen
servis periyodu ve gebelik basina disen tohumlama
sayisi ile SNI arasinda dogrusal bir iliski bulunmadig!
ve bu iliskinin hormonal mekanizma ile yakindan ilig-
kili olabilecegi bildirilmistir (Ghavi Hossein Zadeh ve
ark., 2013).

Laktasyon siit verimi

Bu arastirmada buzagilama yasinin artmasi ile birlik-
te 305 gunlik sit veriminde artis tespit edilmistir.
Buzagilama yasi gruplari arasindaki farkhliklar 6nem-
siz bulunmustur. Bununla birlikte bu arastirmada elde
edilen 305 glnlik sit veriminin buzagilama yasinin
artmasi ile birlikte artma egiliminde olmasi bakimin-
dan kaynaklar ile uyum icinde oldugu sdéylenebilir
(Gurses ve ark., 2014). Bu arastirmadaki ilkbahar
(61.49) ve yaz (75.45) aylarindaki SNi'nin Karakdy
Harasinda 1995-2005 yillari arasinda yapilan bir
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arastirmadaki ilkbahar (57.73) ve yaz (74.67) aylarin-
daki SNi'den yiiksek oldugu gérilmektedir. Bununla
birlikte, bu aragtirmada bulunan 305 glnlik ortalama
sut verimi (5126.05 kg) Karakdy Harasinda yapilan
arastirmalarda bildirilen 305 glnlik laktasyon st
verimlerinden, 3356 kg (Sahin, 2009), 3467 kg
(Unalan ve Cankaya, 2010) ve 3786 kg (Teke ve
Akdag, 2010), yuksek bulunmustur. Bu farkliigin
isletmelerde uygulanan bakim, besleme ve iklim ko-
sullarindan kaynaklandigi disutndlmektedir. Nitekim,
Jersey irki sigirlarin is1 stresine daha dayanikl oldu-
gunu bildiren kaynaklar bulunmaktadir (Bryant ve
ark., 2007; Keister ve ark. 2002). Arastirmada laktas-
yon sayisi arttikca sut veriminde artis tespit edilmistir.
Bu veri Karakdéy Harasindan Jersey irki ile yapilan
arasgtirmalar ve diger irklar ile yapilan arastirmalar ile
uyumludur (Gurses ve ark., 2014).

Sonug olarak, Amasya Gokhéyiik Tarim isletmesinde
yetistirilen Jersey sidirlarda, servis periyodunun kabul
edilebilir sinirlar igerisinde oldugu tespit edilmistir.
GBTS, SNi artigi ile artmig olmasina ragmen kabul
edilebilir sinirlar igerisindedir. Bu arastirmada elde
edilen siit verimi sonuglarinin ise Karakéy Tarim Is-
letmesindeki sut verimi sonuglarina gére ylksek oldu-
Ju tespit edilmistir. Karakdy Tarim Isletmesinde yetis-
tirilen Jersey irki sigirlarin Amasya Gokhoyik Tarim
isletmesine nakledilmesi ve burada yetistiriimesine
devam edilmesinin verimler Gzerinde kayip olustur-
madigi sOylenebilir.
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Summary: In this study, milk of healthy 20 goats in the 3 . 4" |actation periods was analyzed in different lactation
stages. While milk pH, fat, fat-free dry matter, protein, lactose and freezing point were similar between groups in all
lactation stages, electrical conductivity and Somatic Cell Count (SCC) increased with the continuation of lactation
(P<0.05; P<0.001). Nonspecific relations were found between SCC and electrical conductivity in mastitis-free goats.
Also, correlations were found between milk quality parameters and different lactation stages at the significant levels
(P<0.05, P<0.01). There was a positive correlation between SCC and milk fat in early lactation (r=0.619; P<0.05). On
the other hand, a negative correlation was found between freezing point and electrical conductivity in the late lactation
(r=-0.474; P<0.05). It was understood that milk composition and especially SCC values were different in different stag-
es of lactation in Damascus goats.The relationship between the components of milk was found to be related to the
lactation period. As a result, while the chemical composition of milk did not change during the lactation, it was conclud-
ed that the milk produced in the early lactation had lower SCC and electrical conductivity values than in the other lacta-
tion stages, and the milk produced in early lactation stage was higher quality.

Key words: Damascus goat, lactation period, milk quality

Farkh Laktasyon Ddnemlerindeki Damascus Kegilerinde Siit Ozellikleri: 1. Somatik Hiicre Sayisi ve Siit Kalite
Parametreleri
Ozet: Bu calismada 3.-4. laktasyon dénemlerindeki saglikli 20 keginin siitii farkli laktasyon asamalarinda analiz edil-
migtir. Sut pH's1, yag, yagsiz kuru madde, protein, laktoz ve donma noktasi tim laktasyon asamalarinda gruplar arasin-
da benzerken, laktasyonun devaminda elektriksel iletkenlik ve Somatik hiicre sayisi (SHS) artmistir (P<0.05; P<0.001).
Mastitis olmayan kegilerde SHS ile elektrik iletkenligi arasinda spesifik olmayan iliskilerin oldugu belirlenmistir. Ayrica,
farkli laktasyon asamalari ile sit kalite parametreleri arasinda énemli seviyelerde korelasyonlar bulunmustur (P<0.05,
P<0.01). Erken laktasyonda SHS ile st yadi arasinda pozitif bir iligki bulunmustur (r=0.619; P<0.05). Diger taraftan,
ge¢ laktasyonda donma noktasi ile elektriksel iletkenlik arasinda negatif bir korelasyon bulunmustur (r=-0.474; P<0.05).
Damascus kegilerinde laktasyonun farkli donemlerinde sut kompozisyonu ve 6zellikle SHS degerlerinin farkli oldugu
anlasiimistir. Diger taraftan sitin kimyasal kompozisyonunu olusturan unsurlar arasindaki iliskinin de laktasyon done-
mi ile iligkili oldugu gorilmistir. Sonug olarak, laktasyon boyunca siitiin kimyasal komposizyonu degismezken laktas-
yonun erken dénemlerinde Uretilen sitin SHS ve elektriksel iletkenlik degerlerinin diger laktasyon dénemlerinden du-
suk olmasi bu sutlerin daha kaliteli oldugu kanaatini olugturmustur.
Anahtar kelimeler: Damascus kegisi, laktasyon periyodu, siit kalitesi

Introduction

Small ruminant breeding has great importance be-
cause of product quality and profitability. Goats, were
domesticated about 10 thousand years ago, and
have been breeding with increasing supply and de-
mand (Yakan et al., 2019). Today, it is estimated that
there are more than 1000 goat breeds in the world
(Crisa et al., 2016). The importance of goat breeding
is increasing day by day with the awareness of
healthy nutrition (Yurchenkoo et al., 2018). While the
number of goats around the world was around 750
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million heads in the early 2000s, this number in-
creased gradually and reached 1 billion heads as of
2018 (FAOSTAT, 2020).

Goat breeding is a source of quality animal products,
especially for people with food allergies to milk and
dairy products such as cheese and yoghurt, those
with digestive system disorders and also for children
(Albenzio et al., 2012;Yakan et al., 2019). Goat milk
fat is more beneficial because of nutritional and die-
tetic parameters (Anghel et al., 2017). In ruminants,
milk production depends on genetic and environmen-
tal factors such as nutrition. However, in general,
goat's milk is richer in carbohydrate, fat and protein

318



Milk traits of goats at lactation stages...

values than cow's milk. In addition, the proportion of
short and medium-length fatty acids in goat's milk is
higher than in milk of other species (Zhu et al., 2014).

Physiology of animals changes during lactation peri-
od. Therefore, there are significant differences in milk
composition at different lactation stages (Yakan et al.,
2019). It is also reported that milk composition could
be influenced by the energy balance in lactation
goats (Zailan and Yaakub, 2018). On the other hand,
it is known that somatic cell count (SCC) of milk is an
important marker for mammary health and physiolo-
gy. Goat milk has more SCC than cow milk, in gen-
eral. However, SCC levels may change without infec-
tious factors during the lactation period (Kuchtik et
al., 2015; Raynal-Ljutovac et al., 2005).

Thanks to numerous studies, cow milk production
and secretion process are well known (Sandolhm et
al., 1995; William and Edmondson, 2010). There is
also abundant information about milk production
physiology of goat (Haenlein, 2004). On the other
hand, it is estimated that there are important differ-
ences related to production and composition of milk
in different goat species (Yakan et al., 2019). It is
known that milk composition change in different lacta-
tion stage and this is an important factor for human
nutrition consuming milk and dairy products. Due to
its high milk and reproductive characteristics, espe-
cially in the last 20 years, Damascus goat breeding
has increased in some countries such as Turkey,
Syria, Lebanon, and other Mediterranean countries
(Keskin et al., 2004; Yakan et al., 2019).

Production and secretion of milk in goats have some
differences. In goats, milk secretion type is apocrine.

Erciyes Univ Vet Fak Derg 2020; 17(3): 318-324

This physiological difference cause wide range of
SCC even without mastitis. It is known that molecular
activity in somatic cells may change the composition
of milk (Zecconi et al., 2020). The aim of this study
was to evaluate the variation of somatic cell count
and chemical composition of milk according to the
lactation stages in Damascus goats.

Materials and Methods
Animal materials

This study was done with 20 Damascus goats in the
3 4" |actation periods. Animals were randomly se-
lected from 200 heads flock. One week after parturi-
tion, goats were in pasture for grazing (06:00-18:00,
in a day). After grazing, goats were housed in pen.
Besides grazing, goats consumed 300 g/head/day
concentrate feed (Table 1). All management and
feeding procedures were practiced according to rou-
tine breeding procedure. Following births, 50 ml of
milk was taken from each goat in the morning milking
during the early [10-20 days after parturition, Early
Lactation Stage (ELS)], mid [100-110 days after par-
turition, Mid Lactation Stage (MLS)] and late [200-210
days after parturition, Late Lactation Stage (LLS)]
stages of lactation.

Table 1. Chemical and physical composition of concentrate feeds

Items contents

Proportions (%)

Wheat grain 18.50
Maize grain 21.60
Corngrain 17.00
Sunflower meal (crude protein 28-29%) 16.00
Cottonseed meal (crude protein 31-32%) 11.00
Barley grain 7.80
Wheat bran 2.00
Molasses 4.70
Marble powdered (38% Ca™) 0.50
NaCl 0.75
Vitamin mineral premix* 0.15
Total 100.00
Calculated nutrition value of concentrated feed

Dry matter 89.81
Crude ash 5.97
Ether extract 2.54
Crude protein 16.75
Total Metabolic Energy (kcal/kg) 2767.16

*: Per 1.5 kg vitamin mineral premix contains 15 000 000 IU Vit A, 3 000 000 IU Vit D3, 50 000 IU Vit E, 50 g
manganese, 50 g ferrous, 50 g zinc, 10 g copper, 0.8 g iodine, 0.2 g cobalt, 0.3 g selenium.
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Milk sampling and measured parameters

After bringing the samples to the laboratory in the
cold chain, SCC (Lactoscan SCC 6010) and pH
(Hanna pH meter, HI83141) were determined. In ad-
dition, fat, fat-free dry matter (FFDM), protein, lac-
tose, freezing point and electrical conductivity of milk
samples were investigated (Milkotester Master Clas-
sic LM2 P1). Measurements were made within 2
hours of milking in two replicates and mean values
were recorded.

Statistical analysis

Descriptive statistics were described as “Mean +
Standard error of mean”. Pearson correlation coeffi-
cient was performed to determine the relationships
between the quality parameters of goat milk. MIXED
procedure of SPSS (V22.0; SPSS Inc., Chicago, IL,
USA) was used to analyze the effect of the period of
lactation as early, mid and late term on the quality
parameters of goat milk by using the following model
with repeated measures:

Yi= pt+ Pit e

Where, Y, dependent variable; p, overall mean; P;,
effect of period of lactation (i = early, mid and late
term); and ey, residual error. Animals within group
were assessed as a random effect, while period of
assessed as a fixed effect. P<0.05 was considered
as significant in all analyses.

Results

In the study, SCC of animals were lower than 1000
x10%mL during all lactation stages (ELS, MLS,LLS).
With the continuation of lactation, however, SCC in
ELS, MLS and LLS groups were 183.07+40.36,
482.11+108.43 and 517.41£107.60, respectively
(P<0.05). SCC of ELS group was lower than MLS
and LLS groups (P<0.05). On the other hand, there
was no significant difference in terms of SCC be-
tween the MLS and LLS groups (Table2). While milk
pH, fat (%), fat-free dry matter (%), protein (%), lac-
tose (%) and freezing point were similar between
groups, it was determined that electrical conductivity
increased with the continuation of lactation (P<0.001)
(Table 2).

Huseyin OZKAN

According to lactation periods, it was found that there
was a positive and statistically significant correlation
between SCC and fat in ELS group (r=0.619;
P<0.05). In ELS group there was also negative corre-
lation between fat with protein (r=-0.545; P<0.05) and
fat with lactose (r=-0.545; P<0.05).In addition, while
there was a high positive correlation between FFDM
and protein (r=0.985; P<0.01) and lactose (r=0.996;
P<0.01), it was found that there was a high negative
and statistically significant correlation between FFDM
and freezing point (r=-0.986; P<0.01).Moreover, sta-
tistically important and highly positive correlation was
found between protein and lactose (r=0.982; P<0.01).
Finally, negative correlations were found between
freezing point and protein (r=-0.970; P<0.01) and
lactose (r=-0.978; P<0.01) in ELS group samples
(Table 3).

MLS group was the group with the highest correlation
among parameters. While negative correlations were
found between pH with fat (r=-0.511; P<0.05) and pH
with freezing point (r=-0.666; P<0.01), positive corre-
lations were determined between pH and most of the
other evaluated parameters with variable significanc-
es in MLS group (Table 3). Meanwhile, there were a
negative and important correlations between milk fat
and FFDM (r=-0.591; P<0.01), protein (r=-0.551;
P<0.05), lactose (r=-0.581; P<0.01) and electrical
conductivity (r=-0.746; P<0.01). Positive correlation
was found between milk fat and freezing point
(r=0.513; P<0.05). Three of the determined parame-
ters (protein, lactose, and electrical conductivity) in
MLS group were positively correlated with FFDM
(P<0.05).

On the other hand, a negative and a significant corre-
lation was found between FFDM and freezing point
(r=-0.993; P<0.01) in MLS group. As the amount of
FFDM in milk increases, a decrease will occur in the
freezing point for the mineral load in it. This confirms
the negative correlation detected between the two
parameters. While positive correlations were found
between protein and lactose (r=0.994; P<0.01) and
electrical conductivity (0.483; P<0.05), a negative
correlation was determined with freezing point (r=-
0.992; P<0.01). In addition, a negative correlation
was determined between the freezing point and elec-
trical conductivity (r=-0.474; P <0.05).

