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Anahtar Kelimeler

Cemen otu

Besin madde icerigi
In vitro

Sindirim

* Sorumlu Yazar

resitaldemir@yyu.edu.tr

Calisma Van YYU Ziraat Fakiiltesi deneme arazisinde 1 ve 20 Nisan
2012 tarihinde ekimi yapilan c¢emen bitkisi kuru otunun Kkalite
Ozelliklerini incelemek amaciyla yiiriitiilmiistiir. EKimde rhizobium
bakteri inokulanti, diamonyumfosfat (DAP), kentsel aritma ¢amuru
(KAC), humik asit (HA), ciftlik gilibresi (CG) uygulanmistir. Elde
edilen ¢emen otlarmimn kuru madde (KM), ham kiil (HK), organik
madde (OM), ham protein (HP), nétral deterjan fiber (NDF), asit
deterjan fiber (ADF) degerleri ve in vitro KM, HK ve OM sindirimleri
tespit edilmistir. Calisgma sonunda 20 Nisanda, bakteri ve humik asit
uygulamasinin hayvan besleme ag¢isindan besin madde igeriklerini
goreceli olarak artirdigi belirlenmistir. /n vitro sindirim degerleri
dikkate alindiginda ise 1 Nisanda ekimi yapilan ¢gemen bitkisine bakteri
uygulamasi ve DAP giibresi kullanilmasimin daha iyi oldugu sonucuna
varilmistir. Ancak tek yillik sonuglar tarimsal iiretimde c¢ok fazla
dikkate alinmamaktadir.

The Effect of Differrent Sowing Time, Bacteria and Fertilizer Types on
Nutrient Content and in Vitro Nutrient Digestion of Fenugreek
(Trigonella Foenum Graecum L.) Grown in Van Ecological Conditions

ARTICLE INFO

ABSTRACT

Research Article

This study presented at IKSAD 6™
International Asian Congress on
Contemporary Sciences and its
summary was published. 27-29 May
2022, Van-Tiirkiye.

Received : 08.12.2022
Accepted :09.02.2023

The study was carried out to examine the quality characteristics of the
fenugreek's dry weed planted on April 1 and 20, 2012 in the
experimental field of Van YYU Faculty of Agriculture. Rhizobium
bacteria inoculum, diammonium phosphate (DAP), urban sewage
sludge (USS), humic acid (HA), farm manure (FM) were applied in
sowing. Dry matter (DM), ash, organic matter (OM), crude protein
(CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and in
vitro digestions of DM, ash and OM of dry weeds were determined. At
the end of the study, for April 20 groups, it was determined that the
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application of bacteria and humic acid relatively increased the nutrient

Keywords content in terms of animal nutrition. Considering the in vitro digestion
Fenugreek grass values, it was concluded that the application of bacteria and the use of
Nutrient content DAP fertilizer on the fenugreek plant planted on April 1 were better.
In vitro However, one-year results are not taken into account much in
Digestion agricultural production.

* Corresponding Author

resitaldemir@yyu.edu.tr

Giris

Tiirkiye’de yaygin olarak kiiltiirii yapilan Trigonella foenum graecum L. tiirii 30-60 cm
boylanabilen ¢igekleri 8-10 mm boyunda, baklalar1 ise 5-11 ¢cm uzunlukta ve 10-20 adet
arasinda tohum tastyan bir bitkidir (Gengkan, 1983; Gokge ve Efe, 2016). Ulkemizde 2020 yili
verilerine gdre cemen bitkisi iiretim miktarmin 713 ton oldugu bildirilmektedir (TUIK, 2021).

Cemen polisakkaritler, flavonoitler, saponinler, sabit yaglar ve bazi alkoloitler
(trigonellin, kolin), demir, kalsiyum, fosfor ve vitaminler gibi 6nemli kimyasal bilesenler
bakimindan zengin bir bitkidir. Bitkinin, tohumunda bulunan bol miktardaki galaktomannandan
dolay1 laktasyonu artirdig1 ve icerdigi aktif bilesenlerden dolay1 birgok farmakolojik aktiviteye
(antibakteriyal, antidiyabetik, antienflamatuar, antipiretik, antikanserojen, gastroprotektif,
immiinomodiilator, istah agici, antioksidan, kolesterol diizenleyici...vb) sahip oldugu
bildirilmektedir. Cemen bitkisinden halk hekimliginde, sindirimi kolaylastirici, siit artirici,
balgam soktiiriici, ates diisiirlicli, bogaz agris1 giderici, yara iyilestirici olarak
faydalanilmaktadir (Toppo ve ark., 2009; Neetu ve ark., 2011; Meghwal ve Goswami, 2012;
Gokee ve Efe, 2016).

Biitlin bu 6zellikleri yaninda ¢emen, ince sapl yapisi nedeniyle toprakta iyi ¢dziinmesi,
sahip oldugu uzun ve kazik kokleri ile iyi bir azot baglayict olmasi gibi 6zelliklerinden dolay1
toprak 1slahinda etkin olarak kullanilmaktadir (Zohary ve ark., 2012; Montgomery, 2009).
Bitkinin yesil aksami, kuru otu ve tohumlar: yiiksek yem verimi ve besin madde igeriginden
dolay1 yem bitkisi olarak da kullanilmaktadir (Manga ve ark., 2005; Meghwal ve Goswami,
2012). Cemen otunun besin madde igeriginin, hayvan beslemede 6nemli bir yere sahip yonca
otuna yakin oldugu, istah acici1 6zelliginden dolayr yem tiikketimini artirdig1 ve canli agirligi
olumlu etkiledigi bildirilmektedir (Acharya ve ark., 2008).

Kanatli yemlerine katilan gemen tohumlarinin bildircinlarda sperma kalitesini ve testis histoloji
ve fizyolojik 6zelliklerini iyilestirebilecegi, antioksidan etki gdsterdigi, kan serumunda kirmizi
kan hiicreleri ve hemoglobin konsantrasyonlarni onemli derecede arttirdigi, beyaz kan
hiicreleri glikoz, kolesterol seviyelerinde, aspartat aminotransferaz ve alanin aminotransferaz
enzim aktivitelerinde diisiise sebep oldugu bildirilmistir (Taha ve Douri, 2013; Taha, 2021).
Etlik pili¢ yemlerine katilan ¢emen tohumlarinin kan glikoz diizeyini arttirdigi, yem alimini ve
biliyiime performansimi diisiirdiigi (Metin ve ark., 2013; Duru ve ark., 2013) bildirilmistir.
Bunun yaninda yem degerlendirme ve bagirsak etkinligini iyilestirdigini, protein etkinlik
diizeyi, canli agirlik ve canli agirlik artisin1 6nemli derecede

arttirdig1 rapor edilmistir (Saki ve ark., 2014; Prajapat ve ark. 2018).
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Patel ve ark. (2016) tarafindan yapilan c¢alismada ruminantlarin beslenmesinde
kullanilan ¢emen otu ve tohumlarinin sahip oldugu biyoaktif bilesenler nedeniyle laktasyon
performansi {izerinde 6nemli bir etkisi oldugu, siitiin bilesimini iyilestirdigi ve siit akisini
arttirdig1 gosterilmistir. Kegilerde ve koyunlarda ¢emen otu giinliik yem aliminu, siit iiretimini,
canli agirlik artisini, siit kuru maddesini, siit proteinini 6énemli dlgiide artirirken, yag ve laktoz
ylizdesini 6nemli dlgiide azalttig1 bildirilmistir. Siit ineklerinin rasyonlarina ¢emen otu tohumu
tozu eklenmesi, kandaki baz1 hematolojik ve biyokimyasal parametreleri iyilestirmistir (Nasser
ve ark., 2013).

In vitro yontemlerle yapilan ¢alismalarda kaba yem ve yogun yem iceren rasyonlara
yem katk1 maddesi olarak ¢emen ilavesinin rumende mikrobiyal par¢alanmayi arttirdigi metan
gazi olusumunu azaltma potansiyeline sahip oldugu bildirilmistir (Gunjan ve ark., 2008).
Koyunlarin rasyonlaria %50 ¢emen otu samaninin eklenmesi 6zellikle rumende toplam ugucu
yag asitleri (UYA) ve amonyak iiretimini 6nemli derecede arttirmistir (Sainil ve ark., 2017).
(Cemen gibi bitkilerin rasyona eklenmesinin rumen fermantasyonunu degistirebilecegi, besin
madde kullanimin1 ve hayvan biiylimesini iyilestirmek i¢in faydali olabilecegi, metan ve
amonyak salmimini engelleyebilecegi one siiriilmektedir (Arhab ve ark., 2014). Cemen
tohumlarinin konsantre yem agirlikli beslenen ruminantlarin rasyonlarinda katki maddesi
olarak kullanildiklarinda rumende parcalanmay1 hizlandirdigi, metan gazi {iretimini azalttigi,
rumenden ince bagirsaga gecen bakteriyel protein miktarini arttiracagi bdylece ruminantlarda
verimi ylikseltebilecegi yoniinde bildirimler de vardir (Goel ve ark., 2008).

Rasyona katilan ¢emen otu tohumu, farkli inkiibasyon siirelerinde in vitro OM
sindirilebilirligini arttirmis HP sindirilebilirligini azaltmistir. KM ve NDF sindirimini toplam
ucucu yag asitleri ve gaz iiretimini azaltmistir. Sonugta Ozellikle ruminant rasyonlarinda
kullaniminin azot verimliligini artirma potansiyeline sahip olabilecegi gosterilmistir (Naseri ve
ark., 2013). Farivar ve ark. (2014) ¢emen otunun ruminantlar i¢in yoncaya benzer veya daha
yiiksek besleme degerlerine sahip olduk¢a degerli bir yem olabilecegini ve rasyonlarda yonca
yerine ¢emen otunun sorunsuzca kullanilabilecegini bildirmislerdir. Calismalarda ¢emenin
yesil ot veriminin 883.2 ile 2156 kg/da, kuru ot veriminin 414.6 ile 430.6 kg/da’a kadar
cikabilecegi bildirilmistir (Ozgelik ve Sahin, 2018; Alp, 2019).

Arastirma Van YYU Ziraat Fakiiltesi deneme arazisinde bakteri ve farkli giibre
kaynaklart kullanilarak farkli zamanlarda ekimi yapilan ¢cemen (Trigonella foenum graecum L.)
bitkisi kuru otunun, besin madde igerikleri ve in vitro sindirilebilirlik degerlerini belirlemek
amaciyla ytriitiilmiistiir.

Materyal ve Yontem

Materyal

Denemede yem materyali olarak, Van YYU Ziraat Fakiiltesi Tarla Bitkileri boliimii
isbirligi ile tiniversitenin kirag arazisinde yetistirilen Giirarslan ¢emen cesidi kullanilmistir.
Bakteri olarak, Rhizobium meliloti Ankara Toprak ve Giibre Arastirma Enstitlisiinden temin
eilmistir. Gilibre cesitleri ise piyasadan temin edilmistir. Bakteri uygulamasi yapilacak
parsellere 100 kg tohuma 1 kg Rhizobium meliloti bakteri kiiltiirii, DAP (%18 N, %46 P) 15
kg/da, humik asit 65 kg/da, ciftlik gilibresi ve kentsel aritma ¢amuru 3 ton/da olarak
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uygulanmigtir. Tohum miktar1 3.5 kg/da olarak uygulanmistir. Calismada parsel biiyiikligii 3
m X 2 m = 62 olarak tasarlanmistir. Deneme alani, Van’in kuzey dogusunda, 1727 m rakima
sahip, 38°25° kuzey enlemi-42° 21° dogu boylaminda ve Van Golii’'nden 2-3 km mesafede
bulunmaktadir. Toprak 6zellikleri olarak; kirecli, tuzsuz, diisiik organik igerikli, hafif alkali
reaksiyona ve yeterli potasyuma sahip, orta diizeyde fosfor icerdigi goriilmiistiir. Vejetasyon
doneminde ortalama sicaklik15.64-17.44 °C olarak tespit edilmistir. Ekimler, 1 Nisan ve 20
Nisan olmak iizere iki farkli donemde yapilmistir. Tam ¢igeklenme doneminde hasat edilen
ornekler kurutulmus ve analizleri yapilmak tizere etiketlenerek muhafaza edilmistir.

Yontem

Denemede kullanilan yemlerin kuru madde (KM), ham kiil (HK), organik madde (OM)
ve ham protein (HP) igerikleri AOAC (1990) analiz sistemine gore, notral deterjan fiber (NDF)
ve asit deterjan fiber (ADF) analizleri ANKOM® lif tayin cihazi kullanilarak Van Soest ve
Robertson (1979)’a gore belirlenmistir. Yemlerin in vitro sindirimleri Tilley ve Terry (1963)’e
gore tespit edilmistir.

Istatistiksel analizler

Denemede elde edilen biitiin veriler 4x4 Latin kare deneme desenine gore, Van YYU
Bilgisayar Arastirma ve Uygulama Merkezinde bulunan SAS bilgisayar paket programi
kullanilarak analiz edilmistir (SAS, 2006). Ortalamalar arasindaki farklilik ise Duncan Coklu
Karsilagtirma Testi ile belirlenmistir (Steel ve Torie, 1980).

Bulgular ve Tartisma

Tablo 1. Farkli ekim zamani, bakteri ve giibre ¢esidinin cemen otunun besin madde igeriklerine
etkisi, (%).

Table 1. The effect of different planting times, bacteria and fertilizer types on the nutrient of
fenugreek, (%).

GRUPLAR KM oM HP ADF NDF HK
Ekim 1 Nisan 93.21+0.30 76.75+0.28 10.44+£0.09b 28.79+0.27 47.44+0.70 16.26+0.31
zamani 20 Nisan 93.72+0.07 76.84+0.28 10.9540.15a  29.1340.31 48.60+0.74 16.48+0.30
) Bakterisiz  93.40+0.06a  76.46+0.27b  11.11+0.15a 28.76+0.28 48.04+0.74 16.94+0.29a
Bakterl  pakrerili  93.12:0.06b  77.35:027a  1028£008b 29.13:020  47.95:071  15.77£0.29b
Giibresiz 93.2740.10ab  76.45+0.45b  11.17£0.33a  29.89+0.43a 47.63£0.98ab  16.82+0.48a
DAP 93.04+0.08b  76.96+0.38ab  10.36+0.18b 27.44+0.34c 46.40+1.18b  16.07+0.38ab
Giibre KAC 93.34+0.10a  76.58+0.40b  10.41+0.15b 29.144+0.045ab 48.47+1.34ab  16.76+0.46a
HA 93.35+0.09a  78.08+0.46a  10.97+0.20a 28.69+0.61b 50.52+1.25a  15.25+0.52b
CG 93.40+£0.12a  76.52+0.46b  10.62+0.11b  29.77+£0.26ab  47.34+0.80ab  16.88+0.52a
E*B 0.6954 0.2722 0.0078 0.0730 0.5813 0.2548
E*G 0.0043 0.1036 <.0001 0.0970 0.0267 0.0433
E*B*G 0.1176 0.0430 <.0001 0.0048 0.8081 0.0114
Aynu siitunda farkl harfler ile gosterilen degerler arasindaki farklilik Snemlidir(p<0.05).
DAP: Di amonyum fasfat, KAC: Kentsel aritma ¢camuru, HA: Humik asit, CG:Ciftlik giibresi.
E:Ekim zamani, B:bakteri uygulamasi, G: giibre uygulamasi, *: interaksiyon (Pr > F)
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Farkli ekim zamani, bakteri ve giibre ¢esidinin ¢emen otunun besin madde igeriklerine
etkisi Tablo 1’de sunulmustur. Ekim zamana istatistiki olarak incelenen 6zelliklerden yalnizca
HP oranini (p<0.05) etkiledigi, diger besin 6gelerini etkilemedigi belirlenmistir. Geg¢ yapilan
ekimde protein orant daha yiiksek olmustur (p<0.05). Bakteri uygulanmayan ¢emen otunda
KM, HP ve HK oranlar1, bakteri uygulananlarda ise OM oran1 yiiksek olmustur (p<0.05). Ancak
bakteri uygulamasi ADF ve NDF oranlarina 6nemli etki yapmamuistir (Tablo 1). En yiiksek KM
orani kentsel aritma ¢amuru, humik asit ve ¢iftlik giibresi uygulamalarindan elde edilmistir
(p<0.05). En yiiksek OM orant HA uygulamasindan, en yiiksek HP orani ise giibre
uygulanmayan HA uygulamasindan elde edilmistir (p<0.05). Otun ADF igerigi giibre
uygulanmayan (p<0.05), NDF igerigi ise HA uygulamasindan elde edilmistir (p<0.05). HK,
oranlar1 giibre uygulanmayan, KAC ve CG uygulamalarinda yiiksek olmustur (p<0.05).

Ikili interaksiyonlar incelendiginde ekim zamani ve bakteri uygulamasi arasindaki
interaksiyon sadece HP verimi agisindan Onemli olmustur. Buna goére 20 nisanda bakteri
uygulanmadan yapilan ekimde HP igerikleri yiiksek olmustur. Ekim zamani ve giibre cesidi
arasindaki interaksiyonlar KM, HP, NDF ve kiil verimi i¢in énemli olmustur. KM verimi
acisindan 20 Nisanda, KAC, HA ve CG giibreleri kullanilarak yapilan ekimlerden, HP icin 20
Nisanda giibre uygulanmayan ve HA uygulanan ekimlerden, NDF i¢in 20 Nisanda ve HA
uygulamasi ile yapilan ekimlerden, HK i¢in ise yine 20 nisanda giibresiz, KAC ve CG
uygulamalari ile en yiiksek verimler elde edilmistir. Uglii interaksiyonlarda ise OM, HP, ADF
ve HK verimi i¢in 6nemli olmustur. OM ve HP verimi 20 Nisanda bakteri uygulamadan,
giibresiz ve HA uygulamalariyla, ADF i¢in yine 20 Nisanda bakteri uygulamasi ve giibresiz
olarak, HK i¢in 20 Nisanda bakterisiz, giibresiz, KAC ve CG giibreleriyle yapilan ekimlerden
en yiiksek verimler elde edilmistir.