Table 2. Parameters of milk in different lactation periods (Mean+SE)

Groups
Parameters ELS MLS LLS P
SCC (x1000) 183.07+40.36° 482.11£108.43% 517.41+£107.60° <0.05
pH 6.70+0.07 6.73+0.03 6.67+0.02 -
Fat (%) 4.05+0.31 4.45+0.23 3.69+0.20 -
FFDM (%) 8.62+0.13 8.79+0.18 8.77+0.07 -
Protein (%) 3.12+0.04 3.18+0.07 3.17+0.03 -
Lactose (%) 4.69+0.07 4.81+0.10 4.78+0.04 -
Freezing point -0.58+0.01 -0.30+0.01 -0.6040.01 -
E. Conductivity 4.65+0.02° 4.73+0.03° 4.85+0.02° <0.001

Different letters on the same line indicate the statistical difference between the groups; FFDM: Fat-free Dry Matter; E. Con-
ductivity: Electrical Conductivity® ™ ©:Means with different letters in rows differ significantly
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Table 3. Correlations of measured parameters in different lactation stages

Groups Parameters pH F,Z; F;Z)M Prg/t;m Lactose Fr:giz':?g E. Conductivity
scc 0.161 0619 -0.286 -0.266 -0.331 0.223 -0.078
pH 0.029 0.177 0.145 0.169 -0.231 -0.354
Fat (%) -0.513 -0.545" -0.545" 0.394 -0.126
ELS FFDM (%) 0.985" 0.996: -0.986: -0.386
Protein 0.982 -0.970 -0.341
Lactose (%) -0.978" -0.364
Freezing 0.393
point
scc 0.346 -0.181 0.161 0.177 0.133 -0.186 0.325
pH 0511 0.685°  0.692" 0.661" -0.666 " 0.551"
Fat (%) -0.591"  -0.551 -0.581" 0.513" -0.746"
MLS FFDM (%) 0.995" 0.997: -0.993: 0.51 5:
Protein 0.994 -0.992 0.483
Lactose (%) -0.992" 0.504
Freezing 0474
point
scc 0.170 0.358  0.060 0.026 0.124 0.080 0.305
pH 0.013  0.300 0.328 0.397 -0.050 0.241
Fat (%) 0.277 0.137 0.311 -0.322 -0.471
LLS FFDM (%) 0.9517 0.978: -0.569: -0.446
Protein 0.949 -0.585 -0.335
Lactose (%) -0.546" -0.362
Freezin
point I 0.279

*:P<0.05; **: P<0.01; E. Conductivity: Electrical Conductivity

In the LLS group, another group in which correlations
between parameters were examined, positive corre-
lations were determined between FFDM and protein
(r=0.951; P<0.01) and lactose (r=0.978; P<0.01).
Also, there was a negative correlation found between
FFDM and freezing point (r=-0.569; P<0.05). Similar-
ly, MLS negative correlations were determined be-
tween freezing point and protein (r=-0.585; P<0.05)
and lactose (r=-0.546; P<0.05) in this group. Beside
all these results, a highly positive correlation was
found between lactose and protein (r=0.949; P<0.01).
In addition to the changes in milk composition, the
relationship between the parameters that make up
the milk composition changed according to the lacta-
tion period.

Discussion and Conclusion

Somatic cell count is in a wide range in healthy goats
because of secretion type (Souza et al., 2012). Physi-
ological changes occur in the mammary gland follow-
ing the start of lactation in the postpartum period.
Although there are different reports of transition from
colostrum to normal milk, the secretion passes to
normal milk after the approximately 10" day of lacta-
tion (Lu et al., 2016; Marounek et al., 2012; Sanchez-
Maciaz et al., 2014). Also, it is reported that milk so-
matic cell counts are influenced by lactation stage in
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small ruminants and accuration of mastitis by Califor-
nia Mastitis test are better in ewes than goats (Souza
etal., 2012).

Leitner et al. (2004) are stated that healthy goat’s
milk SCC is approximately 450 x10%mL in in their
study. It is reported that SCC averages are under 575
x10%mL in Saanen goats, while Muricano-Granadina
breeds averages are more than 1000 x10%mL
(Sanchez et al., 2005; Granado et al., 2014). In our
study, milk SCC of Damascus goats were under the
1000 x10%mL in all lactation periods. It is also report-
ed that milk SCC might be between 270 - 2000 x10%/
mL in healthy goats and it is not possible to obtain
reliable information about health of mammary gland
and milk quality by determining only SCC, regardless
of lactation period in goats (Moroni et al., 2005; Sou-
za et al., 2012). Unlike cattle, it is reported that breed
and lactation period (especially end of the lactation)
are one of the most important parameters for SCC in
goats (Granado et al., 2014; Kuchtik et al., 2015).
Similar to the findings of this study, Yakan et al.
(2019) reported that milk SCC increased in the late
lactation stages in the same breed of goats. This is
considered to be the lactation characteristic of Da-
mascus goats. While it is reported that SCC does not
change even if daily milking frequency increases in
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Murciano-Granadine breed goats (Salama et al.,
2003), in another study, it is reported that SCC de-
creases as daily milking frequency increases in Al-
pine breed goats (Komara et al., 2009). Granado et
al. (2014) reports that this is due to the dilution effect
of milk. Unlike other ruminants, the lactation charac-
teristic of goats in terms of SCC depends on breed
type along with other factors.

Electrical conductivity is a marker for early detection
of mastitis in cattle farms (Cavero et al., 2006). There
are contradictions in the literature about the relation-
ship between electrical conductivity and mastitis due
to breed factor in goats (Diaz et al., 2011). In a study,
it is reported that lactation stage is an important fac-
tor for electrical conductivity of milk in goats (Diaz et
al., 2011). In that study, it is reported that the signifi-
cant and gradual increase of electrical conductivity
was detected with the continuation of lactation.

Chemical composition of goat milk and cow milk are
similar (Kuchtik et al., 2015). However, goat milk has
more alkaline pH values. Hence, goat milk is more
suitable than cow milk for those suffering from stom-
ach acid imbalance (Kuchtik et al., 2015). On the
other hand, pH is one of the most important factors in
goats for dairy products like cheese (Yakan et al.,
2019). In a study comparing different breeds, the pH
of the milk is reported to be around 6.53-6.64 in the
early period of lactation (Agnihotri and Rajkumar,
2007), while in this study, it is determined that the
Damascus breed’s pH value is around 6.67-6.70 dur-
ing lactation stages. Considering the effect of lacta-
tion period on milk quality, it is determined that there
are no significant differences in terms of measured
pH according to lactation stage. In a study similar to
this study, pH is reported to be similar during the ear-
ly lactation period and other periods of lactation in
Sahel, Sokoto Red, WAD and Damascus goat breeds
(Addass et al., 2013; Yakan et al., 2019).

In a study investigating the effect of lactation period
on milk composition in Baladi goats in Egypt, it is
reported that lactose, which was around 4.00% in the
early period, was similar in the mid-lactation period
and decreased in the late period. However, it has
been determined that there is no significant change in
milk fat and protein (El-Tarabany et al., 2018). In an-
other study conducted in Saanen X Kilis crossbreed
goats, it is reported that milk fat, protein and lactose
contents were 3.45, 4.00 and 4.00%, respectively
(Guzeler et al., 2010). The Damascus goat's milk
composition has some differences than other breeds
at different lactation stages. It is thought that the pos-
sible reason of these differences are breed type and
different environmental features.

ELS covers the period when the lactation curve is
highest in Damascus goats, therefore, milk yield in
this stage constitutes the peak of lactation (Yakan et
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al., 2019). In the lactation periods with high lactation
yield, the decrease of milk fat is normal physiological
and biological property in ruminants. However, the
milk protein ratio is generally stable in lactation. It is
expected to be a pathological condition for this ratio
to change. Therefore, a negative correlation between
milk fat and milk protein in ELS confirms the relevant
mechanisms.

Fat-free dry matter consists of a very large amount of
lactose and protein and a very small amount of min-
erals and vitamins. Therefore, a very high positive
correlation between lactose and protein is to be ex-
pected. On the other hand, as the amount of solids
forming FFDM in milk increases, freezing point de-
creases, therefore the negative correlation between
these two parameters confirms the relevant mecha-
nisms.

It is known that protein, lactose, and electrical con-
ductivity are significantly affected by lactation stages
(Ceballos et al., 2009; Prasad et al., 2005; Yakan et
al., 2019). Prasad et al. (2005) was reported that fat,
protein and lactose parameters were strongly corre-
lated in all lactation. It is understood with this study
that MLS reflects the typical goat milk characteristics.

In a study, it was reported that positive and significant
correlations were found between electrical conductivi-
ty and SCC (<1000 x10*mL and >2000 x10%mL) in
mastitis-free goats (Diaz et al., 2011). It was believed
that it might also be related with mineral contents of
milk. With our results and other studies (Bruckmaier
et al., 2005; Diaz et al., 2011) it was understood that
nonspecific relations were found between SCC and
electrical conductivity in mastitis-free goats.

The results of this study showed that there were sig-
nificant differences in milk composition during lacta-
tion periods. Beside the secretion type of goats,
breed should be considered the most important fac-
tor. On the other hand, depending on the lactation
period, it is understood that more than one parameter
in milk is directly related to each other. For under-
standing the differences and relations, more studies
on the molecular level are needed on about milk
composition in Damascus goats.
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Summary:In the present study, goat milk fatty acid profile and some of the lipogenic genes activities in milk somatic
cells were evaluated during the lactation periods in Damascus goats. Relationship between fatty acid profile and lipo-
genic genes during the lactation were also investigated. The lactation periods of goats were divided to three stages as
early, mid and late lactation. Beside fatty acid profile, FASN, SCD, ACACA, SREBPF1, and PPARy genes expression
levels were determined in milk. It was determined that fatty acid contents of milk samples changed during the lactation
(P<0.05). FASN and SCD gene expression levels were downregulated in mid and late lactation stages (P<0.05). While
ACACA was almost 3 folds upregulated in mid lactation stage (P<0.05), SREBPF1 was approximately 9 folds downreg-
ulated in late lactation stage (P<0.01). Also, significant correlations were found between fatty acids and lipogenic
genes in different lactation stages (P<0.05). In conclusion, it was determined that Damascus goats showed different
metabolic activities in different stages of lactation in terms of both fatty acid profile and some lipogenic genes. It was
thought that more studies at the molecular level is needed for understanding the complex milk fatty acid profile mecha-
nism of goats.

Key words: Damascus goat, lactation period, lipogenic gene expression, milk fatty acids

Farkl Laktasyon Donemlerindeki Damascus Kegilerinde Siit Ozellikleri: 2. Yag Asidi Profili ve Onunla iligkili
Bazi Lipogenik Genlerin Ekspresyon Seviyeleri

Ozet: Bu galismada, laktasyon periyodundaki Damascus kegilerinde siit yag asidi profili ve siit somatik hiicrelerinde
bazi lipogenik genlerin aktiviteleri degerlendirilmistir. Ayrica, laktasyon boyunca yag asidi profili ile lipogenik genler
arasindaki iligki arastiriimistir. Kegilerin laktasyon donemleri erken, orta ve geg laktasyon dénemi olarak tge ayrilmistir.
Yag asidi profilinin yani sira sttte FASN, SCD, ACACA, SREBPF1 ve PPARYy genlerinin ekspresyon dlzeyleri belirlen-
migtir. St 6rneklerinde yag asidi igeridinin laktasyon boyunca degistigi tespit edilmistir (P<0.05). FASN ve SCD gen
ekspresyon seviyeleri erken ve geg laktasyon donemlerinde az ifade edilmistir (P<0.05). ACACA orta laktasyon done-
minde yaklasik 3 kat fazla ifade edilirken (P<0.05), SREBPF1 geg¢ laktasyon déneminde yaklasik 9 kat az ifade edilmis-
tir (P<0.01). Ayrica farkli laktasyon dénemlerinde yag asitleri ve lipogenik genler arasinda anlamli korelasyonlar bulun-
mustur (P<0.05). Sonug olarak Damascus kegilerinin laktasyonun farkli dénemlerinde hem yag asidi profili hem de bazi
lipogenik genler bakimindan degisik metabolik etkinlik gosterdigi belirlenmistir. Kegilerin karmasik olan sut yag asidi
profili mekanizmasini anlamak igin molekiler diizeyde daha fazla ¢alismaya ihtiya¢ oldugu disinulmektedir.

Anahtar kelimeler: Damascus kegisi, laktasyon periyodu, lipogenik gen ekspresyonu, sit yag asitleri

Introduction (Suburu et al., 2014). The proportions of dietary fatty
acids affect sustainable health of human. While over-
feeding with a diet rich in saturated fatty acids such
as C12:0, C14:0 and C16:0 have negative effects on
human health, it is reported that some of the short
fatty acids such as C4:0 has positive effects (Bernard
et al., 2012). Goat milk has higher levels of fatty acids
compared to cow’s milk (Lin et al., 2013). Also, goat

Major advances in animal breeding have been
achieved over the past century with effective breed-
ing techniques. Goat is one of the most important
farm animals and goat milk and dairy products are
valuable dietary resources for human nutrition
(Albenzio et al., 2012). Fatty acid profile is a signifi-

cant parameter for nutritional quality of milk and goat
milk has substantial differences in terms of milk fatty
acid profile (Bernard et al., 2012).

Fatty acids are essential components of mammals
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milk is richer than cow’s milk in C6:0, C8:0 and C10:0
fatty acids than cow’s milk (Chillard, 1997; Marounek
etal., 2012).

In ruminants, a number of fatty acids in milk are de
novo synthesized in the mammary gland. It is report-
ed that those fatty acids shorter fatty acids than
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C16:0 are derived mammary epithelial cells (Zhang et
al.,, 2015). On the other hand, arterial blood is the
other source of milk fatty acids and long chain fatty
acids are derived from triacylglycerides or non-
esterified fatty acids (NEFA) in arterial blood (Bernard
et al,, 2012; Zhang et al., 2015). Sources of C16:0
are either mammary gland or arterial blood (Zhang et
al., 2015).

As well as nutrition, lactation stage has an important
effect on milk fatty acid profile in ruminants. A series
of physiological changes occur in the ruminants dur-
ing the lactation period. In lactation the molecular
activity of the mammary glands along with lipogenic
organs changes. Therefore, a number of alterations
occur in the milk fatty acid profile directly and indirect-
ly depending on the complex molecular mechanisms
of mammary gland (Suburu et al., 2014;Zhang et al.,
2015).

Thanks to the development of technology in the last
20 years, the functioning of molecular mechanisms
has become more comprehensible. On the other
hand, molecular mechanism of fatty acids synthesis
in mammary gland has not completely understood,
yet (Atasoglu et al., 2009; Sun et al., 2016). In this
study, goat milk fatty acid profile and some of the
lipogenic genes activities in milk somatic cells are
evaluated during the lactation periods in Damascus
goats. Relationship between fatty acid profile and
lipogenic genes during the lactation has also been
investigated.

Materials and Methods
Animals and milk sampling

In the present study, milk samples of healthy 20
goats randomly selected from 200 animals were
used. The breed type of goats was Damascus. On
the other hand, goats were in 3" -4"Mactation periods.
A week after births, goats were on the pasture for
grazing (06:00 to 18:00 a day). Goats consumed con-
centrate feed (300 g/head/day) in addition to grazing.
The lactation periods of goats were divided to into
three stages: Early (10-20 days after parturition, Early
Lactation Stage (ELS)), mid (100-110 days after par-
turition, Mid Lactation Stage (MLS)) and late (200-
210 days after parturition, Late Lactation Stage
(LLS)). Milk samples were collected in these three
stages of lactation.

Collection of cream layer and somatic cells

Approximately 50 mL volume milk samples were cen-
trifuged at + 4 °C at 1800 xg for 15 min. Following the
centrifugation, samples were kept at -20 °C for about
15 min. Cream layers of samples were collected in
new sterile tubes with a volume of 1.5 mL when they
were ready to be collected for fatty acid analyzes.
Cream samples were kept at —20 °C until fatty acid
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analyzes.

After removing the cream layers, the supernatants
were removed and the cell pellets were taken to new
15 ml volume sterile and RNase-DNase free falcon
tubes with the help of PBS (Phosphate Buffered Sa-
line). Cell suspensions in the falcon tubes were com-
pleted with PBS to 15 mL and centrifuged at + 4 °C at
1800 xg for 15 min. After centrifugation, supernatants
of samples were discarded and approximately 1 mL
TRIzol Reagent (Sigma-Aldrich, USA) was added to
pellets for total RNA isolation. Pellets were homoge-
nized with TRIzol Reagent and stored -80 °C until
molecular analyzes.

Fatty acid analyzes

Fatty acid profile of samples was determined with
using approximately 500 yL cream from each sam-
ple. After homogenization the creams with 2 mL of
2N methanolic KOH for 4 min at room temperature, 4
mL n-Heptane (Merck, USA) was added to the sam-
ples. After waiting at room temperature for 2 min,
samples were centrifuged at 200 xg for 5 min. Aqua
phase containing Methyl esters was transferred to
vials with a volume 1.5 mL. Fatty acids of milk sam-
ples were analyzed by Gas Chromatography
equipped with flame ionization detector (Shimadzu
GC-2025, Japan), auto-injector (Shimadzu AOC-20i,
Japan) and Restek Rt-2560 column (100 m length,
0.25 mm ID x 0.20 ym). Temperatures of injector and
detector were both kept at 250 °C. Hydrogen was
used as carrier gas and the gas flow was 1.20 ml/
min. Injection mode was split mode with split ratio of
1:50 and total injection volume was 1 pL. Injector was
rinsed with n-heptan, three times pre-run and six
times post-run. Temperature gradient program was
used. The initial oven temperature was 100 °C (hold
for 2 min) and it was then increased by 4 °C/min until
250 °C (hold for 15 min). The run was 54.50 min. For
the verification of fatty acids, the determined sample
peaks retention times were compared with that of
internal standard (FAME Mix, Restek, USA).

Total RNA isolation and cDNA synthesis

Total RNA’s of samples were isolated according to
the TRIzol Reagent kit protocol (Rio et al., 2010).
Protocol of kit was as follows: After waiting approxi-
mately 15 min at room temperature, 0.25 mL chloro-
form was added to each sample and the samples
were gently homogenized. Samples were centrifuged
with chloroform at + 4 °C at 12000 xg for 15 min after
waiting 10 min at room temperature. Following the
separation of RNA with centrifugation, 400 pL aqua
phases were transferred to new 1.5 mL nuclease free
-sterile eppendorf tubes immediately afterwards. Iso-
propyl alcohol was added (half of using TRIzol) for
precipitation of RNA and then centrifuged at + 4 °C at
12000 xg for 10 min. Thereafter, supernatant of sam-
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ples were discarded and 70% ethyl alcohol was add-
ed to the each sample. Samples were centrifuged at
+ 4 °C at 7500 xg for 5 min and supernatants were
discarded. This step was repeated twice. Finally,
RNA pellets were centrifuged for washing with 99%
ethyl alcohol at + 4 °C at 7500 xg for 5 min. Superna-
tants was discarded from samples, and RNA pellets
were dried at room temperature for about 10-15 min.

RNA pellets were dissolved and homogenized with
30-100 uL of nuclease free water and checked for

Hiiseyin OZKAN

Cat no: 4367659) was used for gPCR analyses. The
reaction was arranged 10 min at 95 °C, followed by
15 sec at 95 °C, 60 sec at 60 °C, and 40 cycles in
gPCR (Bio-Rad CFX-96 Touch Real time PCR,
USA). Each cDNA sample was studied as duplicate
and G6PD gene was used as reference gene. Pri-
mers forward and reverse sequences were shown in
Table 1.

Table 1. Forward and reverse sequences of primers amplified genes

Genes Forward and Reverse Sequences of Primers Product Length
FASN* F: 5-GCACACAATATGGACCCCCA-3’ 183
R: 5-CATGCTGTAGCCTACGAGGG-3’
sco* F: 5-~ATCGCCCTTACGACAAGACC-3 186
R: 5-CATAAGCCAGACCGATGGCA-3
* F: 5- GCCTGCCCGAGTTTTGAGTG-3
ACACA R: 5-CGCACTCTGGAGCGGATAAA-3’ 10
PPARV* F: 5-GTTCAACGCGCTGGAATTAG-3 97
Y R: 5-GGGCTTCACATTCAGCAAAC-3’
. F:5-AACATCTGTTGGAGCGAGCA-3’
SREBPFT" R 5 TCCAGCCATATCCGAACAGC-3' 134
G6PD" F: 5-TGACCTATGGCAACCGATACAA-3 76

R: 5-CCGCAAAAGACATCCAGGAT-3’

*: Sequences of Primers were designed by authors, *:Sequences of primer were designed by Garcia-Crespo et

al. (2005)

quality. Samples purity and concentration were con-
trolled in the nucleic acid meter (Merinton, SMA-1000
UV Spectrophotometer). In addition to this step,
rRNA subunits (28S and 18S rRNAs) were evaluated
in 1% agarose gel electrophoresis (100V and 25
min).

After DNA digestion was performed for possible ge-
nomic DNA contamination with DNase kit (DNase |,
RNase free, Thermo Scientific, USA, Cat no:
ENO0525), RNA samples were converted to cDNA via
RevertAid first Strand cDNA synthesis kit (Thermo-
Scientific, USA). Thermal cycler (Bio-Rad T100,
USA) protocol was as follows: 10 min at 25 °C, 120
min at 37 °C, and 5 min at 85 °C. Following the reac-
tion, samples volumes were completed to 200 pL with
nuclease-free water and stored — 80 °C until gPCR
analyzes.

Quantitative Real-Time PCR application

After converting total RNA samples to cDNA, FASN
(Fatty Acid Synthase), SCD (Sterol CoA Desaturase),
ACACA (Acetyl-CoA Carboxylase Alpha), SREBPF1
(Sterol Regulatory Element Binding Transcription
Factor 1), and PPARy (Peroxisome proliferator-
activated receptor gamma) genes expression levels
were determined. Amplification of target genes was
performed using 10 pyL of each cDNA of samples.
SYBR Green dye containing kit (Power SYBR®
Green PCR Master, ThermoFisher Scientific, USA,

Statistical analysis

Descriptive statistics were described as
“MeantStandard error of mean”. Pearson correlation
coefficient was performed to determine the relation-
ships between the fatty acids and genes of goat milk.
MIXED procedure of SPSS (V22.0; SPSS Inc., Chi-
cago, IL, USA) was used to analyses the effect of the
period of lactation as early, mid and late term on the
fatty acid parameters of goat milk by using the follow-
ing model with repeated measures:

Yijk= p+ Pi+ eijk

Where, Yijk, dependent variable; p, overall mean; Pi,
effect of period of lactation (i = early, mid and late
term); and eijk, residual error.

Animals within group were assessed as a random
effect, while period of assessed as a fixed effect.
P<0.05 was considered as significant in all analyses.
Thrombogenic and atherogenic indexes were calcu-
lated using fatty acid parameters (Ulbricht and
Southgate, 1991). On the other hand, the 222°! meth-
od was used for gene expression calculations, and
results were given as fold changes (Livak and
Schimitgen 2001).
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Results
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Table 2. Fatty acids profile of milk samples in different stages of lactation (Means+SE)

Fatty acids ELS MLS LLS P

C4:0 (%) 1.5240.12%° 1.47+0.10° 1.87+0.15° <0.05
C6:0 (%) 1.9240.15 2.25+0.14 2.19+0.15 -

C8:0 (%) 2.1440.23° 3.25+0.20° 2.58+0.17° <0.01
C10:0 (%) 5.98+0.72° 10.94+0.67° 8.65+0.44° <0.001
C12:0 (%) 2.22+40.23° 4.56+0.33° 3.28+0.16° <0.001
C14:0 (%) 6.41+0.46° 9.68+0.64° 9.94+0.232 <0.001
C14:1 (%) 0.06+0.01° 0.1440.03° 0.42+0.02° <0.001
C15:0 (%) 0.46+0.03° 1.02+0.05° 1.04+0.03° <0.001
C15:1 (%) 0.28+0.012 0.24+0.01° 0.29+0.012 <0.01
C16:0 (%) 22.69+0.75° 24.71+1.11° 28.64+0.69° <0.001
C16:1 (%) 1.01+0.03° 0.99+0.09° 0.76+0.02° <0.01
C17:0 (%) 1.28+0.18° 1.11+0.11° 0.74+0.01° <0.01
C17:1 (%) 0.74+0.08° 0.78+0.09° 0.24+0.03° <0.001
C18:0 (%) 18.63+0.96° 12.57+0.91° 13.61+0.52° <0.001
C18:1 (%) 20.17+0.93 19.10+1.06 21.3040.79 -

C18:2 n6 trans (%) 1.16+0.20° 0.98+0.08° 0.28+0.02° <0.001
C18:2 n6 cis (%) 5.39+0.55° 2.74+0.17° 2.03+0.06° <0.001
C20:0 (%) 0.64+0.07° 0.34+0.06° 0.04+0.01° <0.001
C18:3 n6 (%) 0.56+0.07° 0.90+0.08? 0.46+0.04° <0.001
C18:3 n3 (%) 2.74+0.53° 1.09+0.16° 0.72+0.03° <0.001
C20:1 (%) 2.39+0.32° 0.20+0.05° 0.06+0.01° <0.001
C20:2 n6 (%) 0.82+0.14° 0.1440.05° 0.11£0.01° <0.001
C22:0 (%) 0.16+0.03 0.14+0.06 0.11+0.01 -

C20:3 n3 (%) 0.12+0.03° 0.110.03° 0.20+0.02° <0.05
C20:4 n6 (%) 0.28+0.05 0.330.07 0.17+0.02 -

C22:2 n6 (%) 0.09+0.01 0.13+0.02 0.09+0.01 -

C20:5 n3 (%) 0.090.01% 0.06+0.01° 0.10+0.012 <0.05
C22:6 n3 (%) 0.04+0.01° 0.04+0.02° 0.10+0.012 <0.001
SSFA 64.05+1.62° 72.05+1.24° 72.68+0.84° <0.001
SMUFA 24.66+0.90° 21.45+1.04° 23.07+0.80% <0.05
SPUFA 11.29+1.34° 6.51+0.53° 4.25+0.10° <0.001
SUFA 35.95+1.62° 27.95+1.24° 27.32+0.84° <0.001
Sn-6 8.42+0.88° 5.32+0.39° 3.33+0.09° <0.001
Sn-3 2.99+0.56° 1.30+0.19° 1.12+0.04° <0.001
Sné/n3 3.54+0.40° 4.68+0.32° 3.02+0.11° <0.001
ol 11.57+1.12° 17.91+0.02° 15.28+0.83° <0.001
NV 1.73+0.09° 1.34+0.09° 1.24+0.06° <0.001
Al 1.35+0.10° 2.13£0.19° 2.12+0.10° <0.001
Tl 1.27+0.07° 1.560.11° 1.75+0.06° <0.001

SFA: Saturated Fatty acids; MUFA: Monounsaturated fatty acids; PUFA: Polyunsaturated Fatty acids; UFA: Unsaturated fatty
acids; Ol: Odour index; NV: Nutritive Value; Al: Atherogenic index;

TI: Thrombogenic index

Ol= (C4:0+C6:0+C8:0+C10:0);

NV=(C18:0+C18:1)/C16:0;

Al= (C12:0+(4*C14:0)+C18:0)/>UFA,;

Tl= (C14:0+C16:0+C18:0)/((0.5*C18:1)+(0.5*ZMUFA)+(0.5*Xn6)+(3*Zn3)+(xn3/Zn6));

ab.c2b:Means with different letters in rows differ significantly
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It was determined that most of the fatty acids levels
of milk samples changed during the lactation period.
In ELS, besides C16:1, C17:0, C18:0, C18:2 n6
trans, C18:2 n6 cis, C20:0, C18:3 n3, C20:1 fatty
acids, polyunsaturated fatty acid (PUFA), unsaturated
fatty acid (UFA), monounsaturated fatty acid (MUFA),
n6, n3, and nutritive value levels were highest, while
C10:0, C12:0, C14:0, C14:1, C15:0, C16:0, SFA
(saturated fatty acid), odour index, atherogenic index
and thrombogenic index levels were lowest. On the
other hand, C4:0, C15:1, C18:0, C20:5 n3 fatty acids,
and MUFA levels were the lowest, meanwhile C8:0,
C10:0, C12:0 fatty acids, n6/n3 ratio, and odour index
levels were highest in the MLS. In addition, the levels
of C4:0, C20:3 n3, C20:5 n3, C22:6 n3 fatty acids
were highest, while C16:1, C17:1, C18:2 n6 trans,
C18:2 n6 cis, C20:0, C18:3 n6, C18:3 n3, C20:1,
PUFA, n6, n3, n6/n3, nutritive value were lowest in
LLS (Table 2).
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Significant changes were also determined in gene
expression levels. Compared to ELS, FASN and SCD
genes expression levels were downregulated almost
10 folds in MLS and LLS (P<0.05). On the other
hand, ACACA gene expression levels were almost 3
folds upregulated in MLS. In addition to this,
SREBPF1 were approximately 9 folds downregulated
in LLS (Figure 1).

mRNA Fold Changes
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'
+
— .
+

AAAAAAAAAAAAAAAAA

eeeee

Figure 1. Expression levels of lipogenic genes in
somatic cells during early, mid and late lactation
*: P<0.05; **: P<0.01

Table 3. Correlations between lipogenic genes and fatty acid parameters in different lactation stages

Param-
eters

ELS

MLS

LLS

FASN

SCD

ACA-

CA

SREB-
PF1

PPARy FASN SCD

SREB-
PF1

PPARy

FASN

SREB-

SCD PF1

PPARy

FASN

0.969"

0.940™

0.815"

0.723"

0.661"

SCD

-0.564

0.894™

0.932™

0.534"

ACA-
CA

-0.600*

-0.595"

0.706"

0.699"

SREB-
PF1

-0.531"

C4:0
(%)

0.522"

0.513*

0.501*

-0.729" 0496* 0.577

0.566"

C6:0
(%)

0.668"

0.624"

C8:0
(%)

0.587"

0.549

C15:0
(%)

0.628"

0.554"

C15:1
(%)

0.609"

c16:1
(%)

0.647

-0.552*

-0.564"

c18:2
trans
(%)

0.574"

C20:2
n6 (%)

-0.477

C22:0
(%)

-0.473

-0.474

-0.688"

C20:4
n6 (%)

-0.534

-0.469

-0.496

C22:2
n6 (%)

0.488*

C20:5
n3 (%)

-0.583

SPUFA

-0.471"

Ol

0.584"

0.557"

Al

0.507*

PUFA: Polyunsaturated Fatty acids; Ol: Odour index; NV:Nutritional Value; Al: Atherogenic index

Ol= (C4:0+C6:0+C8:0+C10:0);

NV= (C18:0+C18:1)/C16:0;
Al = (C12:0+(4*C14:0)+C18:0)/ZUFA*: P<0.05; **:P<0.01; ***:P<0.001; -:P>0.05
*:P<0.05; **: P<0.01

Only statistically significant differences were showed in Table 3.
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In addition to determining fatty acid profile and lipo-
genic genes expression levels in milk during lactation
periods, correlations between these parameters were
also investigated. Regulation of C4:0 fatty acid syn-
theses were found significantly correlated with FASN
and SCD genes in ELS and MLS. However, no corre-
lation was found between C4:0 fatty acids and the
gene studied in LLS. Also, positive and significant
correlations were found between other short-chain
fatty acids with FASN and SCD in ELS. In the mean-
time, FASN (r=0.584; P<0.05) and SCD (r=0.557;
P<0.05) were found significantly correlated with
odour index in this stage of lactation. Atherogenic
index of ELS samples were also correlated with ex-
pression levels of SCD (r=0.507; P<0.05).