Elde edilen KM verileri genel olarak Akbay ve ark. (2020)’nin bildirmis olduklari
degerlerden daha yiiksek, Ozcelik ve Sahin (2018)’in tespit etmis olduklar1 degerler araliginda
gerceklesmistir. Biitiin gruplarda elde edilen OM miktarlar1 Ozcelik ve Sahin (2018)’in
bildirdigi degerlerden daha diisiik gerceklesmistir. Calismada tespit edilen HP oranlar1 Alp
(2019) ve Akbay ve ark. (2020)’nin bildirdigi degerlerden daha diisiik, ancak Ozgelik ve Sahin
(2018)’in bildirdigi degerler araliginda bulunmustur. Calismada elde edilen ADF ve NDF
degerleri biitiin gruplarda Ozgelik ve Sahin (2018) ile Akbay ve ark. (2020)'nin bildirdigi
degerler araliginda gerceklesmistir. HK degerleri ise Ozgelik ve Sahin (2018) ile Akbay ve ark.
(2020)’nin bildirdigi degerlerden yiiksek bulunmustur. Caligmalardan elde edilen degerlerin
farkli olmasi; ekolojik kosullarin, iklim faktdrlerinin, toprak 6zelliklerinin ve kullanilan giibre
cesitlerinin farkli olmasindan kaynaklanmais olabilir.

Farkl1 ekim zamani, bakteri uygulamasi ve giibre ¢esidinin ¢emen otunun besin madde
sindirimlerine etkisi Tablo 2’de verilmistir. Ekim zaman1 KMS ve HKS iizerinde etkili olmus,
1 Nisanda ekim yapilan gemen otunun KMS ve HKS degeri 20 Nisanda ekimi yapilandan daha
yiiksek olmustur (p<0.05). Bakteri uygulamast KMS, OMS ve HKS oranlarini arttirmistir
(p<0.05). Giibre uygulamalarinda DAP ve CG uygulamalart KMS ve OMS degerlerini, HA
uygulamasi ise HKS degerlerini 6nemli derecede arttirmistir (p<0.05).

Ikili ve {i¢lii interaksiyonlar tiim sindirimler i¢in énemli olmustur. 1 Nisanda bakteri
uygulamasiyla elde edilen kuru otlarin KM, OM ve HK sindirimleri yiiksek olmustir. Yine 1
Nisanda DAP ve CG uygulamasi KM ve OM sindirimlerini, HA uygulamasi ise HK
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sindirimlerini ylikseltmistir. 1 Nisanda bakteri uygulamasi ve CG uygulamasiyla KMve OM
sindirimleri, HA uygulamasiyla da HK sindirimleri yiikselmistir. Caligmada elde edilen OMS
degerleri Uslu ve ark. (2018), Ozgelik ve Sahin (2018) ile Akbay ve ark. (2020)’nin bildirmis
olduklar sindirim degerlerinden daha diisiik bulunmustur. Bu iki calismada elde edilen degerler
arasindaki farkliliklarin sebebi; ekolojik kosullar, kullanilan tohum g¢esidi, ekimin yapildig:
bolge, bicim zamani, toprak 6zellikleri, kullanilan gilibre ¢esidinin farkli olmasi sonucu kuru
otun BM igeriklerinin dolayisiyla sindirim degerlerinin de farkli olmasidir. Ayrica farkli in vitro
sindirim yontemleri de bu farkliliklarin sebebi olabilir.

Tablo 2. Farkli ekim zamani, bakteri ve gilibre ¢esidinin ¢emen otunun besin madde
sindirimlerine etkisi (%)
Table 2. The effect of different planting times, bacteria and fertilizer types on the nutrient

digestion of fenugreek (%).

GRUPLAR KMS OMS HKS
Ekim zaman 1 Nis_an 52.43+0.88a 46.48+0.89 77.52+1.92a
20 Nisan 50.80+0.95b 45.59+1.01 74.95+1.13b
Bakteri Bakter?s.iz 48.04+090b 43.03+1.15b 70.14£1.51b
Bakterili 55.17+0.60a 49.024+b0.60a 84.70+0.95a
Giibresiz 49.30+1.51¢ 43.54+1.50b 75.37+£2.32bc
DAP 53.98+0.95a 48.86+0.86a 76.70£1.99b
Giibre KAC 49.73+1.13cb 44.13+1.31b 75.39+1.56¢b
HA 51.38£1.75b 45.5842.02b 79.98+2.16a
CG 53.70+1.48a 47.97+1.15a 73.75+£3.88¢
E*B 0.0238 0.0003 0.0001
E*G 0.0031 0.0005 <.0001
E*B*G 0.0018 <.0001 <.0001

Aynt siitunda farkl harfler ile gosterilen degerler arasindaki farklilik 6nemlidir(p<0.05).

KMS: Kuru madde sindirimi, OMS: organik madde sindirimi, HKS: Ham kiil sindirimi. DAP: Di amonyum fasfat,
KAC: Kentsel aritma ¢amuru, HA: Humik asit, CG:Ciftlik giibresi. E:Ekim zamani, B:bakteri uygulamasi, G:
giibre uygulamasi, *: interaksiyon (Pr > F)

Sonu¢

Calismadan elde edilen bulgular bir biitiin olarak degerlendirildiginde Van ve benzer
ekolojilerde ¢emen bitkisi nisan ortasinda, bakteri uygulamasi yapilarak, humik asit iceren
giibre kullanilmas1 hayvan besleme agisindan besin madde igerikleri gorece daha iyi olan gemen
otlarinin elde edilebilecegi soylenebilir. Elde edilen ¢emen otlarinin in vitro sindirim degerleri
dikkate alindiginda ise 1 Nisanda ekimi yapilan ¢emen bitkisine bakteri uygulamasi ve DAP
veya CG giibre cesitlerinin kullanilmasinin daha i1yi olacagi kanaati olusmustur. Bununla
birlikte cemen otunun ruminant beslenmesinde kullaniminin etkilerinin daha ayrintili olarak
belirlenmesi i¢in, kuru ot verimi, besin madde, biyoaktif madde icerikleri ve sindirimlerine
yonelik in vitro ve in vivo ¢alismalarin yapilmasi gerekmektedir. Yiiriitiilen ¢alisma tek yillik
oldugu i¢in daha fazla ¢calisma ve uzun yillara ait sonuglar gergegi daha 1yi yansitacaktir.
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This study was carried out to determine some makro and micro mineral
levels in the blood of a total of 26 Norduz goats (at the end of 1st
lactation (n=10), at the end of 2nd lactation (n=8), at the end of 3rd
lactation (n=8)) fed in pasture at Van Yuzuncu Yil University, Research
and Application Farm (Van, Turkiye). For this purpose, blood samples
were duly taken from goats that had completed the lactation period at
the beginning of June. Some macro mineral’s levels (potassium (K),
magnesium (Mg), calcium (Ca), sodium (Na)) and some micro
mineral’s levels (cobalt (Co), copper (Cu), iron (Fe), nickel (Ni),
manganese (Mn), selenium (Se), zinc (Zn), lead (Pb)) in samples of
serum obtained from blood samples collected from goats were
determined by inductively coupled plasma optical emission
spectrometry (ICP-OES). Results were subjected to all statistical
analysis using SPSS 24.0 version (IBM SPSS Inc, Chicago, USA)
(SPSS, 2016). All statistically significant differences (P<0.05) were
compared and ranked with Duncan's Multiple Range Test. Later, the
relationships between minerals were revealed by Pearson Correlation
Coefficient (P<0.05). In addition, in this study, the ranking of macro
and micro minerals and the rates of some of these minerals (Ca/Mn,
Ca/Mg, Cal/Zn, Cu/Fe, Cu/Zn, Fe/Mn, Fe/Zn, K/IMg, K/Na, K/Mn) were
also presented.