C15:0 fatty acid was found positively correlated with
ACACA (r=0.628; P<0.05) and PPARy (r=0.554;
P<0.05) genes in ELS. On the other hand, there was
also positive correlation between C15:1 fatty acid and
PPARy in MLS (r=0.609; P<0.05). While C16:1 fatty
acid was correlated with ACACA (r=0.647; P<0.05) in
ELS, negative correlations were determined between
this fatty acid with FASN (r=-0.552; P<0.05) and SCD
(r=-0.564; P<0.05) in LLS. C18:2 n6 trans, one of the
longer fatty acid, positively correlated with PPARYy in
MLS (r=0.574; P<0.05).

Some of the fatty acids longer than C16:0 were found
strongly correlated especially in MLS and LLS
(P<0.05). While SCD gene expression levels were
found negatively correlated with C20:5 n3 (r=-0.583;
P<0.05), positive correlation was found between
PPARy and C22:2 n6 fatty acid (r=0.488; P<0.05).
Once again, negative correlations were found be-
tween C22:0 fatty acids with SCD (r=-0.473; P<0.05),
SREBPF1 (r=-0.474; P<0.05), and PPARYy (r=-0.688;
P<0.01) in LLS. Similar correlations were also found
C20:4 n6 and SCD (r=-0.534; P<0.05), SREBPF1 (r=
-0.469; P<0.05), and PPARy (r=-0.496; P<0.01) in
this stage of lactation. On the other hand, PUFA and
PPARYy were found negatively correlated in LLS (r=-
0.471; P<0.05) (Table 3).

Correlations between studied genes were also inves-
tigated (Table 3). FASN and SCD were found signifi-
cantly and highly correlated in all lactation stages
(P<0.01). Also, FASN and SCD gene expression
levels were significantly correlated with SREBPF1
gene expression levels in MLS and LLS samples
(P<0.01). While ACACA, the major regulator of fatty
acid biosynthesis, were positively correlated with
PPARy in MLS (r=0.706; P<0.01) and LLS (r=0.699;
P<0.01), negative correlations were found between
ACACA and SREBPF1 genes in ELS (r=-0.600;
P<0.05) and MLS (r=-0.595; P<0.05). But in this
study, SREBPF1, major lipogenic transcription factor,
were negatively correlated with PPARy in MLS (r=-
0.531; P<0.05) (Table 3).
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Discussion and Conclusion

It was reported that the levels of C4:0, C6:0, C8:0
and C10:0 fatty acids were higher in goat milk than
cow milk and all these fatty acids were more respon-
sible for milk odour index (Kompan and Komprej,
2012; Sun et al., 2016). C6:0, C8:0 and C10:0 fatty
acids were relatively abundant in goat milk, so they
were named as caproic, caprylic, and capric acid,
respectively (Kompan and Komprej, 2012). In a study
conducted on semi-intensive feeding Damascus
goats, a similar breed of this study, it was reported
that the ratios of C4:0-C8:0 fatty acids were similar
levels in all lactation stages (Gller et al., 2007). Un-
like the results of Giiler et al. (2007), the highest level
of C4:0, also known as butyric acid, was found in
LLS. Besides, the highest levels of C6:0, C8:0, and
C10:0 fatty acids were in MLS as expected. The main
reason for this difference was thought to be the fac-
tors such as the age and season of lactation. It was
reported that the amount of C6:0-C10:0 fatty acids
increased during the peak period of lactation in goats
(Strzatkowska et al., 2009).

While positive correlations were determined between
C4:0 fatty acids and most of the targeted genes ex-
pression levels in ELS and MLS, no correlation was
found between C4:0 and any other gene in LLS.
Mammary gland was reported to be the primary or-
gan where the synthesis of short-chain fatty acids in
milk occurs (Zhang et al., 2015). Therefore, physio-
logical changes at the molecular levels in the mam-
mary gland were thought to be the main reason for
the reduction of C4:0 fatty acids in MLS.

FASN, a vital enzyme expressed in many tissues at
different levels, was reported to perform majority of
the enzymatic stages of fatty acid synthesis (Badaoui
et al., 2007; Suburu et al., 2014). In most of the stud-
ies, researchers were focused on the relation be-
tween FASN gene and long chain fatty acid
(Kadegowda et al., 2009; Suburu et al., 2014; Zhu et
al., 2014). FASN is a multi-functional polypeptide
enzyme that produces saturated fatty acids and is a
priority for the synthesis of C16:0 fatty acid (Suburu
et al., 2014). It is reported to be responsible for the
production of C14:0 and C18:0 as well as C16:0 fatty
acids (Jayakumar et al., 1995). On the other hand, a
limited number of studies are found to investigate the
relationship between FASN and short chain fatty ac-
ids in goat milk (Izadi et al., 2016; Zhu et al., 2014).
Although FASN and SCD genes were reported to be
crucial in fatty acid metabolism, it was found that
these genes do not have a direct relationship to the
short-chain fatty acid ratios causing high odour index
in Damascus goat's milk. It is because FASN and
SCD gene expression levels decreased significantly
in MLS and LLS while odour index was high. It was
reported in a study conducted on goats, de novo lipo-
genesis mediated by SREBPF1 in mammary gland
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(Zhang et al., 2018). Also, SREBPF1 was reported to
be involved in the desaturation of fatty acids (Sun et
al., 2016). This transcription factor was reported to be
particularly effective on FASN and partially ACACA
gene (Yao et al., 2017; Xu et al., 2016).It was thought
that lower level of C15:0 might be caused by the as-
sociation of C15:0 with ACACA and PPARy in ELS
(Table 3). There was also positive correlation be-
tween C15:1 and PPARy in MLS (P<0.05). It was
reported that PPARY, one of the leading regulators of
lipogenesis, had a close relationship with lipogenic
genes such as FASN and ACACA (Zhu et al., 2015).
It was reported that SCD was directly regulated in the
mammary gland by SREBPF1 and PPARYy (Shi et al.,
2013). In an another study, it was reported that FASN
and SCD genes positively affect fatty acid composi-
tion of ruminant milk in terms of human consumption
(Izadi et al., 2016).

While C16:1 fatty acid was positively correlated to
ACACA in ELS (P<0.05), negative correlation was
found between this fatty acid and FASN and SCD in
LLS (P<0.05). Also some of the fatty acids longer
than C16:0 were found strongly correlated in MLS
and LLS (P<0.05). Although arterial blood was
showed as the source of long chain fatty acids
(Zhang et al., 2015), it was understood with this study
that the mammary gland and milk somatic cells were
also responsible for the long fatty acids in goat milk.

It was reported in a study that ACACA is one of the
most important target genes of SREBPF1 in goat
mammary epithelial cells (Xu et al., 2018). PPARy
was also reported to regulate genes associated with
fatty acid metabolism throughout lactation by trigger-
ing SREBPF1 (Bionaz and Loor, 2008; Kast-
Woelbern et al., 2004; Shi et al., 2013). Likewise, in a
study conducted on bovine mammary epithelial cells,
PPARy and long chain fatty acids were reported to
affect the regulation of lipogenic genes (Kadegowda
et al.,, 2009). But in this study, SREBPF1, a major
lipogenic transcription factor, was negatively correlat-
ed with PPARy in MLS (r=-0.531; P<0.05). It was
understood that the correlation between these two
genes in mammary gland might change in the differ-
ent lactation stages in goats and lipogenic pathway in
mammary gland were re-regulated with the metabo-
lism-responsible tissues of the organism in different
lactation stages. Izadi et al. (2016) and Yao et al.
(2017) were reported that SCD has a key role in syn-
thesis of MUFA and long chain fatty acids in general.
In this study, however, it was determined that there
was no direct relationship between SCD gene ex-
pression levels and MUFA in milk. Although SCD
known as an enzyme responsible for the synthesis of
MUFA and long-chain fatty acids, it was understood
from this study that SCD did not have the same effect
on somatic cells at every stage of lactation (Yao et
al., 2017). MUFA’s, relatively longer fatty acids, were
reported to have largely originated from arterial blood
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(Bernard et al., 2012; Zhang et al., 2015). Therefore,
it was thought that tissue specific activity of SCD
gene might led to these results.

Although it was reported that the synthesis of long
chain fatty acids mostly depends on diet (Zidi et al.,
2010), positive correlations were found between long-
er fatty acids and expression levels of lipogenic
genes in milk somatic cells.

Synthesis of fatty acids in goat mammary gland has
not fully been understood at the molecular level.
However, the main cause of differences between
breed in terms of fatty acid profile is reported to be
genetic (Zidi et al., 2010). Genetic factors at the DNA
levels are responsible for the formation of quantitative
characters but more studies are needed for under-
standing the environmental effects to molecular activ-
ity. Studies about fatty acid synthesis in goat mam-
mary gland are mostly conducted through cell culture
(Shi et al., 2013; Sun et al., 2016). This is one of the
factors that limit the understanding of the physiologi-
cal process of the milk fatty acid profile of goats. On
the other hand, the role of lipogenic genes in mam-
mary gland of goats remains unclear. While obtained
results, such as nutritive value and odour index, show
that milk is more preferable in the first period of lacta-
tion (ELS), it is thought that other lipogenic genes
should be investigated in goat milk with new studies
on the regulation of milk fatty acid composition.

In conclusion, the relationship between molecular
activity in milk somatic cells and milk fatty acid profile
was investigated in different lactation stages with this
study. In this way, substantial data was obtained from
Damascus goat milk. Researches about molecular
mechanism of mammary gland of goats were mostly
focused on cell culture studies. On the other hand, it
is generally known that long chain fatty acids in milk
originate from arterial blood. But in this study, signifi-
cant correlations were found between long chain fatty
acids in milk and lipogenic genes expressed in milk
somatic cells. In this context, it was understood that
more studies are needed for understanding the com-
plex mechanism of regulation the milk fatty acid pro-
file of goats.
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Ozet: RNA kalitesi, RT-gPCR performansi ve giivenilirligi agisindan dikkat edilmesi gereken énemli bir husustur. RT-
gPCR calismalarinda RNA kalite degerlendiriimesine dikkat edilmemesi, yapilan bilimsel ¢alismalarin guvenilirligi agi-
sindan 6nemli bir risk olusturmaktadir. Bu noktada, RT-qPCR galismasinin her agsamasinda gerekli standartlara uyul-
mas! ve RNA kalite degerlendirmesinin mutlaka yapilmasi gerekmektedir. RNA kalitesinin galigmanin her agamasinda
yiksek tutulmasi, RT-qPCR verimliliginin ve elde edilen sonuglarin guvenilirliginin artirlmasina olanak tanimaktadir.
Yapilan ¢ok sayida ¢galisma RNA kalitesinin RT-gPCR sonuglari Gizerine olan etkisini ve RNA kalite degerlendirmesinin
gerekliligini ortaya koymaktadir. Bu derlemede, RNA kalitesi, RNA kalite degerlendirmesine kullanilan yoéntemler ve
RNA kalitesinin RT-gPCR performansi Gzerine etkilerinden bahsedilmistir.

Anahtar kelimeler: Gen ekspresyonu, MIQE, RNA kalitesi, RT-qPCR

Quality Controls and Importance of RNAs Used in Quantitative RT-PCR (RT-qPCR) Applications
Summary: RNA quality is an important consideration for RT-gPCR performance and reliability. The lack of attention to
RNA quality assessment poses a significant risk for the reliability of scientific studies in RT-qPCR studies. At this point,
the required standards must be followed, and RNA quality assessment must be performed at every stage of the RT-
gPCR study. Maintaining high RNA quality at each stage of the study enables to increase efficiency of RT-gPCR and
reliability of the results. Numerous studies have demonstrated the effect of RNA quality on RT-gPCR results and the
need for RNA quality assessment. In this review; RNA quality, methods used for RNA quality assessment and the ef-
fects of RNA quality on RT-gPCR performance are discussed.

Key words: Gene expression, MIQE, RNA quality, RT-gPCR

Giris (splicing) varyantlarinin ekspresyon analizleri (Sethi
ve Palefsky, 2004) gibi ¢ok farkl alanlarda kullanil-
maktadir. Ancak, RT-qPCR 6zellikle gen ekspresyon
calismalarinda daha yaygin kullanim alani bulmakta-
dir (Kozera ve Rapacz, 2013; Green ve Sambrook,
2018). RT-gPCR tekniginde; genetik bilginin transk-
miktarinin belirlenmesine olanak saglayan molekiler ripsiyonu sonucu olusan mesajci RNA (messenger
bir tekniktir (VanGuilder ve ark., 2008). RT-qPCR'da RNA; mRNA), reverse transkriptaz (reverse transcrip-
olusan PCR Urinlerinin gercek zamanl olarak gorin- tase; RT) enzimi ile komplementer DNA'ya
tilenmesi, cift iplikciki DNA'ya baglanan floresan  (complementary DNA; cDNA) doniistiriimektedir.

Gergek zamanl kantitatif polimeraz zincir reaksiyonu
(Real Time Quantitative Polymerase Chain Reaction;
RT-gPCR); her bir PCR siklusu suresince olusan
PCR Urunlerin gercek zamanli olarak tespitine ve

boyalar yardimiyla mimkin olmaktadir. Bu amagla
en yaygin olarak kullanilan boyalardan biri Syber
Green I'dir (Li ve ark.,, 2016). Bunun yani sira,
TagMan prob ve molekiler boncuk (molecular bea-
con) gibi, yukseltgenen bdlgeye baglanarak floresan
ISima yapan daha gelismis ve spesifik oligonikleotid
temelli sistemler de bulunmaktadir (Kozera ve Ra-
pacz, 2013). RT-gPCR; gen ekspresyon calismalari
(Agaoglu ve ark., 2015; Agaoglu ve ark., 2016), ge-
nomik ve viral DNA kopya sayisi hesaplanmasi
(Ingham, 2005), allelik varyasyonlarin incelenmesi
(Johnson ve ark., 2004) ile genlerin spesifik siplays
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Olusan bu cDNA'lar gPCR reaksiyonunda hedef DNA
olarak kullaniimaktadir. Bu sayede ilgili genin eksp-
resyon dizeyinin tespiti miimkin olmaktadir (Valasek
ve Repa, 2005).

RT-gPCR caligmalarinin ilk adimini érneklerin toplan-
masi, saklanmasi ve RNA’nin izole edilmesi olustur-
maktadir. RNA izolasyonunda dikkat edilmesi gere-
ken baz kriterler bildirilmistir (Fleige ve Pfaffl, 2006)
(Sekil 1). Bu anlamda, izole edilen RNA’larin kalite ve
kantite kontrollerinin yapilmasi énemlidir (Green ve
Sambrook, 2018). Oyle ki, yapilan ¢ok sayida calis-
ma, RNA kalitesinin RT-gPCR sonuglarinin giivenilir-
ligi agisindan kritik éneme sahip oldugunu ortaya
koymaktadir (Imbeaud ve ark., 2005; Fleige ve ark.,
2006; Becker ve ark., 2010; Vermeulen ve ark., 2011;
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McGovern ve ark., 2018). RNA oldukga hassas bir
molekuldir (Becker ve ark., 2010). RNA'nin uzun
sire saklanmasli, olumsuz saklama kosullar, UV
Isinlar, alkalik pH, yuksek 1s1, metal iyonlari ve ortam-
da surekli olarak bulanabilen ribonikleazlar (RNaz)
RNA’nin kalitesi agisindan énemli bir risk olusturmak-
tadir (Becker ve ark., 2010; Nielsen, 2010; Vermeu-
len ve ark., 2011). Alkalik pH, nukleotidler arasindaki
fosfat gruplarinin yapisini bozarak, RNA’nin hizli bir
sekilde yikimlanmasina sebep olmaktadir. Bu neden-
le, RNA ile calisirken pH'nin nétral veya hafif asidik
degerlerde  bulunmasi gerekti§i  belirtiimektedir
(Nielsen, 2010; Nilsen, 2013). Benzer sekilde, ylksek
1Isi  RNA'nin yikimlanmasina sebep olmaktadir
(Nielsen, 2010). Bu nedenle, toplanan Ornekler sivi
nitrojen icerisinde dondurularak (Nilsen, 2013) veya
koruyucu soliisyonlar (RNALater) ile muamele edile-
rek 1siya bagli RNA kalitesinin dismesinin engellen-
mesi saglanabilmektedir (Nielsen, 2010). Ayrica, RT-
gPCR caligmalarinda kullanilan RNA’larin kalitesinin
korunabilmesi i¢in yapilan uygulamalarin buz uzerin-
de (0-4 °C) gergeklestiriimesi 6nerilmektedir (Das ve
ark., 2010; Nielsen, 2010). Pozitif yikli metal iyonlar
(Mg*2, Mn™2, Fe*?, Zn*? ve Pb*?) ise nétral pH'da fos-
fat gruplari ile etkilesim halinde bulunmaktadir. pH'nin
yukselmesi durumunda metal iyonlari hidrolizi tetikle-
yerek RNA zincirinin kirllmasina sebep olmaktadir
(Nilsen, 2013). Ancak, RNA kalitesine etki eden en
onemli faktér RNaz'dir (Nilsen, 2013). RNaz; yuksek
Isi ve kimyasal uygulamalara karsi oldukc¢a direngli
bir ribonukleazdir (Nilsen ve ark., 2013). RNaz; iyi
temizlenmemis cam malzemelerde, bakterilerde, in-
san derisinde, kontamine olmus pipet ve malzemeler-
de bulunmakta ve RNA molekdllerini hizl bir bigimde
yikimlayarak, RNA kalitesinin digsmesine neden ol-
maktadir (Nielsen, 2010; Green ve Sambrook, 2018).
Bu nedenle; RT-gPCR galismalarinda; cDNA asama-
sindan Once izole edilen RNA’nin yeterli kalitede ve
miktarda oldugunun kesin olarak belirlenmesi ve PCR
reaksiyonunun yuksek kalitedeki RNA ile strdirilme-
si gerekmektedir (Green ve Sambrook, 2018). Bu
sayede, RT-PCR g¢alismalarinda daha glvenli sonug-
larin elde edilmesi mimkin olmaktadir (Fleige ve

ark., 2006; Green ve Sambrook, 2018).
icermemeli icermemeli
olmamali \22 icermemeli igermemeli

Sekil 1. RNA izolasyonunda dikkat edilmesi gereken bazi
6nemli kriterler

Pozitif yiikli: metal iyonlarini
(Mg*, Mn*?, Fe*?, Zn*2 ve Pb*)
igermemeli

RT-gPCR uygulamalarinda; gen ekspresyon profilleri-
nin daha saglikli bir sekilde ortaya konulabilmesi icin
PCR asamalarinda izlenilmesi gereken temel gerek-
sinimleri iceren bir makale (Minimum Information for
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Publication of Quantitative Real Time PCR; MIQE
guidelines) yayimlanmistir (Bustin ve ark., 2009). RT-
PCR uygulamalari igin belirlenen bu standartlar saye-
sinde, yapilan g¢alismalarin guvenilirliginin ve verimlili-
gin artinlmasi ve farkh laboratuvarlar arasinda uygu-
lama birligi olusturulmasi hedeflenmistir (Becker ve
ark., 2010). MIQE standartlarinda, RNA kalite deger-
lendirmesi lGzerinde énemle durulmus ve dikkat edil-
mesi gereken hususlar belirtilmistir (Bustin ve ark.,
20009).

Bu derlemede, RNA'nin kalite kontroli, RNA’nin kali-
te kontroliinde kullanilan yontemler, RNA kalitesinin
RT-gPCR sonuglarinin guvenilirligi tzerine olan etki-
leri ve 6nemi hakkinda bilgiler 6zetlenmistir.

RNA izolasyonu

RNA izolasyonu amaciyla gelistirilmis farkli yontemler
bulunmaktadir. Genel olarak bu yéntemler; sollsyon
temelli yontemler (klasik RNA izolasyon yontemi) ve
kolon temelli yontemler (kati faz niikleik asit izolasyo-
nu) olarak siniflandinimaktadir ve bu yontemlerle ilgili
gelistiriimis ¢ok sayida ticari kit bulunmaktadir (Tan
ve Yiap, 2009).

Klasik RNA Izolasyon Yéntemi

Nukleik asitlerin izolasyonu; hucrenin ve hicresel
bilesenlerin pargalanmasi, niikleaz aktivitesinin en-
gellenmesi ve istenilen nikleik asit molekdillerinin
hlcresel bilesenlerden ayrilarak saflastiriimasi asa-
malarindan olusmaktadir (Nilsen ve ark., 2013). izo-
lasyon iglemi, RNA’nin izole edilecegi materyalin or-
ganik bir ¢6zlcl de yikimlanmasi ile baglamaktadir
(Li ve ark., 2016). Guanidin izotiyosinat ve sodyum
dodesil silfat (Sodium Dodecyl Sulfate; SDS) gibi
kimyasallar, RNA izolasyonu amaciyla kullanilan ma-
teryalin yikimlanmasi ve RNaz aktivitesinin engellen-
mesi amaciyla yaygin olarak kullaniimaktadir (Nilsen,
2013).

Guanidin izotiyosinat kullanilarak RNA izolasyonu, ilk
olarak Ullrich ve ark., (1977) tarafindan yapilmistir.
Daha sonra bu ydntem Chomczynski ve Sacchi,
(1987) tarafindan modifiye edilerek, tek bir adimdan
olusan bir izolasyon yontemi gelistiriimistir. Bu yonte-
min prensibi, RNA'nin guanidin izotiyosinat, fenol ve
kloroformdan olusan asidik sollisyon icerisinde,
DNA’dan ve diger hiicresel bilesenlerden ayriimasi
prensibine dayanmaktadir (Chomczynski ve Sacchi
2006). Fenol, proteinlerin hizl bir sekilde yikimlanma-
sini saglamaktadir (Sambrook ve Russel, 2001). Klo-
roform ise RNA’nin, DNA ve diger hiicresel molekiil-
lerden ayristiriimasi igin gerekli faz olusumunu sagla-
maktadir. Kloroform, sollisyonda (¢ ayr faz olustur-
maktadir (Li ve ark., 2016). Alt kisimda proteinleri
iceren organik faz (organic phase), tst kisimda izole
edilecek RNA'yi iceren sivi faz (aqueous phase) bu-
lunmaktadir (Nilsen ve ark., 2013; Li ve ark., 2016).
iki faz arasinda ise (interfaz) DNA ve bazi denatiiras-
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yona ugramis proteinler bulunmaktadir (Nilsen,
2013). Kloroform ayni zamanda sivi faz igerisindeki
fenoliin uzaklastirimasini saglamaktadir (Nielsen,
2010). izolasyon sirasinda kontaminasyonu engelle-
mek icin sadece RNA'y! iceren Ustteki sivi fazin alin-
masi ve kullanilan pipetin diger fazlara temasindan
kacinilimasi gerekmektedir (Nilsen ve ark., 2013). Sivi
faz alindiktan sonra izopropanol ile muamele edilerek
izole edilen RNA'nin safligi artinlabilmektedir
(Sambrook ve Russel, 2001).

RNA izolasyonunda fenol ve guanidin izotiyosinat
iceren TRIzol sollisyonu yaygin olarak kullaniimakta-
dir (Li ve ark.,, 2016; Green ve Sambrook; 2018).
TRIzol, hicreleri ve hicresel bilesenleri hizl bir se-
kilde yikimlayarak total RNA’nin izole edilmesine
olanak tanimaktadir. (Nilsen, 2013). RNA izolasyo-
nunda TRIzol kullaniminin; kullanilan kimyasallarin
hazir olmasi, elde edilen RNA miktarinin ylksek ol-
masi, uygulamasinin kolay ve hizli olmasi gibi avan-
tajlari bulunmaktadir (Nilsen, 2013; Green ve Samb-
rook, 2018). Ancak TRIzol solisyonunda bulunan
fenolik bilesikler, RT-gPCR’in inhibisyonuna neden
olabilmektedir (Nilsen, 2013). Bu nedenle, izole edi-
len RNA’daki tim fenol bilesiklerinin kesin olarak
uzaklastirimasi gerektigi belirtiimektedir (Green ve
Sambrook, 2018). RNA izolasyonu sonrasinda, RNA
peletini iceren sivi kismin berrak olmasi gerekmekte-
dir. Herhangi bir bulaniklik, RNA’'nin kontamine oldu-
guna isaret etmektedir. Bdyle bir durumda izolasyon
isleminin  tekrarlanmasi  gerektidi  bildiriimektedir
(Nilsen, 2013).

Kati Faz Niikleik Asit izolasyon Yéntemleri

Kati faz nikleik asit izolasyonu, ¢ogu ticari RNA izo-
lasyon kitinin temel prensibini olusturmaktadir (Tan
ve Yiap, 2009). Bu yéntem, klasik izolasyon yéntemi
ile kiyaslandiginda nikleik asitlerin hizli ve etkili bir
sekilde izolasyonuna olanak tanimaktadir (Esser ve
ark., 2005). Ayrica klasik yontemde karsilagilan faz
olusumu ile ilgili problemleri de ortadan kaldirmakta-
dir (Tan ve Yiap, 2009). Kati faz nukleik asit izolasyo-
nunda, nukleik asitleri (RNA ve DNA) bir silika memb-
ran Uzerinde toplayan saflastirma kolonlari yaygin
olarak kullaniilmaktadir (Rio ve ark., 2010a; Li ve ark.,
2016). Kolon igerisindeki membranlar nukleik asitleri
tutarken, nukleik asitler disindaki diger molekillerin
gecisine izin vermekte ve bu sayede RNA’nin saflag-
tinlmasini saglanmaktadir (Li ve ark., 2016). Ancak
cam partikll, diyatomlu toprak ve manyetik boncuk
gibi farkh prensiplerde galigsan kati faz niikleik asit
izolasyon sistemleri de bulunmaktadir (Tan ve Yiap,
2009; Rio ve ark., 2010a).

Kati faz izolasyon ydntemi; hlicrenin parcalanmasi,
nikleik asitlerin adsorpsiyonu, ylkama ve eliisyon
asamalarindan olugsmaktadir (Kojima ve Ozawa,
2002). ilk asamada biyolojik materyal bir lizis soliis-
yonu kullanilarak yikimlanmakta ve saflastirma kolon-
larina aktariimaktadir. Daha sonra, ylksek pH ve tuz
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konsantrasyonunun yardimiyla nikleik asitler kolon-
lardaki membranlara tutunmaktadir (Gjerse ve ark.,
2009). Nikleik asitlerin yani sira proteinler de memb-
ranlara tutunabilmektedir (Tan ve Yiap, 2009). Bu
nedenle, proteinler cesitli yikama adimlariyla uzaklag-
tinimaktadir. Proteinler uzaklastirildiktan sonra, ellis-
yon sollsyonlari ile niikleik asit membranlardan ayril-
maktadir (Gjerse ve ark., 2009). Yikama ve eltsyon
asamalarinda yuksek devirlerde santrifuj uygulanarak
RNA izole edilmektedir (Tan ve Yiap, 2009).

Kati faz RNA izolasyonu amaciyla farkli firmalar tara-
findan gelistirilmis ticari kitler kullaniimaktadir (Tan ve
Yiap, 2009; Rio ve ark., 2010a). Bu RNA izolasyon
kitlerinin bazilar total RNA izolasyonu amaciyla kulla-
nilirken, bazilar da istenilen spesifik RNA fragment-
lerinin [microRNA (miRNA), small interfering RNA
(siRNA), transfer RNA (tRNA), small nuclear RNA
(snRNA), small nucleolar RNA (snoRNA), mRNA]
izolasyonu amaciyla kullaniimaktadir (Rio ve ark.,
2010a).

RNA [zolasyonu Sonrasi RNA Kalitesinin Artiril-
masi Igin Yapilan Uygulamalar

RNA safliginin artiriimasi igin izolasyon sonrasi ilave
protokollerin uygulanmasi gerekebilmektedir (Nolan
ve Bustin, 2008). RNA hidrofilik bir yapidadir ve suda
kolayca ¢ozinebilmektedir (Rio ve ark., 2010b). Bu
nedenle, RNA'nin hidrofilik yapisinin azaltiimasi ve
RNA safliginin artirlmasi igin érneklere etanol presi-
pitasyonu yapilmasi Oneriimektedir (Rio ve ark.,
2010b; Nilsen, 2013; Walker ve Lorsch, 2013). Etanol
presipitasyonunda, RNA’nin hidrofilik yapisinin azal-
tilmasi igin pozitif yukli tuz molekilleri (sodyum ase-
tat, amonyum asetat, lityum klorid) kullaniimaktadir.
Pozitif yiklu tuz molekilleri RNA’nin negatif yikini
nétralize etmektedir. Etanol ise tuz molekilleri ile
RNA’nin daha rahat bir sekilde etkilesime ge¢cmesini
saglayarak, RNA'nin santrifiij sonrasi rahat bir sekil-
de cokturilmesine olanak tanimaktadir (Walker ve
Lorsch, 2013). Etanol presipitasyonunda, tuz moleki-
U olarak sodyum asetat yaygin bir sekilde kullanil-
maktadir (Nilsen, 2013; Walker ve Lorsch, 2013).
Sodyum asetat RNA molekullerinin etkili bir sekilde
¢cokturtlmesine yardimci olurken, herhangi bir reaksi-
yonun inhibisyonuna neden olmamaktadir (Walker ve
Lorsch, 2013). Etanol presipitasyonu sayesinde, 15
nikleotid ve daha blyik RNA fragmentleri kolayca
cokturtlmekte ve RNA safligi artirilabilmektedir (Rio
ve ark., 2010b). Ancak etanol presipitasyonu igin
RNA 6rneklerinin konsantrasyonunun en az 10 ug/mL
olmasi gerektigi belirtimektedir (Rio ve ark., 2010b;
Nilsen, 2013).

RNA izolasyonu sonrasinda, RNA’nin safliginin arti-
rilmasi igin yapilan bir diger islem genomik DNA’'nin
uzaklastiriimasidir (Nolan ve Bustin, 2008; Green ve
Sambrook; 2018). Genomik DNA, PCR sirasinda
hedef mRNA ile birlikte ylUkseltgenerek yaniltici so-
nucglara sebep olabilmektedir. Hedef mRNA miktari-
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nin yuksek olmasi durumunda, genomik DNA’nin
yukseltgenmesi 6nemsiz olarak degerlendirilebilmek-
tedir. Ancak hedef mRNA miktarinin disik olmasi
durumunda genomik DNA'nin yikseltgenmesi, hedef
mRNA'nin yikseltgendigi seklinde degerlendirilebil-
mektedir (Green ve Sambrook, 2018). Bu nedenle,
genomik DNA’'nin uzaklastiriimasi ve RNA safliginin
artinlmasi icin RNA o6rneklerine DNaz uygulamasi
yapilmasi 6nerilmektedir (Nolan ve Bustin; 2008;
Bustin ve ark., 2009).

RT-qPCR Uygulamalari igin Kullanilan RNA’nin
Kalite Kontrolleri ve Onemi

RNA Kkalitesi, izole edilen RNA'nin bitinligine (RNA
integrity) ve safligina (RNA purify) bakilarak deger-
lendiriimektedir (Becker ve ark., 2010). RNA'nin safli-
g1 ve bltunligu farkh kavramlardir. Bu nedenle, RNA
safligi ve butinligu ile ilgili élguimlerin birbirinden
bagimsiz bir bicimde degerlendirilmesi gerekmektedir
(Die ve Roman, 2012). Guvenilir RT-gPCR c¢alismala-
ri icin RNA btinligindn ve safliginin iyi olmasi ge-
rekmektedir (Fleige ve Pfaffl, 2006; McGroven ve
ark., 2018). Bu nedenle de galisma 6ncesi RNA kali-
tesinin belilenmesi 6nem tasimaktadir (Green ve
Sambrook, 2018).