Laktasyon Doneminin Sonunda Merada Beslenen Farkh Yaslardaki
Norduz Kecilerinin Kan Mineral Seviyelerinin Karsilastirilmasi
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Kan minerali
ICP-OES
Referans degerler

Bu calisma Van Yiiziincii Y1l Universitesi Arastirma ve Uygulama
Ciftligi'nde (Van, Tirkiye) merada beslenen toplam 26 Norduz
kegisinin (1. laktasyon sonunda (n=10), 2. laktasyon sonunda (n=8) ve
3. laktasyon sonunda (n=8)) kanindaki bazi makro ve mikro mineral
diizeylerinin belirlenmesi amaciyla yapildi. Bu amagla Haziran ay1
basinda laktasyon donemini tamamlamis kecilerden usuliine uygun
olarak kan 6rnekleri alindi. Kegilerden toplanan kan 6rneklerinden elde
edilen bazi makro minerallerin diizeyleri (potasyum (K), magnezyum
(Mg), kalsiyum (Ca), sodyum (Na)) ve bazi mikro minerallerin
diizeyleri (cobalt (Co), bakir (Cu), demir (Fe), nikel (Ni), manganez
(Mn), selenyum (Se), ¢inko (Zn), kursun (Pb),) ke¢ilerden toplanan kan
orneklerinden elde edilen serum ornekleri endiiktif olarak eslesmis
plazma optik emisyon spektrometresi (ICP-OES) ile belirlendi.
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Sonuglar SPSS 24.0 versiyonu (IBM SPSS Inc, Chicago, ABD)
kullanilarak tiim istatistiksel analizlere tabi tutuldu (SPSS, 2016).
aodemir@yyu.edu.tr Istatistiksel olarak anlaml tiim farkliliklar (P<0.05) Duncan'in Coklu
Aralik Testi ile karsilastirildi ve siralandi. Daha sonra mineraller
arasindaki iliskiler Pearson Korelasyon Katsayist (P<0.05) ile ortaya
konuldu. Ayrica bu ¢alismada makro ve mikro minerallerin siralamast
ve bu minerallerden bazilarinin oranlar1 da (Ca/Mn, Ca/Mg, Ca/Zn,
Cu/Fe, Cu/Zn, Fe/Mn, Fe/Zn, K/IMg, K/Na, K/Mn) sunuldu.

* Sorumlu Yazar

Introduction

Many of the minerals required in livestock (especially sheep, goat and cow) breeding
are responsible for the healthy and regular functioning of the living organisms. Minerals greater
than 100 ppm (parts per million) in healthy animal organisms are referred to as macro minerals,
while minerals less than 100 ppm are classified as micro minerals (Anonymous, 2023a). On the
other hand, those that are above 50 ppm (mg/kg) per kilogram of lean body weight are defined
as macro minerals and those that are found in lower amounts are defined as microminerals.
Macro minerals can be expressed as a percentage of the diet, while microminerals are expressed
in ppm or sometimes ppb (parts per billion) (Anonymous, 2023b). The most well-known main
7 macro minerals (Na, K, Ca, Mg, S, P, Cl etc.) in the classification is always more than the
micro minerals (Cu, Fe, Zn, Se, Mn, F1, As, Br, Co, Cr, Li, Mo, Ni, Pb, Si, V, I etc...) are more.
These minerals are in a certain amount in the body and are responsible for ensuring that the
organism works in a balanced and healthy way like a machine. When the levels of minerals in
the circulatory system of the organism and stored decrease; immune system, functions of
enzymes, growth and fertility gradually decrease (Anonymous, 2020a). When there is a large
decrease in mineral levels, clinical symptoms begin to appear. These clinical signs can
sometimes reach the level that requires treatment.

Goats, which are the most used animals, especially in mountainous and unproductive
lands, it comes to the forefront with the aspect of reducing the negative effects of animal
husbandry on natural resources (Mutlukoca and Keskin, 2021). Also, all of analized minerals
interaction of Norduz goats was presented in this study as described Jacobson et all. (1971).

Materials and Methods

26 Norduz goats, which were determined to be healthy in clinical examination that were
regularly given antiparasitic drugs and vaccinated for prevent possible diseases that may occur,
constituted the living material of this study. Goats that at the end of 1st lactation (n=10), at the
end of 2nd lactation (n=8), at the end of 3rd lactation (n=8)) were breed at VVan Yuzuncu Yil
University, Small Ruminant Breeding Unit of Research and Application Farm lies on 38° 575°
North and 43° 287’ East coordinates (Van, Tiirkiye). The goats raised in the farm were taken
to the pasture twice a day that in the morning and in the evening. These animals were not given
any mineral supplementation before study.

In the first week of June, blood was duly taken from V. Jugularis from goats of different
ages at the end of lactation. After that, all samples were transferred to spesific anticoagulant
tubes. All of the blood samples were centrifuged at 1500xg, 10 minutes in the room temperature
(68 to 72°F / 20 to 22°C) at the Laboratuar of Animal Science. After than, serum samples
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transferred to Eppendorf tubes were stored at -22°C until analysis.

Dilutions of serum (1:10) with deionized water were performed as described for analysis
in "standard conditions” (Harrington et al., 2014; Anonymous, 2020c). In this way, the dilution
ratio provided the appropriate absorbance range required for analysis. ICP-OES (Device Brand:
Thermo Scientific, Device Model: Flash 2000) is an analytical technique in which many
elements are analyzed. This technique involves the excitation of the sample by the argon
plasma, which is reached to a temperature of 10,000 K by electromagnetic induction, and the
determination of the excited elements according to the specific wavelengths they emit. Plasma
is obtained by electromagnetically stimulating argon gas with a radio frequency (RF) generator
in induction windings. This happens when the hot plasma ionizes the incoming gas and the
process continues continuously. Results were measured and presented as ppm.

The results of the minerals obtained from this study were subjected to statistical analysis
using SPSS 24.0 version (IBM SPSS Inc, Chicago, USA) (SPSS, 2016). All statistically
significant differences (P<0.05) were compared and ranked with Duncan's Multiple Range Test.
Later, the relationships between minerals were revealed by Pearson Correlation Coefficient
(P<0.05). In addition, in this study, the ranking of macro and micro minerals and the rates of
some of these minerals (Ca/Mn, Ca/Mg, Ca/Zn, Cu/Fe, Cu/Zn, Fe/Mn, Fe/Zn, K/IMg, K/Na,
K/Mn) were also presented. Minerals ranking of Norduz goats was made according to ppm
levels (Patkowska-Sokola et al., 2009).

Results

In this presented study, minimum-maximum (min-max) and mean concentration +
standard error (x+Sx) of serum macro and micro mineral values belonging to Norduz goats that
at the end of 1st, 2nd and 3rd lactation were presented in Table 1 and Table 2, respectively.
According to these results, the blood mineral levels at the total group (3)) of Norduz goats were
detected as K 177.323+6.386 ppm, Mg 14.497+0.815 ppm, Ca 40.306+2.263 ppm, Na
1879.850+57.810 ppm for makro minerals and Co 0.007+0.000 ppm, Cu 0.0674+0.0616 ppm,
Fe 1.425+0.079 ppm, Ni 0.009+0.004 ppm, Mn 1.371+0.048 ppm, Se 0.759+0.028 ppm, Zn
0.632+0.033 ppm, Pb 0.016+0.001 ppm for micro minerals. A statistical significance (<0.05)
was determined between the three groups for K, a macro-mineral; a non-significant difference
(>0.05) was found for Mg, Ca and Na.
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Ages Fed on Pasture at the End of the Lactation Period

Table 1. Serum macro minerals
Tablo 1. Serum makro mineraller

6 (2):123-136, 2023

At the end of 1% At the end of 2™ At the end of 3™ 3
lactation lactation lactation
K N 10 8 8 26
Min- 163.500-265.900 129.900-220.800 108.800-235.100 108.800-265.900
Max
X 196.5502 162.113° 168.500% 177.323
sX 8.739 9.105 12.548 6.386
P *
Mg N 10 8 8 26
Min- 9.227-23.690 8.783-22.900 7.294-18.710 7.294-23.690
Max
X 15.495 15.505 12.243 14.497
sX 1.247 1.578 1.297 0.815
P NS
Ca N 10 8 8 26
Min- 25.440-66.170 22.040-53.700 20.830-50.140 20.830-66.170
Max
X 41.778 41.271 37.501 40.306
sX 4.348 4.249 3.057 2.263
P NS
Na N 10 8 8 26
Min- 1664.000-2624.000 1425.000-2320.000 1205.000-2051.000 1205.000-
Max 2634.000
X 2040.600 1768.880 1789.880 1879.850
sX 85.538 96.591 100.857 57.810
P NS

NS: Non significant; *<0.05; Letters of a, ab, b represent the Duncan order from uppercase to lowercase.
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Table 2. Serum micro minerals
Tablo 2. Serum mikro mineraller