RNA Kalite ve Kantite Kontrolleri

RNA'nin kalite kontroll igin farkli yontemler kullanil-
maktadir. Ancak RNA Kkalite kontrolleri genel olarak;
klasik jel elektroforezi, spektrofotometrik yontemler,
mikrofluidik kapiller elektroforez sistemi ve 3':5’ orani
kullanilarak yapilmaktadir (Fleige ve Pfaffl, 2006;
Becker ve ark., 2010; Green ve Sambrook, 2018).

Agaroz Jel Elektroforezi

Agaroz jel elektroforezi, RNA kalitesinin degerlendiril-
mesinde kullanilan klasik bir ydntemdir. Bu yontem,
ribozomal RNA (rRNA) kalitesinin ayni zamanda
mRNA kalitesini yansittigi prensibine dayanmaktadir
(Die ve Roman, 2012). Bu yontemde, rRNA bantlari-
ninin yogunluklari birbirine oranlanarak (28S/18S)
degerlendirme yapilmaktadir. Bu oranin 2’'ye yakin
olmasi; RNA biitlinliginin iyi olduguna dair bir gos-
terge olarak kabul edilmektedir (Becker ve ark., 2010;
Nilsen, 2013). Ancak bu yéntemde rRNA bantlarinin
gOrunimu; elektroforez sartlarina, yuklenen rRNA
miktarina ve floresan isima amaciyla kullanilan kim-
yasala gore degisebilmektedir. Bu nedenle, bu yén-
tem diger yéntemlere kiyasla daha az guvenilir kabul
edilmektedir (Die ve Roman, 2012). Ayrica hassasi-
yet ve spesifitenin disiik olmasi (Fleige ve Pfaffl,
2006) ve etidyum bromid gibi toksik kimyasallarin
kullaniimasi bu yéntemin diger dezavantajlarindandir
(Huang ve Fu, 2005). Buna ragmen RNA jel elektro-
forezi, RNA Kkalitesinin degerlendiriimesinde diger
yontemlerin dogrulugunun teyit edilmesi ve guvenilirli-
gin artinlmasi icin kullanilmaya devam edilmektedir
(Die ve Roman, 2012).
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Spektrofotometrik Yontemler

RNA kalitesinin degerlendiriimesinde kullanilan bir
diger yontem, RNA Kkalitesinin optik yodunlugun
(optical density; OD) olgimudur (Becker ve ark.,
2010). Bu yontemde RNA’nin safligi, érneklerin farkl
dalga boylarindaki élgiimlerine bakilarak yapilmakta-
dir (Die ve Roman, 2012). Nukleik asitler 260 nm ve
proteinler 280 nm dalga boyunda maksimum absor-
bans degerine sahipken, kontamine edici faktorler
230 nm ve 320 nm dalga boyunda maksimum absor-
bans degerine sahiptir (Becker ve ark., 2010). RNA
safliginin degerlendiriimesinde ¢ogunlukla, érneklerin
260 nm dalga boyundaki absorbans degerinin 280
nm dalga boyundaki absorbans degerine orani
(ODgeor280) dikkate alinmaktadir. Bu oranin 1.8-2,0
arasl olmasi durumunda, fenol ve protein kontami-
nasyonunun olmadigi ve RNA safliginin iyi oldugu
kabul edilmektedir (Taylor ve ark., 2010). Ancak bu
yontemin, RNA'nin batdnlagundn ve yikimlanma du-
rumunun (degradation) tespiti noktasinda yetersiz
kaldigi belirtiimektedir (Nolan ve Bustin, 2008).

Mikrofluidik Kapiller Elektroforez

Bu sistem, total RNA butiunluginin oélciimesinde
kullanilan kapiller elektroforez temelli otomatize bir
sistemdir (Becker ve ark., 2010). RNA kalite kontrolu
amaciyla, farkli firmalar tarafindan gelistiriimis ticari
Uriinler (Agilent Technologies; 2100 Bioanalyzer ve
Bio-Rad Laboratories; Experion) bulunmaktadir
(Becker ve ark., 2010; Die ve Roman, 2012). Bu sis-
temde, bir ¢ip Uzerine ylklenen drneklerin elektrofe-
rogramdaki pik degerleri kaydedilerek degerlendirme
yapillmaktadir. Sistem ayni zamanda o&rneklerin jel
benzeri bir gortntisini olusturmaktadir. Elde edilen
pik degerleri kullanilarak Orneklerin 28S/18S orani
hesaplanmaktadir. Orneklerin bitiinligini degerlen-
dirmek icin ise RNA butunlik degeri (RNA Integrity
Number; RIN) ve RNA kalite géstergesi (RNA Quality
Indicator; RQI) degerleri hesaplanmaktadir (Becker
ve ark., 2010).

RIN degeri; 28S pikinin yukseklidi, 18S ve 5S pikleri
arasindaki alanin orani (fast area ratio) ve belirte¢
pikinin yuksekligi dikkate alinarak hesaplanmaktadir.
RQI degeri ise; 28S, 18S ve pre-18S alanlari deger-
lendirmeye alinarak hesaplanmaktadir. Elde edilen
RIN/RQI degerleri 1-10 arasinda siniflandiriimaktadir
(Die ve Roman, 2012). En disik RIN/RQI degeri
olan 1; tim RNA'nin yikimlandigini gésterirken; RIN/
RQI degeri 10; RNA o6rneklerinin butinliginin iyi ve
RNA’nin kaliteli oldugunu gostermektedir (Becker ve
ark., 2010; Die ve Roman, 2012). Bu iki RNA kalite
degerlendirme sisteminin de benzer guvenilirlik orani-
na sahip oldugunu bildiriimektedir (Riedmaier ve ark.,
2011). RIN degerlerinin 8’in Gzerinde olmasi sadlam,
yuksek kaliteli RNA orneklerini, 5 ile 8 arasinda olma-
sI orta derecede bozulmus 6rnekleri, 5'in altinda ol-
masi ise yikimlanmis RNA 6rneklerini isaret etmekte-
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dir (Fleige ve Pfaffl, 2006; Pazzagli ve ark., 2013).
Buradan hareketle, RIN degerleri 5'in Gzerinde olan
RNA &rneklerinin kullaniimasi, RT-gPCR ile guvenilir
bir sekilde sonuglarin elde edilmesini saglayacaktir
(Fleige ve Pfaffl, 2006; Pazzagli ve ark., 2013).

Genel olarak, trtin boyutu 400 baz ciftinden (bg) da-
ha uzun olan RNA fragmentlerinin yukseltgenmesin-
de RNA butunluginin énemli oldugu ve bdyle bir
durumda &rneklerin RIN degerlerinin en az 5 olmasi
gerektigi ifade edilmektedir. Uriin boyutunun 70-250
b¢ arasi olmasi durumunda ise RNA butunlagindn
daha az 6nem tasididi belirtimektedir. RNA kalitesi-
nin RT-qPCR lzerine olan etkisinin azaltiimasi igin
primerlerin genin daha i¢ bolgelerinden dizayn edil-
mesinin bir ¢ézim yolu olabilecegi belirtiimektedir
(Fleige ve Pfaffl, 2006).

RNA Kalitesinin Degerlendirilmesinde 3’:5’° Orani

RNA kalite degerlendirmesinde kullanilan 3':5" orani,
bir referans genin cDNA sentezi sonucu olusan amp-
likonlarinin ttm mRNA kalitesini yansittigi prensibine
dayanmaktadir (Nolan ve ark., 2006; Die ve Roman,
2012). Buna gore, bir referans genin mRNA'sinin 3’
ucundaki poli A kuyruguna baglanan RT enzimi, 5’ug-
ta herhangi bir yilkimlanma olmasi durumunda bu
bblgeyi atlamaktadir. Bunun sonucunda 5 ucuna
yakin olan dizilerin cDNA urun miktari, 3’ ugtaki poli A
kuyruguna yakin dizilere gére daha az olmaktadir
(Nolan ve ark., 2006; Die ve Roman, 2012). Bu ora-
nin 1 olmasi durumunda RNA kalitesinin iyi oldugu, 5
Uzeri olmasi durumunda RNA Kkalitesinin disuk oldu-
gu kabul edilmektedir (Nolan ve ark., 2006; Nolan ve
Bustin, 2008). Bu ydntemin avantaji, RNA kalitesinin
rRNA bitinligine goére degil, direkt olarak mRNA
kalitesine gore degerlendiriliyor olmasidir (Vermeulen
ve ark., 2011; Die ve Roman, 2012). Dezavantaji ise,
cDNA sentezinde kullanilan oligo dT primerlerin bir-
den fazla diziyi hedef almasidir. Béyle bir durumda,
hedef mRNA kismen yikimlanmis olsa bile, hedef disi
dizilerin ylikseltgenmesine bagli olarak RNA kalitesi-
nin yanlis yorumlanabilecegi belirtimektedir (Die ve
Roman, 2012).

Gen Ekspresyonu Calismalarinda RNA Kalitesinin
Onemi

RNA Kalitesinin RT-qPCR Performansi Uzerine
Etkisi

Yapilan ¢ok sayida galismada, RNA kalitesinin RT-
gPCR performansini énemli dlglide etkileyebilecegi
ortaya konmustur (Imbeaud ve ark., 2005; Fleige ve
ark., 2006; Vermeulen ve ark., 2011; McGovern ve
ark., 2018). Imbeaud ve ark. (2005) insanlarda farkh
dokulardan RNA'yi izole etmis ve RNA kalitesinin RT-
gPCR performansi Uzerine etkilerini incelemislerdir.
Yuksek RIN degerine sahip 6rneklerin ekspresyon
dizeyinin daha digsik RIN degerine sahip 6rneklere
gore daha yuksek oldugunu belirlemislerdir. Bu ne-
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denle, RNA butinliginin RT-gPCR sonuclarina
onemli bir etkisi oldugunu ve farkh RNA butlnlik
degerlerinin gen ekspresyon seviyesinin 2-7 kata
kadar etkileyebilecegini bildirmiglerdir. Fleige ve ark.
(2006) sigirlara ait farkli doku 6rneklerinden RNA'yi
izole etmisler ve RNA kalitesinin RT-gPCR perfor-
mansi Uzerine etkilerini incelemiglerdir. Bu amagla
deneysel olarak belli oranlarda RNA’yI yikimlamislar-
dir. Calisma sonunda RIN degerleri ile Cq
(quantification cycle) degerleri arasinda negatif bir
korelasyon oldugunu belirlemigler ve dusuk kalitedeki
RNA’nin Cq degerini artirdigini bildirmislerdir. Bu
nedenle, RT-gPCR calismalarinda RNA kalite deger-
lendirmesinin gerekli oldugunu ifade etmislerdir.
Hammerle-Fickinger ve ark. (2009) sigir kan érnekle-
rinden farkli izolasyon yoéntemlerini kullanarak total
RNA izole etmigler ve RNA kalitesinin RT-gPCR Ulze-
rine etkilerini incelemiglerdir. Yiksek RIN degerine
sahip 6rneklerde RT-gPCR etkinliginin daha ylksek
oldugunu bildirmiglerdir. Becker ve ark. (2010) farkli
sigir dokularinda (karaciger, kas ve akyuvarlar) yap-
tiklan calismada, RNA yikimlanmasinin RT-qPCR
performansi uzerine etkilerini incelemiglerdir. Yikim-
lanma oraninin artmasiyla, 6rneklerin RIN degerleri-
nin azaldigini tespit etmiglerdir. RIN degeri ve Cq
arasinda negatif bir korelasyon oldugunu belirlemigler
ve disik RNA Kalitesinin RT-gPCR performansini
olumsuz etkiledigini bildirmiglerdir. Vermeulen ve ark.
(2011) noéroblastoma hicre hatti ve biyopsilerinden
izole edilen RNA o&rneklerinin kalitesinin RT-gPCR
performansi uzerine etkilerini incelemislerdir. Yiksek
RNA kalitesinin RT-gPCR performansini artirdigini ve
bu nedenle RNA kalite kontroliniin, daha givenli
sonuglar icin gerekli oldugunu bildirmislerdir. Karls-
son ve ark. (2016) ratlarda yaptiklar ¢alismada don-
mus ve stabilizatoér kullanilmis doku orneklerindeki
(oda sicakliginda) RNA kalitesini ve bu RNA kalitesi-
nin RT-gPCR performansi Uzerine etkilerini incele-
miglerdir. Donmus doku 6rneklerinde RIN degerinin
stabilizator kullaniimis érneklerden 1 birim daha ylk-
sek oldugunu tespit etmislerdir. Ayrica spektrofoto-
metrik 6lgimlerde de RNA kalitesinin stabilizator kul-
lanilan 6rneklerde daha disik oldugunu bildirmigler-
dir. Bunun sebebinin stabilizator kullanilan érneklerde
devam eden RNaz aktivitesinden kaynaklanmis olabi-
lecegini bildirmiglerdir. Ancak her iki ydntemde de RT
-gPCR performansi arasinda énemli bir farklihk bu-
lunmadigini rapor etmislerdir. McGovern ve ark.
(2018) kuzularda yaptiklari galismada, 6lim sonrasi
surenin (karaciger, dalak, iskelet kasi, ileum, tiroid)
farkli post-mortem dokularda RNA Kkalitesi (izerine
olan etkilerini incelemiglerdir. Surenin artmasiyla bir-
likte dokularin cogunda RNA 6&rneklerinin RIN deger-
lerinin dustugind (karaciger hari¢), buna bagl olarak
tiroid, iskelet kasi ve ileum 6rneklerinde RT-qPCR
performansinin azaldigini bildirmislerdir.

RNA butinliginin, gen ekspresyon ¢aligmalarindan
elde edilecek sonuglarin guvenilirligi agisindan 6nem-
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li oldugu vurgulansa da, kismi olarak yikimlanmig
RNA drnekleri ile de guvenilir sonuglarin elde edilebi-
lecegdi belirtiimektedir (Ozalp ve ark., 2010; Die ve
Roman, 2012; Romero ve ark., 2014). Ozalp ve ark.
(2010) sicakligin RNA safligi ve batinligind olum-
suz etkiledigini ancak buna kargin butinligi iyi olma-
yan RNA oérnekleri ile de RT-gPCR uygulamasinin
basarli bir sekilde yurutilebilecegini bildirmiglerdir.
Benzer sekilde, Romero ve ark. (2014) da disik kali-
tedeki RNA ile gen ekspresyon galismalarinin yuratu-
lebilecegini ifade etmislerdir.

RNA Kalitesinin Referans Gen Stabilitesi Uzerine
Etkisi

Referans genler veya diger bir adiyla housekeeping
genler; RT-gPCR sonuglarinin normalizasyonu ama-
ciyla kullanilan genlerdir (Bustin ve ark., 2009). RT-
gPCR calismalarinda, RNA butinligindeki varyas-
yonlarin normalizasyon ile birlikte elimine edilecegi
distnudlmektedir (Die ve Roman, 2012). Ancak Pérez
-Novo ve ark. (2005) RT-gPCR calismalarinda kulla-
nilan 10 farkli referans genin, kismen yikimlanmis ve
RNA kalitesi iyi olan drneklerdeki stabilitesini karsi-
lastirmislar ve bu referans genlerin ekspresyon sevi-
yelerinin, kismen yikimlanmis RNA 6rneklerinde da-
ha yuksek oldugunu tespit etmislerdir. Bu nedenle,
disik RNA kalitesinin RT-gPCR normalizasyonu
agisindan bir risk olusturdugunu belirtmiglerdir. Ver-
meulen ve ark. (2011) da benzer sekilde RNA kalite-
sinin referans gen stabilitesini etkiledigini ve dusuk
RNA kalitesinin referans gen stabilitesinde azalmaya
sebep oldugunu bildirmislerdir. McGovern ve ark.
(2018) post-mortem kuzu dokularinda RIN degerinin
dismesine bagli olarak referans gen stabilitesinin
azaldigini  belirlemiglerdir. RIN degerlerindeki ufak
disUslerin bile normalizasyon igin risk olusturdugunu,
bu nedenle daha givenilir RT-gPCR sonuglari igin
RIN degerlerinin de dikkate alinmasi gerektigini bildir-
mislerdir. Genel olarak RNA kalitesi diistik drneklerde
normalizasyon islemi yapmanin guvenilir sonuglar
vermeyecegdi ve bu 6rneklerin degerlendirmeden ¢i-
kariimasi gerektigi ifade edilmektedir (Pérez-Novo ve
ark., 2005; McGroven ve ark., 2018).

RNA Kalitesinin Tiim Genom Gen Ekspresyon
Profili Uzerine Etkileri

RNA kalitesi yalnizca RT-qPCR sonuglarini degil,
mikrogipler ile yapilan tim genom gen ekspresyon
profilleme sonuglarini da etkileyebilmektedir. Schoor
ve ark. (2003) RNA yikimlanmasinin tim genom gen
ekspresyon profili Gzerine etkilerini arastirmiglardir.
Kismi RNA yikimlanmasinin gen ekspresyon profilini
az bir oranda da olsa olumsuz etkiledigini belirlemis-
lerdir. RT-qPCR ile de gen ekspresyon profili sonug-
larint dogrulamiglardir. Buna karsin, kismi olarak
yikimlanmig RNA &rnekleri ile gen ekspresyon galis-
malarinin yapilabilecegini ve glivenilir sonuglarin elde
edilebilecegini bildirmiglerdir. Opitz ve ark. (2010)
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disutk RNA kalitesinin gen ekspresyon profili Gzerine
etkilerini arastirmiglardir. Deneysel olarak kanser
biyopsi 6rneklerini 60 ‘C’de farkh sirelerde tutarak,
RNA'y1 farkli derecelerde yikimlamiglardir. RNA yi-
kimlanmasinin artmasiyla RIN degerlerinde azalma
oldugunu ve RNA yikimlanmasinin ¢ip Uzerinde test
edilen 41000 probdan 275'ini etkiledigini belirlemisler-
dir. Yikimlanmis RNA 6rneklerinin gen ekspresyon
profili degerlendirmesinin yanlis yorumlamaya sebep
olacagini ve bu nedenle gen ekspresyon analizinde
dusuk kalitedeki RNA orneklerinin ekspresyon profil-
lerininin  degerlendirmeden c¢ikarilmasi gerektigini
bildirmislerdir. Romero ve ark. (2014) ise, savunma
sistemi hucrelerinden elde ettikleri RNA &rneklerini
farkh oranda yikimlayarak RNA kalitesinin tim ge-
nom gen ekspresyonu profili izerine etkilerini incele-
mislerdir. Oda sicaklijinda RNA 6rneklerini; 0-12, 12-
24, 24-48 ve 48-84 saat arasinda degisen farkh sire-
lerde yikimlamiglardir. Yikimlanma suresinin artma-
siyla orneklerin RIN degerlerinin azaldiini tespit
etmiglerdir. RIN degeri azalmasina bagli olarak eksp-
resyonu etkilenen gen sayisinda artis oldugunu ve
disiik RIN degerine sahip érneklerin tim genom gen
ekspresyon profilini olumsuz etkiledigini bildirmisler-
dir. Buna ragmen, farkli bir normalizasyon stratejisi
olusturarak, dusiik RIN degerine sahip drneklerin gen
ekspresyon profillerinin degerlendirilebilecegdini ortaya
koymuslardir.

Sonug

RT-gPCR sonuglarini  etkileyen RNA kalitesinin
onemli bir faktdr olmasi sebebiyle, calismanin her
asamasinda MIQE standartlarina uyulmasi ve galis-
ma oOncesinde guncel kalite kontrol yontemleriyle
RNA kalite degerlendiriimesinin yapilmasi énem tasi-
maktadir. Yapilan c¢ok sayida calisma, RT-gPCR
calismalarinda RNA kalite degerlendirmesinin gerek-
liligini ortaya koymaktadir. Bu nedenle, gen ekspres-
yon analizi ¢calismalarinin ylksek kalitede RNA ile
yuritilmesi gerekmektedir. Bu anlamda gen ekspres-
yonu c¢alismalarinda RT-qPCR performansinin artma-
sI ve daha guvenilir sonuglarin elde edilmesi mimkin
olacaktir.
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Ozet: Bu olgu sunumunda Simmental irki 2 giinliik bir buzagida karsilagilan koksigeal agenezi, atresia ani et vulva,
vaginal ektopi ile beraber seyreden ¢oklu kongenital anomali olgusunun tanisi ve sagdaltim sonuglari degerlendirildi.
Olguyu kuyruk, anius ve vulvanin olmamasi sikayeti ile klinigimize getirilen 2 giinltik Simmental irki bir buzagi olusturdu.
Yapilan klinik muayenede; kuyruk agenezisi, atresia ani et vulva ve buzaginin digki ve idrarini perineal bolgede ektopik
vaginadan koken alan yumusak fluktuan bir kitlenin delinmesi sonucu yapmakta oldugu saptandi. Operatif olarak uzak-
lastirilan kitlenin histopatolojik incelemesinde vagina mukozasi ile uyumlu non-keratinize gok katli yassi epitel belirlen-
di. Sonug olarak; nadir olarak rastlanilan bu vakanin klinik pratie ve literatiire katki saglayacak nitelikte oldugu dusu-
nulda.

Anahtar kelimeler: Anomali, atrezia ani et vulva, buzagi, kaudal agenezis, kloaka olusumu

A Case of Multiple Congenital Anomaly in Calf
Summary: In this case report, the diagnosis and treatment results of multiple congenital anomalies accompanied by
coaxial agenesis, atresia ani et vulva, vaginal ectopy in a 2-day-old Simmental calf were evaluated. Our case is compo-
sed of a 2-days old simmental calf brought to our clinic with the complaint of absence of tail, anus and vulva. Clinical
examination revealed tail agenesis, atresia ani et vulva. It was also detected that the calf was excreting stool and urine
in the perineal region as a result of perforation of a soft fluctuant mass originating from the ectopic vagina. Histopatho-
logic examination of the operatively removed mass revealed non-keratinized multilayer squamous epithelium consis-
tent with vaginal mucosa. As a result, we think that this case, which is quite interesting, will contribute to clinical practi-

ce and literature.

Key words: Anomaly, atresia ani et vulva, calf, caudal agenesis, cloacal formation

Girig

Dogumdan sonra viicudu olugturan her tirli yapi ve
organlarda fonksiyon bozuklugu seklinde gdrilen
kusurlar kongenital anomali olarak tanimlanmaktadir
(Bademkiran ve ark., 2009; Abdel-Hakiem ve Aref,
2012). Kongenital anomaliler giftlik hayvanlarinda
nadir gorilmesine ragmen ekonomik olarak 6nemli
kayiplara yol agmasi ve kalitsal olarak yeni nesillere
aktarilmasi sebebiyle blylk 6nem arz etmektedir
(Belge ve ark., 2000). Evcil hayvanlarda kongenital
anomalilere oldukga sik rastlanmasina ragmen coklu
kongenital anomalilere sayica az rastlanildig bildiril-
mektedir (Bademkiran ve ark., 2009; Demiraslan ve
ark., 2014; Yayla ve ark., 2017).

Kongenital anomalilerin sebebi kesin olarak bilinme-
mektedir ancak; embriyogenezis veya fotal gelisme-
nin gesitli evrelerinde genetik, cevresel veya genetik-
cevre etkilesimlerine bagl yaygin olarak olusabilece-
gi belirtiimektedir (Newman ve ark., 1999; Yurdakul,
2019). Ayrica beslenme bozukluklari, stres faktorleri,
hatali damizlik secimi, gebelik déneminde embriyo
gelisimi icin zararl olan c¢esitli ilaglarin kullaniimasi ve
gebeligin erken tanisi amaci ile uygulanan rektal pal-
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pasyonun etkili olacag: ifade edilmektedir (Alkan ve
ark., 1997; Belge ve ark., 2000; Atiba ve Farrag,
2016).

Bu olgu sunumunda; 2 gunlik Simmental irki bir bu-
zagida sekillenen ¢oklu kongenital anomalilerin tanisi
ve uygulanan sagaltim sonuglarinin degerlendiriimesi
amagclanmistir.

Olgu Tanimi

Bu olgu sunumunun materyalini; Sivas Cumhuriyet
Universitesi Veteriner Fakiiltesi Cerrahi Anabilim Dali
klinigine kuyruk, anis ve vulvasinin olmamasi sikaye-
ti ile getirilen 2 glinlik, 25-30 kg arasinda Simmental
irki bir buzag@i olugturdu. Yapilan klinik muayenede
buzaginin perineal bélgesinde yumusak ve hafif fluk-
tuan kivamda bir kitlenin oldugu, buzagi sahibinin bu
fluktuan kitleyi u¢ noktasindan kesici bir alet ile del-
mesi neticesinde buzadinin Urinasyon ve defakasyo-
nunu fluktuan kitlede sonradan sekillenen fistlil araci-
lig1 ile yaptigi tespit edildi (Sekil 1).

Dogmasal ¢oklu Urogenital sistem anomali tanisi ko-
nan olguya cerrahi olarak operasyon yapilmasina
karar verildi. Operasyon bolgesinin gerekli rutin hazir-
liklarini takiben intramuskdler olarak 0.2 mg/kg do-
zunda kullanilan Ksilazin HCI (Rompun®, Bayer) ile
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sedasyon saglandiktan sonra operasyon masasina
ventro-dorsal pozisyonda yatirilan buzaginin operas-
yon bolgesine 15-20 ml Lidokain (L-Anestin®, Alke) ile
infiltrasyon anestezisi uygulandi. Anomali olarak ka-
bul edilen kitle dip kismindan ug¢ kismina dogru sivaz-
lanarak kitle icerigi fistll agzindan bébrek kuivet iceri-
sine bosaltildi. Bosaltilan igerigin digki ve idrarla kari-
sik oldugu goérildi. Operasyon bdlgesinin asepsi-
antisepsisini takiben bolge steril ortiilerle sinirlandiril-
di. Bolge operasyon i¢in hazir hale getirildikten sonra
aseptik kosullarda fistll agzi barsak pensi ile kapatil-
di (Sekil 2). Perineal boélgede belirlenen kitlenin dip
kismina sirkuler bir sekilde ensizyon yapildi ve deri
alt bag dokulari kit diseksiyonla ayirt edilerek bolge-
ye ulasildi. Kitlenin [limenli yapisindan dolayi vagina
olabilecegi dislnuldi ve bu limenli yapininda dor-
salde rektum ile birleserek kloakal bir yapi olusturdu-
gu tespit edildi. Operasyonda dorsalde yer alan kloa-
kal yapiya herhangi bir midahalede bulunulmaksizin
bdlgede olusan kitle ekstirpe edildi. Daha sonra aciga
cikan lumenli yapi basit ayri dikisler ile bdlgedeki
kaslara dikildi. Kitle bdlgesindeki kas ve deri karsi
karsiya getirilerek bolge kapatildi ve operasyon ta-
mamlandi ($ekil 3).

Operasyonla alinan kitle 48 saat formaldehit ¢ozelti-
sinde bekletildikten sonra trimlenip alkol ve ksilen
serilerinden gegirilerek parafinde bloklandi. Bloklanan
dokulardan mikrotomda 5’er mikron kalinliginda lam

Sekil 1. Olgunun klinik muayenedeki gorinimu
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Uzerine kesitler alinarak Hematoksilen-Eozin (HE) ile
boyandi ve histopatolojik olarak degerlendirildi. Ali-
nan doku 6rneginin histopatolojik incelenmesi sonu-
cunda mukozanin non-keratinize ¢ok katli yassi epitel
ile doseli oldugu ve epitel dokunun altinda bez yapisi
bulunmayip bol miktarda kan damari tespit edildi.
Dokunun mikroskobik goértntustnin vajinal dokusu
ile uyumlu oldug@u belirlendi (Sekil 4).

Operasyon tamamlandiktan sonra hayvan sahibine
postoperatif 7 giin sireyle 2 ml / 25 kg parenteral
olarak penisilin+streptomisin (Reptopen S, CEVA-
DIF) ve operasyon yaralarina da lokal antiseptik uy-
gulamalarinin yapilmasi o6nerildi. Olgunun durumu
hakkinda postoperatif 1 ay sireyle hasta sahibinden
alinan bilgiler dogrultusunda hayvanin Urinasyon ve
defakasyonunu sorunsuz bir sekilde bu kloakal yapi-
dan yaptigi ve buzaginin genel durumunun iyi oldugu
ogrenildi (Sekil 5).

Sekil 2. Digki ile bulasik fistlllesmis kloakal kitlenin
preoperatif gérinimui
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Sekil 3. Kitle ekstirpe edildikten sonra ektopik vaginal
yapi

3

Sekil 4. a. Kapali olan anus boélgesi (yildiz), b. Alinan
kitlenin olusturdugu kloaka bdlgesinin formaldehit
tespitinden sonraki kesit yuzli (oklarin sinirlandirdigi
alan), c. Non-keratinize ¢ok katli yassi epitel ile dése-
li mukoza (ok), HE, X10, d. Cok katli yassI epitelin
bazal membrani (ok) ve epitel altindaki kan damarlar
(ok basr), HE, X40

ibrahim YURDAKUL

Sekil 5. Olgunun postoperatif gorinimu

Tartisma ve Sonug

Konjenital anomalilerin siklikla kas-iskelet, sindirim ve
santral sinir sistemini az sayida ise Urogenital, géz ve
deri defektlerini igerdigi belirtiimektedir (Pamuk ve
ark., 2010). Ciftlik hayvanlarinda artrogripozis, hidro-
sefali, kist dermoid, atresia ani ve atresia rekti, atre-
sia ani, atresia ani ve rektovaginal fistll, arkir, bule-
tur, gobek fitki ve kongenital damak yariginin en sik
karsilagilan anomaliler oldugu bildiriimektedir (Belge
ve ark., 2000; Isler ve ark., 2016). Evcil hayvanlarda
kongenital anomalilere sayica ¢ok rastlanmasina
ragmen, multiple kongenital anomalilere oldukg¢a az
sayida rastlanildigi belirtiimektedir (Krishna ve ark.,
2009; Demiraslan ve ark., 2014). Cerrahi klinigimize
ilk kez goklu Urogenital sistem anomalili bir olgunun
gelmesi multiple kongenital anomalilere ¢cok az sayi-
da rastlanildigini dogrulamaktadir.