At the end of 1% At the end of 2™ At the end of 3™ Y
lactation lactation lactation
Co N 10 8 8 26
Min- 0.005-0.010 0.004-0.010 0.004-0.010 0.004-
Max 0.010
X 0.007 0.007 0.007 0.007
sX 0.001 0.001 0.001 0.000
p NS
Cu N 9 8 8 25
Min- 0.354-1.437 0.094-0.979 0.267-1.179 0.094-
Max 1.437
X 0.639 0.595 0.791 0.674
sX 0.113 0.105 0.101 0.616
p NS
Fe N 10 8 8 26
Min- 1.053-2.559 0.546-2.123 0.982-1.728 0.546-
Max 2.559
X 1.514 1.422 1.318 1.425
sX 0.152 0.1570 0.097 0.079
p NS
Ni N 4 4 6 14
Min- 0.003-0.054 0.001-0.008 0.002-0.017 0.001-
Max 0.054
X 0.018 0.005 0.006 0.009
sX 0.024 0.002 0.002 0.004
p NS
Mn N 10 8 8 26
Min- 1.299-2.297 0.944-1.723 1.120-1.453 0.944-
Max 2.297
X 1.502 1.299 1.280 1.371
sX 0.091 0.081 0.045 0.048
p NS
Se N 10 8 8 26
Min- 0.714-1.217 0.473-1.012 0.557-0.839 0.473-
Max 1.217
X 0.835 0.694 0.729 0.759
sX 0.045 0.057 0.033 0.028
p NS
Zn N 7 8 7 22
Min- 0.377-0.773 0.452-0.862 0.524-0.924 0.038-
Max 0.924
X 0.552 0.657 0.683 0.632
sX 0.057 0.054 0.053 0.033
P NS
Pb N 10 6 8 24
Min- 0.008-0.017 0.005-0.030 0.011-0.032 0.005-
Max 0.032
X 0.013 0.020 0.018 0.016
sX 0.001 0.003 0.003 0.001
P NS

NS: Non significant
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Correlation tables of blood macro and micro minerals of Norduz goats at the end of the
1st, 2nd and 3rd lactations were presented in Table 3, Table 4 and Table 5, respectively. In
pearson correlation analysis of mineral levels of goats at the end of the 1st lactation, positive
statistical significance (positive correlation) (<0.05) were calculated between Ca-Cu, Ca-Mg,
Ca-Mn, Ca-Se, Cu-Na, Mg-Na, Mg-Se, Na-Ni; positive high correlation was founded. statistical
significance (<0.01) were calculated between Ca-Na, Cu-Mg, Cu-Se, Fe-K, K-Mn, K-Na, K-
Se, K-Na, K-Se, Mg-Mn, Mn-Na, Mn-Ni, Na-Se; positive very high statistical significance
(<0.001) were calculated between K-Mn, Mn-Se and negative high statistical significance
(<0.01) were calculated between Na-Zn. In pearson correlation analysis of mineral levels of
goats at the end of the 2nd lactation, positive statistical significance (<0.05) were calculated
between Ca-Fe, Ca-Mg, Ca-Mn, Cu-Fe, Cu-K, Cu-Na, Cu-Se, Fe-Zn, Mg-Zn, Mn-Zn; positive
high statistical significance (<0.01) were calculated between Fe-K, Fe-Na, Fe-Se, K-Mn, K-Se,
Na-Se; positive very high statistical significance (<0.001) were calculated between Ca-Zn, Fe-
Mn, K-Na, Mn-Se. In pearson correlation analysis of mineral levels of goats at the end of the
3rd lactation, positive statistical significance (<0.05) were calculated between Ca-Mn, Ca-Na,
Ca-Se, Fe-K, Fe-Na, Mg-Na, Na-Se, Pb-Zn; positive high statistical significance (<0.01) were
calculated between K-Na, Mn-Se. The other hand, correlation table of blood macro and micro
minerals of all Norduz goats (3)) were presented in Table 6. In pearson corelation coefficient of
mineral levels of at the end of the lactation, positive statistical significance (<0.05) were
calculated between Ca-Cu, Ca-K, Co-Mn, Cu-K, Cu-Mg, Cu-Ni, Mg-Ni, Mg-Se, Na-Ni;
positive high statistical significance (<0.01) were calculated between Ca-Fe, Co-Se, Cu-Mn,
Cu-Na, Cu-Se, Fe-Mg, Fe-Ni, K-Mg, K-Ni, Mg-Na, Ni-Se, Pb-Zn; positive very high statistical
significance (<0.001) were calculated between Ca-Mg, Ca-Mn, Ca-Na, Ca-Se, Cu-Fe, Fe-K,
Fe-Mn, Fe-Na, Fe-Se, K-Mn, K-Na, K-Se, Mg-Mn, Mn-Na, Mn-Ni, Mn-Se, Na-Se.
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Table 3. Pearson Corelation Coefficients of mineral levels of goats at the end of the 1% lactation
Tablo 3. 1. Laktasyon sonundaki kegilerin mineral diizeylerinin Pearson Korelasyon Katsayilari

Ca Co Cu Fe K Mg Mn Na Ni Pb Se Zn
Ca 100 0.12 0664 049 0525 0.732* 0.691* 0.814* 0.786 0.51 0.681* -0.565
0 2 * 1 10 10 10 * 4 0 10 7

10 10 9 10 10 10
Co 1.00 0.261 0.08 -0.004 0.365 0.404 0.018 0938 - 0.371 0.192
0 9 0 10 10 10 10 4 0.06 10 7
10 10 4
10
Cu 1.000 0.77 0.760 0.807* 0.862* 0.708* 0.900 0.33 0.838* 0.241
9 4 9 * * 9 4 3 * 7
9 9 9 9 9
Fe 1.00 0.788* 0.508 0.827* 0.745* 0.944 - 0.855*  -0.375
0 * 10 * * 4 009 = 7
10 10 10 10 1 10
10
K 1.000 0.607 0.859* 0.824* 0.973* 0.33 0.833* -0.352
10 10 bl * 4 2 * 7
10 10 10 10
M 1.000 0.778* 0.726* 0.846 055 0.709* -0.077
g 10 * 10 4 7 10 7
10 10
M 1.000 0.852* 0.992* 0.27 0.986* -0.670
n 10 * * 3 ok 7
10 4 10 10
Na 1.000 0.956* 0.30 0.853* -
10 4 4 * 0.899*
10 10 *
7
Ni 1000 0.44 0.981 1.000
4 3 4 2
4
Pb 100 0.178 0.391
0 10 7
4
Se 1.000 -0.731
10 7
Zn 1000
7
*<0.05 ** <0.01 ***<0.001
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Table 4. Pearson Corelation Coefficients of mineral levels of goats at the end of the 2" lactation
Tablo 4. 2. Laktasyon sonundaki kegilerin mineral diizeylerinin Pearson Korelasyon

Katsayilar
Ca Co Cu Fe K Mg Mn Na Ni Pb Se Zn
Ca 100 025 039 0809 0.629 0.698 0.778* 0.615 - - 0.572 0.918*
0 7 9 * 8 * 8 8 0.07 019 8 *k
8 8 8 8 8 9 2 8
4 6
Co 1.00 0.09 0451 0.498 - 0.617 0.574 057 - 0.649 0.131
0 3 8 8 0410 8 8 5 066 8 8
8 8 8 4 1
6
Cu 1.00 0.761 0.737* 0.394 0.656 0.781* - 0.09 0.725* 0.445
0 * 8 8 8 8 021 7 8 8
8 8 5 6
4
Fe 1.000 0.861* 0.509 0.964* 0.895* - - 0.909* 0.736*
8 * 8 ** * 033 035 * 8
8 8 8 7 3 8
4 6
K 1.000 0.372 0.882* 0.919* - 0.02 0.905* 0.695
8 8 * *x 048 2 * 8
8 8 8 6 8
4
M 1.000 0.408 0.298 - 0.48 0.256 0.781*
g 8 8 8 031 9 8 8
7 6
4
M 1.000 0.9140 - - 0.958*  0.729*
n 8 0 0.20 045 ** 8
8 5 2 8
4 6
Na 1.000 0.06 - 0.933* 0571
8 7 0.16 ** 8
4 4 8
6
Ni 1.00 - -0.424 -0.121
0 0.67 4 4
4 5
3
Pb 1.00 -0.403 0.038
0 6 6
6
Se 1.000 0.564
8 8
Zn 1.000
8
*<0.05 ** <0.01 ***<0.001
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Table 5. Pearson Corelation Coefficients of mineral levels of goats at the end of the 3™ lactation
Tablo 5. 3. Laktasyon sonundaki kegilerin mineral diizeylerinin pearson korelasyon katsayilart

Ca Co Cu Fe K Mg Mn Na Ni Pb Se Zn
Ca 100 030 053 028 0377 055 0770 0.718* - 0.18 0.789* 0.114
0 8 0 2 8 1 * 8 004 6 8 7

8 8 8 8 8 8 8 8
6
Co 1.00 - - -0.520 - 0350 -0.161 0.72 048 0481 0.491
0 031 067 8 031 8 8 8 2 8 7
8 7 5 2 6 8
8 8 8
Cu 1.00 066 0308 066 0.642 0.593 - - 0.421 -0.336
0 8 8 7 8 8 015 022 8 7
8 8 8 9 3
6 8
Fe 1.00 0.800 0.69 0.263 0.739* - - 0.227 -0.482
0 * 1 8 8 037 015 8 7
8 8 8 8 0
6 8
K 1.000 066 0.160 0.825* - 0.17 0.262 -0.34
8 5 8 * 017 3 8 7
8 8 7 8
6
M 1.00 0.668 0.776* 0.09 0.06 0.484 0.231
g 0 8 8 7 8 8 7
8 6 8
M 1.000 0.660 0.23 0.38 0.904* 0.347
n 8 8 7 1 * 7
6 8 8
Na 1.000 0.02 039 0.735* 0.152
8 6 7 8 7
6 8
Ni 1.00 055 0.226 0.725
0 8 6 5
6 6
Pb 1.00 0.627 0.762
0 8 *
8 7
Se 1.000 0.460
8 7
Zn 1.000
7
*<0.05 ** <0.01 ***<0.001
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6 (2):123-136, 2023

Table 6. Pearson Corelation Coefficients of mineral levels of all goats (3)) at the end of the

lactation
Tablo 6. Laktasyon sonundaki tiim kegilerin ().) mineral diizeylerinin Pearson Korelasyon
Katsayilart
Ag Ca Co Cu Fe K Mg Mn Na Ni Pb  Se Zn
e
A 10 - - 0.20 -0.203 - -0.319 - -0.373 -0.353 0.3 -0.328 0.350
ge 00 01 00 2 26 0.382 26 0.392 26 14 37 26 22
26 52 43 25 * * 24
26 26 26 26
Ca 10 01 046 0576 0461 0.679 0.691 0.674 0516 0.1 0.610 0.308
26 26 25 26 26 26 26 26 24 26
Co 1.0 0.05 0.064 0.027 -0.124 0.440 0.019 0.508 - 0.505 0.228
00 9 26 26 26 * 26 14 01 ** 22
26 25 26 28 26
24
Cu 1.00 0.6445 0463 0466 0593 0561 0601 0.0 059 0.243
25 25 25 25 25 25 14 23 25
Fe 1.000 0.731 0552 0.791 0.752 0.669 - 0.756  0.095
26 26 26 26 14 58 26
24
K 1.000 0.511 0.717 0.875 0.699 - 0.734 0.030
26 ** *kk *kk ** 0.0 *kx 22
26 26 26 14 68 26
24
M 1.000 0.604 0572 0467 0.2 0452 0.356
26 26 14 24 26
M 1.000 0.831 0.846 - 0.950 0.186
26 14 26 26
24
Na 1.000 0.596 - 0.864 -
26 * 0.0 *** 0.064
14 35 26 22
24
Ni 1.000 - 0.744  0.390
14 0.0 ** 11
22 14
13
Pb 1.0 -0.117 0.549
00 24 *x
24 20
Se 1.000 0.157
26 61
22
Zn 1000
22
*<0.05 ** <0.01 ***<0.001
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The macro and micro minerals whose levels were determined for ranked from largest to
smallest in Table 7. The order of the first 6 minerals (Na, K, Ca, Mg, Fe, Mn) was the same in
all groups. For the other 6 minerals (Se, Zn, Cu, Pb, Ni, Co) there were differences in the

ordering of the groups.

Table 7. Ranking of macro and micro minerals

Tablo 7. Makro ve mikro minerallerin siralamasi

1 2

3 4 5

10

11

12

At the
end of
151

lactation
At the
end of
2nd

lactation
At the
end of
3rd

lactation

Na > K >

Na > K >

Na > K >

Ca > Mg > Fe >
Ca >

Mg > Fe >

Mg > Fe >

Mn >

Se >

Cu >

Zn >

Cu >

Se >

Ni >

Pb >

Pb >

Pb

Co

Co

Co

Ni

Ni

> Na > K >

Ca > Mg > Fe >

Cu >

Pb >

Ni

Co

The proportional values of macro

and micro minerals that had a proportional

relationship with each other according to the literature (Jacobson et all., 1971) were presented
in Table 8. The rates of macro and micro minerals were determined for Na/K, K/Mg, K/Mn,
Ca/Mg, Ca/Mn, Ca/Zn, Fe/Mn, Fe/Zn, Fe/Cu, Cu/Zn.

Table 8. Rates of some macro and micro minerals

Tablo 8. Bazi makro ve mikro minerallerin oranlari

Na/K K/Mg K/Mn Ca/Mg Ca/Mn Ca/Zn Fe/Mn FelZn Fe/Cu Cu/Zn
Attheend of 13 10.382 12.685 130.859 2696 27.815 75685 1.008 2.743 2369 1.158
lactation
At the end of 10911 10.456 124.798 2.662 31.771 62.817 1.095 2164 2390 0.906
2" Jactation
Attheendof 3¢ 10.622 13.770 131.641 3.063 29.298 54906 1.030 1.930 1.666 1.158
lactation
> 10.601 12.232 129338 2.780 29.399 63.775 1.039 2.255 2.114 1.066

Discussion and Conclusion

Goats are a species rich in racial diversity. Studies are being carried out on the blood
biochemistry and mineral values of these breeds. However, there is still not enough literature
available on the basis of race. For this reason, in many studies, the discussion section is made
by taking into consideration the literature of different races.
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According to the results of a study conducted by Altug et al (2013); Na and K levels in
goats with chronic fluorosis were determined as 142.1£11.5 mEq/L and 5.30+0.55 mEq/L,
respectively. In this study, measured Na and K levels (1879.850+57.810 ppm and
177.323+6.386 ppm) lower than the values reported by Altug et al., (2013).

In a study investigated mineral levels in Honamli goats, Demir et al. (2020) determined
serum Ca and Mg levels as 6.786+0.206 mg/dL and 2.161+£0.05 mg/dL, respectively. An
another study conducted by Altug et al., (2013) Ca and Mg levels of goats were determined as
8.85+0.58 mg/dL and 2.62+0.10 mg/dL, respectively. In a study in which they investigated the
hematobiochemical values and mineral status of Chegu Pashmina goats, Katoch et al. (2020)
reported that Ca and Mg levels were as 10.14+0.412 mg/dl and 3.50+0.14 mg/dl, respectively,
In this study, measured Ca and Mg levels (40.306+2.263 ppm and 14.497+0.815 ppm) lower
than the values reorted by Demir et al. (2020), Altug et al., (2013) and Katoch et al. (2020). On
the other hand, Sovende et al. (2008) reported the blood mineral Ca level of Wad goats grazing
in natural pastures as 5.39+0.21 mmol/L. However, the value reported by Sovende et al. (2008)
was much lower than the Ca level of this study.

Yatoo et al. (2013) reported that blood Cu, Zn and Fe levels of goats were 0.548+0.094
mg/L, 0.864+0.211 mg/L and 1.548+0.173 mg/L, respectively. In addition, Fathy Nawito et al.
(2015) reported Cu, Zn and Fe levels of non-pregnant goats raised in South Sinai, Egypt as
0.49+0.05 ppm, 4.65%0.24 ppm and 4.91£0.09 ppm, respectively. In a study conducted by Altug
et al., (2013), blood Cu, Zn and Fe levels of animals in the control group was determined as
0.550+0.05 mg/L, 0.574+0.08 mg/L and 1.245+0.03 mg/L, respectively. In another study
conducted by Demir et al., (2020) investigating serum mineral levels in Honamli goats, mineral
Fe level was determined as 110.706+2.510 pg/dL. The Fe level measured in this study
(1.425+0.079 ppm) was close to the reported value by Yatoo et al. (2013), Altug et al., (2013)
and Demir et al., (2020) but less than reported by Fathy Nawito et al. (2015).

At a study conducted by Altug et al., (2013) Mn and Ni were determined as 0.0186+0.02
mg/L and 0.166+0.01 mg/L, respectively. The Mn level measured in this study (1.371+0.048
ppm) was very higher than Altug et al., (2013)’s result. But, Ni level measured in this study
(0.009£0.004 ppm) was very lower than Altug et al., (2013)’s result. The other hand, in a study
from Katoch et al. (2020) Co level was determined as 0.18+0.01 ppm. The Co level measured
in this study (0.007+0.000 ppm) was very lower than Katoch et al. (2020)’s result.

Pechova et al. (2015) reported the blood Se levels of newly weaned kids and 4-week-
old kids as 141.0 + 35.7 pg/L and 124.0 + 29.1 ng/L, respectively. The other, as a result of a
study conducted by Pavlata et al. (2011) the mean Se concentrations in the blood of the goats
in the control group at the beginning of the study were reported as 109.6 + 34.3 ug/L. The Se
level measured in this study (0.759+0.028 ppm) was very higher than Pechova et al. (2015) and
Pavlata et al. (2011)’s result.

Blood Pb levels were investigated in goats raised in areas close to primary pollution
areas caused by Pb-Zn, an ecological pollutant (Swarup et al., 2006). As a result of the same
research, the blood Pb average of the goats in the control group was 0.015+0.015 pg/ml; in
goats raised in the vicinity of drinking water, which is thought to be contaminated due to contact
with metal wastes, the mean Pb was reported as 0.373+£0.093 pg/ml. In another study
investigating high doses of Pb in the blood, the blood Pb levels of Red Sokoto goats freely
grazing on open pastures in Zaria ranged from 0.26 mg/L t01.56 mg/L, while the mean Pb level
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was reported as 0.89+0.43 mg/L. According to the results of the same study, it was reported
that as Red Sokota goats were freely grazed in Zaria, the blood Pb level exceeds the permissible
limit for health and therefore was not safe for human consumption (Ugumanim et al., 2015). In
a study conducted by Altug et al., (2013) in goats with chronic fluorosis, blood Pb serum value
of animals in the control group was determined as 0.1094+0.03 mg/L. The Pb level measured in
this study (0.016+0.001 ppm) was determined by Swarup et al. (2006) was close to the reported
value. And Ugumanim et al. (2015) reported that it was below the permissible toxic limit for
health. Therefore, blood Pb levels of Norduz goats in this study were within the limits specified
in the relevant literature. But, the Pb results of this study were significantly lower than the value
reported by Altug et al. (2013).