Klinigimize getirilen bu olguda kaudal agenezis, atre-
sia ani ve vulva, kloaka olusumu ve vaginal ektopinin
bir arada goérilmesinden dolayl olguya dogmasal
¢oklu Urogenital sistem anomalisi tanisi konuldu. Su-
nulan bu vakada ektopik vaginadan olugan ampulvari
bir kese igerisinde kloakal kanaldan gelen digki ve
idrar karigimi kitle igerisinde birikerek kitlenin zaman-
la buylumesine, yumusak ve fluktuan olmasina neden
oldugu dugunuldd. Ayrica buzadinin perineal bolge-
sindeki ampulvari fluktuan kitlenin ug¢ kismindaki fistdl
araciligi ile Urinasyon ve defekasyonunu yaptigi ve
perineal bolgenin yer yer digki ile bulasik oldugu go6-
ruldd. Operasyon ile alinan ampulvari kloakal kitlenin
histopatolojik muayenesinde vagina mukozasi ile
uyumlu non-keratinize ¢ok katl yassi epitel dokusu
ile doseli oldugu ve bez yapilarina rastlanmadigi ve
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¢ok sayida kan damari bulundugu tespit edilmis olup
olguya ektopik mega vagina tanisi da konmustur.
Sonug olarak c¢oklu kongenital anomalilere ¢ok az
sayida rastlanmasina kargin olgularin gogunun teda-
visinin zor olmasindan ve ¢ogunlukla élumle sonug-
lanmasindan dolayl bu tur olgularin erken tani ve
erken cerrahi sagaltim ile uzun sire yagsamlarini de-
vam ettirebilecegi ve ekonomik kayiplarin en aza
indirilebilecegi sonucuna variimigtir.
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derlemeler ve olgu sunumlar sirasiyla 30, 45 ve 15'ten
fazla kaynak igermemelidir.

Kaynaklar;

. Kaynak streli yayin ise;

Omek: Kaldhone P, Nayak R, Lynne AM, Dvaid DE,
McDermott PF. Characterisation of Salmonella enterica
serovar Heidelberg from Turkey-associated sources. Appl
Environ Microbiol 2008; 74(16): 5038-46.

Kaynak editorli kitaptan bir boluim ise;

Ornek: Hornbeck P. Assay for antibody production. Colign
JE. Kruisbeek AM. Marguiles DH. eds. In: Current Protocols
in Immunology. New York: Greene Publishing Associates,
1991; pp. 105-32.

Kaynak kitap ise;

Ornek: Fleiss JL. Statistical Methods for Rates and
Proportions. Second Edition. New York: John Wiley and
Sons, 1981, p.103.

Kaynak editorl kitap ise;

Ornek: Balows A, Mousier WJ, Herramafl KL, eds. Manual
of Clinical Microbiology. Fifth Edition. Washington DC: IRL
Press, 1990; p. 37.

Kaynak kongre bildirisi ise;

Ornek: Entrala E, Mascarp C. New structural findings in
Cryptosporidium parvum oocysts. Eighth International
Congress of Parasitology (ICOPA VIII). October, 10-14, 1994;
izmir-Tirkiye.

Kaynak tez ise;

Ornek: Erdem V. Kopek gbéz hastaliklarinda klinik
oftalmoskopik ve ultrasonografik bulgularin degerlendiriimesi,
Doktora tezi, Ankara Univ Sag Bil Ens, Ankara 2003; s. 1-2.
Kaynak internette bulunan bir web sitesi ise;

Ornek: TUIK. Hayvancilik Istatistikleri. http:/www.tuik.gov.tr/
hayvancilik.app/hayvancilik.zul; Accessed Date: 14.03.2010.
Eserler dergide yayimlandiktan sonra, butin sorumluluk
sahiplerine aittir.

Yazilar gonderilirken son kontrol listesi izlenecek ve “Telif
Hakki Devir Formu” tum yazarlarca isim sirasina gore
imzalanacaktir. Yazim kurallarina  uygun olarak
hazirlanmayan yayinlar igleme alinmayacaktir.
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11.

12.

13.
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16.

Instructions to Authors

The Journal of Faculty of Veterinary Medicine, Erciyes
University  publishes  original  research  articles,  short
communications, case reports, letter to editor and original review
articles related to the field of Veterinary Medicine.

Formal language of manuscripts is Turkish. Manuscripts
in English are also accepted. The publication of English-
language manuscripts is given priority.

Publications should be in A4 format, double spacing and Arial 10
font size. With a margin of 2.5 cm from each edge, the page
number should be placed at the bottom right of the pages. Original
articles and reviews should not exceed 14 pages and case reports,
research notes and short papers should not exceed 7 pages
including illustrations, figures and references.,

Manuscripts should be sent to ercvet@gmail.com. For
correspondence, author's name, tittle, ORCID number, and E-mail
address should be written on cover page of the manuscripts.
Studies were presented in a meeting and published as an abstract
can be published with indication of this status at the bottom of the
cover page.

Information should be included on any institutions financially
contributed to the study as a footnote on the cover page.

The cover page should be supplied as a separate page and
include: Turkish running title (bold and first letters capital), English
title (first letters capital), short title (max 40 characters and first
letters of first word is capital, others should be written as small),
author(s) names (without titles), author(s) affiliations (Superscript
numbers should be given to the surnames of authors as affiliation
information).

The summaries in Turkish and English should be written on the
next page. The title page must contain the Turkish and English
summaries (up to 250 words) with no paragraph and not more than
five Key words in Turkish and English. Key words must be placed
below summary with an alphabetical order (comma delimited). Only
the first Key word must start with a capital letter. For non-Turkish
authors, there is no obligation to write summary and
keywords in Turkish.

Original research paper must be organized as follows: Cover page,
Summary (Turkish and English), Key words (Turkish and English),
Introduction, Material and Methods, Results, Discussion and
Conclusion,  Acknowledgements, References,  Tables and
Figures and Correspondence. All titles in the text should be written
in bold. There should be no paragraph indent in the text and
continuous line number should be given.

Review articles are considered for publications if they are original
and contain recent developments and accepted for publication if
the authors have at least 3 papers directly related to the subject.
Reviews must be organized as follows: Summary (Turkish and
English), Key Words (Turkish and English), Introduction, Sub-
headings of the subject, Conclusion, Acknowledgements,
References, Tables and Figures and Correspondence.

Case reports must be organized as follows: Summary (Turkish and
English), Key Words (Turkish and English), Introduction, Case(s),
Discussion and Conclusion, Acknowledgements, References,
Tables and Figures and Correspondence.

In the studies requiring the ethics approval, the name and approval
number of the institution of the Ethics Committee must be specified
in the Materials and Methods section of manuscript.

The place where the tables and figures belong in the text should be
indicated as underlined and upperlined.

Decimal expressions should be used in the dot.

Species names and anatomical terms in Latin should be italicized.
All measurement specifications must follow the SI (Systeme
Internationale) units.

Tables must be given in a separate page after the text. First letters
of first word should be capital, others should be written as small in
the headings of the tables. Title of tables and figures should be
numbered in order as Table 1. Internal and lateral lines should not
be used in the tables. Descriptive information and explanations
should be placed below the tables.

17.

18.

19.

19.2.

19.3.

19.4.

19.5.

19.6.

19.7.

20.

21.

Each picture, graphic and drawing; should be given as figure and
should be written as Figure 1. Each one should be on a separate
page. Descriptive information and explanations should be placed
below the figures. Pictures should be the least 300dpi resolution.
References should be specified in the text at the end of the
sentence. Author surnames and the date of publication should be
specified in parentheses. If the reference has two names, the
names should be given after the publication year (eg, Kaldhone
and Nayak, 2008). If the reference has more than two names
should be given as “et al.,” (eg, Kaldhone et al., 2008). If the
source is used at the beginning of the sentence, the year of
publication should be specified in parentheses after the names of
the authors.

References should be placed in alphabetical order and hanging 0.5
cm inwards in the references section. Punctuation should be taken
into consideration as shown in the examples, Journal abbreviations
must be in line with Index Medicus. The reference list must not
contain more than 30, 45, and 15 references for original
research articles, reviews and case reports, respectively.
References;

. If the reference is a periodical, citation must be done as shown

below;

Example: Kaldhone P, Nayak R, Lynne AM, Dvaid DE, McDermott
PF, Logue CM, Foley SL. Characterisation of Salmonella enterica
serovar Heidelberg from turkey-associated sources. Appl Environ
Microbiol 2008; 74(16): 5038-46.

If the reference is from chapter of a book with an editor, citation
must be done as shown below;

Example: Hornbeck P. Assay for antibody production. Colign JE.
Kruisbeek AM. Marguiles DH. eds. In: Current Protocols in
Immunology. New York: Greene Publishing Associates, 1991;
pp. 105-32.

If the reference is a book, citation must be done as shown below;
Example: Fleiss JL. Statistical Methods for Rates and Proportions.
Second Edition. New York: John Wiley and Sons,1981; p.103.

If the reference is whole book with an editor, citation must be as
below;

Example: Balows A, Mousier WJ, Herramafl KL, eds. Manual
of Clinical Microbiology. Fifth Edition. Washington DC: IRL
Press, 1990; p. 37.

If the reference is from meeting, citation must be done as shown
below;

Example: Entrala E, Mascarp C. New structural findings in
Cryptosporidium  parvum  oocysts. Eighth International
Congress of Parasitology (ICOPA VIII). October, 10-14, 1994;
izmir-Tirkiye.

If the reference is from a thesis, citation must be done as shown
below;

Example: Erakinci G. Investigation of Antibodies Against Parasites
in Blood Donors. PhD Thesis. Ege Univ. Institute of Health
Sciences. Parasitology Program, I1zmir-Turkey, 1993.

The reference is a website on the internet, citation must be done
as shown below; _

Example: TUIK. Hayvancilik Istatistikleri. http://www.tuik.gov.tr/
hayvancilik.app/hayvancilik.zul; Accessed Date: 14.03.2010.

Once the studies one published in the journal, all the responsibility
belongs to the authors.

The final checklist should be followed when submitting
manuscripts and the “Copyright Release Form” must be signed by
all authors in order. Manuscripts which are not prepared in
accordance with the “Instructions for authors” will not be
processed.
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TELIF HAKKI DEVRI / COPYRIGHT RELEASE

ERCIYES UNIVERSITESI VETERINER FAKULTESIi DERGISi / JOURNAL OF FACULTY OF

VETERINARY MEDICINE, ERCIYES UNIVERSITY

Makale Turd/ Article Type: wiof o] 20..

(...) Arastirma [ Research (...) Derleme [ Review (...) Kisa Bilimsel Calisma / Short Communication

(...) Olgu Sunumu [ Case Report (...) Editore Mektup [ Letter to Editor

Makale Basligi/Article

X 014 =T PPN

Sayin Editér,
Yayinlanmasi dilegiyle Erciyes Universitesi Veteriner Fakiiltesi Dergisi’ne génderdigimiz makalenin yazarlari olarak;

Derginizde yayimlanmak tizere yollamis oldugumuz makalenin orijinal oldugunu; bilimsel ve etik sorumlulugunun bize ait
oldugunu,

2-  Makalenin; daha 6nce yayimlanmadigini, derginizdeki degerlendirme siirecinde baska bir yayin organina yayimlanmak lizere
gonderilmedigini ve génderilmeyecegini,
3-  Makalenin; kisilik ve telif haklarina aykiri kanun disi maddeler icermedigini,
4-  Gerekli goriilen diizeltmelerle birlikte her tiirli yayin hakkini, yazinin yayimlandig) giinden itibaren Erciyes Universitesi
Veteriner Fakdiltesi Dergisi’ne ait oldugunu kabul ve beyan ederiz.
Dear Editor,

Here we affirm and warranty as the Author(s) of this manuscript submitted to Journal of Faculty of Veterinary Medicine, Erciyes
University that;

The manuscript /We submitted to the Bulletin is original and responsibilities belong to us ethically and scientifically,

The manuscript has not been previously published, being considered for publication by any other journal and will not be
submitted to any other journal for such review while under evaluation by this bulletin,

The manuscript contains no unlawful statements and does not contain any materials that violate any personal or proprietary
rights.

The Journal of Faculty of Veterinary Medicine, Erciyes University reserves all rights with due corrections from the date it has
been published onwards.

Yazar/ Yazarlarin Adi
Author’s/Authors’ Printed Name

Imza/Signature:..........coeeen.

mza/Signature:..........cceee

Jmza/Signature:.........cceeene

Jmza/Signature:..........cc.o.e.

mza/Signature:........cccccoeen

Not/Note: Formu asagidaki adrese,e-mail ya da posta yolu ile génderiniz veya elden teslim ediniz./ Please send this form to the address
below by e-mail, post or deliver personally.

Erciyes Universitesi Veteriner Fakiiltesi Dergisi / Journal of Faculty of Veterinary Medicine, Erciyes University

Erciyes Universitesi Veteriner Fakiiltesi Dergisi Editorliigii, 38039, Melikgazi-KAYSERI / TURKIYE
Tel/Phone: 0352 339 94 84 Faks/Fax: 0352 337 27 40  e-posta/e-mail: ercvet@gmail.com
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SON KONTROL LISTESI

Makalenizi géndermeden 6nce litfen bu bélimdeki maddelerle karsilastirma yapiniz ve eksiklikleri

gideriniz.

Eksiksiz doldurulmus ve butlin yazarlarca imzalanmis “Telif Hakki Devri Formu”
(http://ercvet.gmail.com adresinden ulasabilirsiniz) makale ile birlikte génderildi.

Metnin tamamu ¢ift aralikli (5 mm) yazildi (Ozetler, tablolar, sekil alt yazilari, kaynaklar v.d. dahil).
Her bir kenarda 2,5 cm bosluk birakildi.

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

Kapak sayfasinda, makalenin basligi (sadece yazim dilindeki) koyu (bold) yazildi, kisa baglik
eklendi.

Kapak sayfasinda, yazar isimleri agik olarak yazildi (kisaltma yok).
Kapak sayfasina dipnot (varsa) eklendi.

Turkge baslk yazildi.

Tarkce 6zet yazildi.

Turkge anahtar kelimeler (alfabetik sirali ve ilk kelimenin ilk harfi blyuk digerleri kiigik harfle
yazildi) verildi.

ingilizce baslk yazildi.

ingilizce 6zet yazild.

ingilizce anahtar kelimeler verildi.

Sekillerin orijinal halleri eklendi.

Metin icinde sekiller ardisik numaralandi.

Sekil boyutlar min.=8x20; max.=16x20 cm.
Metin iginde tablolar ardigik numaralandi.
Tablo boyutlari min.=8x20 cm; max.=16x20 cm.
Sekil ve tablolarin metin iginde gelmesi istenilen yer belirtildi.
Sekiller listesi ayri bir sayfa olarak hazirlandi.
Her sekil ayri sayfaya yerlestirildi.

Tablolar listesi ayri bir sayfa olarak hazirlandi.
Her tablo ayri sayfaya yerlestirildi.

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.



FINAL CHECKLIST

Before you submit your work, please take the time to be certain that your paper (and other writings

as applicable) is in the correct format and that you have included everything necessary by checking it

against this checklist.
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Copyright Release Form has been enclosed, completed and signed by all authors
(http://ercvet.gmail.com).

Entire paper has been 5 mm double-spaced (abstract, tables, captions/legends, references).
Margins have been 2,5 cm each side.
Font size has been 10 pt (Arial).

Lines have been numbered.

Title of the manuscript has been written bold and short title added on the cover page.
Author(s) names have been fully written (not abbreviated) on the cover page.

Footnote has been given on the cover page (if necessary)

English title has been given.

English summary has been given.

English keywords have been given alphabetically.

Turkish title has been given.

Turkish summary has been given.

Turkish keywords have been given alphabetically.

Orijinal figures have been enclosed.

Orijinal figures have been prepared correctly according to instructions.
Figures have been referred to consecutively in the paper.

Dimensions of figures have been min =8x20 cm; max.=16x20 cm.
Tables have been referred to consecutively in the paper.

Dimensions of tables have been min =8x20 cm; max.=16x20 cm.
Figures and tables have been stated requiring put on the manuscript.
Names of figures have been given on a separate page as figure list.
Each figure has been given on a separate page.

Names of tables have been given in a separate page as table list.
Each table has been given on a separate page.

References has been typed according to instructions.

Corresponding address has been given.
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