In the literature review, it was seen that the biochemical and hematological studies
conducted in Norduz Goats were insufficient. However, the macro and micro mineral values of
these animals are closely related to nutrition, reproduction and diseases. Especially during the
lactation period, it is expected that the decreasing mineral stores will be renewed and the body
will be ready for a new pregnancy in a healthy way after collecting itself. This is only possible
if the reference values of healthy goats at the end of lactation are known. In this respect, it is
thought that this study is very important in terms of being a reference for future studies. This
study is thought to be important in terms of being a reference in determining the blood mineral
levels of Norduz goats at the end of lactation. Moreover, as a result of this study, since the
results of Mn, Ni and Co were highly different from the literature reports, it is thought that these
minerals should be investigated more comprehensively in Norduz goats.
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The aim of this study was to assess calf rearing methods applied in 500
cattle farms in the Horasan district of Erzurum province. Data used in
this study were obtained through face-to-face interviews with cattle
breeders. In 69.5% of the enterprises operating within Horasan county,
the exact quantity of milk consumed by calves could not be determined
due to the fact that they are fed by nursing from their mothers. On the
other hand, the proportions of farms feeding calves 1, 2, 3, 4, 5 and 6
liters of milk per day were determined as 0.4%, 0.6%, 5.7%, 3.6%,
8.9%, and 11.3%, respectively. In 38.4% of cattle enterprises in the
county, calves were fed with milk while their mothers were being
milked, whereas in 27.6% of cattle farms, calves were weaned at 4
months of age, and in 24.3% at 5 months. Furthermore, it was also
observed that the most of breeders (72.7%) considered the birth weight
of calves as a criterion to decide on the quantity of milk to be provided
to them. On these farms, the methods of feeding colostrum to calves
were by sucking their mothers with a percentage of 54.3%, followed by
bottle feeding with a percentage of 45.5% and the bucket method with
a very low percentage of 0.2%. Furthermore, calves in Horasan County
usually begin to be given calf starter feed either at the age of 2 weeks
(28.3%) or 3 weeks (28.1%), while dry hay is generally introduced to
the most of calves (42.0%) at the age of 2 weeks. In conclusion, some
inaccuracies in calf rearing practices were identified in Horasan county
of Erzurum province and solutions were proposed to address these
problems.

Turkiye’nin Kuzeydogu Anadolu Bolgesinde Buzag: Yetistirme
Uygulamalari: Erzurum ili Horasan lcesi Ornegl
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Bu calismanin amaci, Erzurum ilinin Horasan ilgesinde faaliyet
gosteren 500 sigircilik isletmesinde uygulanan buzagi yetistirme
yontemlerini degerlendirmektir. Calismada kullanilan veriler, sigir
yetistiricileri ile yliz yiize yapilan anketler yoluyla elde edilmistir.
Horasan ilgesinde faaliyet gosteren isletmelerin %69,5'inde buzagilar
annelerinden siit emerek beslendikleri ig¢in buzagilarin tiikettikleri siit
miktar1 net olarak tespit edilememistir. Ote yandan, buzagilar giinde 1,
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Anahtar Kelimeler 2, 3,4, 5 ve 6 litre siitle besleyen isletmelerin oranlar sirasiyla %0,4,

%0,6, %5,7, %3,6, %8,9 ve %11,3 olarak belirlenmistir. Ilcedeki
Buzagilar sigircilik isletmelerinin %38,4"linde buzagilar anneleri sagildig: siiregte
Siitten kesim stitle beslenirken, sigircilik isletmelerinin %27,6'sinda buzagilar 4
Kolostrum aylikken, %24,3"linde ise 5 aylikken siitten kesilmektedir. Ayrica,
Buzag1 baslatma yemi yetistiricilerin  ¢ogunlugunun (%72,7) buzagilara verilecek siit
Erzurum miktarina karar vermek i¢in buzagilarin dogum agirligint bir kriter

olarak kabul ettigi de gozlemlenmistir. Bu giftliklerde buzagilara
* Sorumlu Yazar kolostrum verme yontemi olarak %54,3'liik bir oranla annelerini emme

yontemi kullanilirken, bunu %45,5'lik bir oranla biberonla besleme ve
%0,2'lik ¢ok diisiik bir oranla kova yontemi takip etmistir. Ayrica,
Horasan ilgesindeki buzagilara genellikle 2 haftalik (%28,3) veya 3
haftalik (%28,1) yasta buzagi baslangic yemi verilmeye baslanirken,
kuru saman buzagilarin ¢oguna (%42,0) genellikle 2 haftalik yasta
verilmektedir. Sonu¢ olarak, Erzurum ili Horasan ilgesinde buzagi
yetistirme uygulamalarinda yapilan yanlisliklar belirlenmis ve bu
sorunlarin giderilmesi i¢in ¢6ziim dnerileri sunulmustur.

mtyanar@gmail.com

Introduction

Cattle play a major role in the worldwide production of meat and milk, including in
Turkey. According to the latest FAO data, the global number of cattle has exceeded 1.529
billion in 2021, making them one of the most commonly reared types of livestock worldwide
(Anonymous, 2023).

The hilly terrain, high altitude, and plentiful pastures and meadows, along with
unsuitable climatic conditions for cultivating industrial and horticultural crops, have made
animal husbandry, primarily cattle rearing, a crucial economic activity in Erzurum province.
According to the latest livestock statistics, the province has reared 800,002 head of cattle in the
year 2022. In the province, 19.05% of the cattle were continental breeds, while crossbreeds
made up 76.63% and indigenous breeds 4.32% (Anonymous, 2023). Furthermore, Horasan
county contributed 8.52% of the total number of cows in Erzurum province.

Calf rearing is a vital factor in ensuring the sustainability of cattle enterprises, and it is
an area of cattle rearing that demands the utmost attention (Kaygisiz et al., 2023). Obtaining
one calf annually from each cow is crucial for profitability in dairy cattle breeding (Ozhan et
al., 2015). The continuity of the herd depends on a successful and healthy calf breeding
programme. Therefore, it is imperative to minimize calf losses, particularly during the neonatal
period. Raising healthy calves is very important in order to replace the cows that are culled
from the herd every year for various reasons with new breeding cows (Tiizemen and Yanar,
2013). In calf rearing systems, factors that negatively affect calf health include inadequate and
poor calf feeding, insufficient and poor quality colostrum intake, poor housing conditions and
inadequate health protection programs. Furthermore, high calf mortality rates around the world
are also considered to be the most important parameters indicating poor animal welfare and
herd management (Kaygisiz et al., 2022).

When conducting surveys to identify the current situation and problems in livestock
enterprises, it is important to collect information on recent production, farm management and
enterprise practices (Costa et al., 2013). This information can also be crucial for designing
livestock policies for a region or even an entire country (Kogyigit et al., 2023). Although
numerous survey studies have been conducted on calf rearing techniques, problems and
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proposed solutions in different regions of Turkey (Oguz et al., 2013; Kogyigit et al., 2015;
Yener and Yaylak, 2015; Diler et al., 2017; Kaylan et al., 2019; Karaca, 2020; Kurt 2020; Sezer,
2020; Ozsaglicak and Yanar, 2021; Ermetin and Erkan Can, 2023), there is no study conducted
in Horasan county of Erzurum province. Therefore, the aim of this research is to evaluate the
current management approaches of calf rearing in cattle farms in Horasan county, highlight the
existing problems and provide recommendations for these problems.

Material and Method

The study was approved by Atatiirk University Faculty of Agriculture Ethics Committee
Chairmanship (Protocol Number: 2023/11). Data used in this study were obtained by
conducting a face-to-face survey of cattle farms located in 77 villages in the county of Horasan
in the province of Erzurum. For the purpose, 500 farm owners selected from 4565 farms in the
county were interviewed. In the determination of the random sample size (number of
enterprises) in this research, a method whose formula is given below, was used. This formula
is for cases where the variance is unknown, the population is limited and there are
qualitative variables dependent on probability (Arikan, 2007).

n=(N. Z%a2. p. q)/[(N-1). D]+( Z%u2. p. @)
In this formula;
n=Number of samples,
N=Population size,
D=Margin of error (5%),
Z o»= Table value (1.96) for a= 0.05,
p=The rate to be calculated (0.5),
g=1-p.

4565%1.96%* 0.5%0.5

n=
(4564%0.052)+(1.962%0.5%0.5)

=354.6

The study initially established a minimum of 355 surveys, which was later increased by
41.0%. A survey was then conducted with 500 owners of enterprises in Horasan county. The
data collected from the survey was transferred to Excel 2016 and analyzed using the SPSS
statistical software package (SPSS, 2013) through frequency analyses.

Results and Discussion

Daily amount of milk given to the calves
The results concerning the daily amount of milk given to the calf and the age at weaning

are presented in Figure 1. In response to the question of the amount of milk given to the calf
daily, 69.5% of the farmers preferred the option as much as the calf suckled. This was followed
by 4 liters with 11.3%, 5 liters with 8.9%, 3 liters with 5.7%, 2 liters with 3.6%, 6 liters with
0.6% and 1 liters with 0.4%. Among the results of studies conducted in other regions of Turkey,
Kaygisiz et al. (2023) showed that 66% of cattle breeders in Torul county of Gilimiishane
province gave more than 5 kg of milk to calves in the first 30 days, while 76% gave less than 5
kg of milk in 31-60 days. Similarly, Kogyigit et al. (2021) reported that the majority (44.2%)
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of cattle enterprises in the central county of Agr1 province offered 5 litres of milk per day to
calves, while in 34.0%, 11.3%, 8.3% and 2.0% of cattle farmers gave daily 4 litres, 6 litres or
more, 3 litres and 2 litres of milk to calves, respectively. However, Tatar and Esenbuga (2022)
stated that 70% of cattle farmers in Odemis county of Izmir province gave 1-3 litres of milk
and 27.1% gave 4-5 litres of milk to calves in the first weeks.
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Figure 1. Daily amount of milk given to the calves (kg)
Sekil 1. Buzagilara giinliik verilen siit miktari (kg)

Weaning age of the calves
Calf weaning is a critical and challenging procedure in livestock breeding that

significantly influences calf welfare, development, and growth. In dairy cow production
systems across USA and Canada, economic considerations have caused the pre-weaning period
to be shortened to 6-8 weeks of age. Although the age of calf differs significantly between cattle
farms in Turkey, Erez and Goncii (2012) report that it is later than in the USA and European
countries. In terms of the age at which calves were weaned in Horasan county of Erzurum
province, 38.4% of owners of enterprises responded that calves were suckled for as long as their
mothers were milked. This was followed by 4 months with 27.6%, 5 months with 24.3%, 6
months with 4.7%, 3 months with 2.8%, 7 months with 1.4%, 2 months with 0.6% and 1 months
with 0.2% (Figure 2). Thus, the average weaning age of the calves reared in Horasan county of
Erzurum province was found to be between 3 and 4 months of age. Similarly, Kaygisiz et al.
(2008) reported that 56.0% of the cattle farms in Kahramanmarag province weaned their calves
at 3-4 months, while Oztiirk (2009) found that calves in Mardin province were fed milk for
more than 3 months. Furthermore, Ozsaglicak and Yanar (2021) reported that the majority
(79.7%) of calves reared in the central county of Erzincan province were weaned at the age of
3-4 months, while Yesil (2015) found that 61.5% of calves were weaned at the age of 3-4
months and 39.5% at the age of 5 months in Igdir province. Furthermore, Kogyigit et al. (2021)
also stated that the majority (58.0%) of cattle breeders in Agr1 province weaned their calves at
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6 months of age. In contrast to the results of the above studies, Akkus (2009) found that the
average weaning age of calves reared in Konya province was 68.3 days.

38,40
40,0
35,0
30,0
25,0
20,0
15,0

10,0
’ 2,80 4,70
50 0,20 0,60

1,40
vy — = 1 | [

1 month 3 months 5 months

27,60
24,30

Percentage (%)

7 months

Figure 2. Weaning age of the calves
Sekil 2. Buzagilarn siitten kesim yaslar

Criteria used to determine the amount of milk to be given to calves
The results of the criteria considered by the cattle breeders in Horasan to determine the

amount of milk to be given to the calves are presented in Figure 3. Although the majority of
farmers (72.7%) used birth weight as a criterion to determine the amount of milk to be given to
the calf, 18.4% reported that they adjusted the amount of milk according to the age of the calf
and 3.2% according to live weight. A further 5.7% of breeders reported that the amount of milk
to be given to the calf was determined randomly and no criteria were taken into account.
Contrary to the findings obtained in the present study, Kogyigit et al. (2021) reported that the
majority (86.8%) of cattle breeders in the province of Agr1 Province determined the amount of
milk to be given to their calves randomly and roughly without considering any criteria.

M Based on birth weight M According to live weight

4 According to age of calf ¥ Randomly

Figure 3. Criteria used for determining the amount of milk to be given to calves
Sekil 3. Buzagilara verilecek siit miktarini tespit etmek icin kullanilan kriterler
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Colostrum feeding methods and umbilical cord care for newborn calves
The results of the methods of feeding colostrum to calves reared on cattle farms in

Horasan County are presented in Figure 4. In these farms, the methods of feeding colostrum to
calves were by suckling their mothers with a percentage of 54.3%, followed by calf feeding
bottle with a percentage of 45.5% and the bucket method with a very low percentage of 0.2%.
Similarly, Kogyigit et al. (2015) reported that calves took colostrum by sucking their mothers
in the majority (82.0%) of cattle enterprises in Hinis county of Erzurum province, while a calf
feeding bottle was used in 10%, a bucket in 7.0% and a bucket with nipple in 1.0% of these
farms. In another study carried out by Diler et al. (2017) in the Narman county of Erzurum
province, it was found that calves were not given colostrum in 47.0% of the farms, and in the
farms where colostrum was given, calves received colostrum by sucking their mothers (40.0%)
or by calf feeding bottle (57.0%). Furthermore, 84.0% of the breeders stated feeding colostrum
for less than 3 days and the duration of milk feeding for the calves was mostly 4-5 months
(51.0%). in Finland, Hanninen et al. (2007) reported that 51.3% of the farms offered colostrum
by calf feeding bottle and 36.5% by bucket, while Heinrichs et al. (1987) stated that 57.8% of
the colostrum was given by suckling from mother, and the rest was given by buckets with
pacifier in USA. However, Vasseur et al. (2010) reported that 92.0% of the farms included in
their research gave milk to calves in buckets and 17.7% gave milk in bottles with pacifier in
Canada.

45,50%

54,30%

@ Suckling their mothers @ By calf feeding bottle
m By bucket with niple

Figure 4. Colostrum feeding methods
Sekil 4. Kolostrumla besleme metotlar

When the umbilical cord care of the calves in Horasan county was evaluated, it was
found that most of the owners of the enterprise (85.6%) did not perform umbilical cord care of
the newborn calves and only 14.4% of them did (Figure 5). This result is in accord with the
results of Kogyigit et al. (2018) and Kaylan et al. (2019) who reported that 73.4% and 85.8%
of breeders in Narman county of Erzurum province and Igdir province did not provide umbilical
cord care to newborn calves. On the other hand, Kaygisiz et al. (2023) and Kogyigit et al. (2016)
stated that in Torul county of Gilimiishane province (53.0%) and Hinis county of Erzurum
province (45.0%), unlike Horasan county, the percentages of farms that provided umbilical cord
care to calves were higher. Unalan et al. (2013), Kaygisiz et al. (2022) and Karaca (2020)
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reported similar results in studies conducted in Nigde (72.9%), Andirin county of
Kahramanmaras (96.0%) and Hendek county of Sakarya province (71.3%), respectively.

B560%  emrrme,

Figure 5. Umbilical cord care for newborn calves
Sekil 5. Yenidogan buzagilar i¢in gébek kordonu bakimi

Time to initiate feeding hay and concentrate feeds to calves
When calves are born, their rumen is underdeveloped. The rumen must develop before

it can digest solid feeds. Dry feed intake are the most significant factors for rumen development
in newborn calves. For example, calves fed concentrates in addition to milk will have
significantly more papilla development and a much thicker, darker and more vascularised
rumen wall. In addition, newborn calves with access to roughage will have positive effects on
increasing rumen size and rumen motility, stimulation of rumination and the salivary flow to
the forestomach (Giimiis ve Kiiciikeraslan, 2018). Therefore, it is recommended that dairy
calves are started on dry hay at 1-2 weeks of age and calf starter at around 10 days of age
(Tiizemen and Yanar, 2013). In Horasan County of Erzurum province, the most of the calves
(42.0%) began receiving dry hay for the first time when they reached 2 weeks of age. It was
also observed that 32.5% of the cattle enterprises started feeding dry hay when the calves were
3 weeks old. Additionally, 14.7% of cattle farms began feeding dry hay for the first time when
the calves were 4 weeks old (Figure 6.). Regarding the timing of the first feeding of concentrates
to calves, young animals are generally started on calf starter at the age of 2 weeks (28.3%) or 3
weeks (28.1%) in Horasan County. On the other hand, 14.4%, 7.6%, 6.8% and 7.6% of breeders
start feeding concentrates to calves for the first time at 4, 5, 6 and 7 weeks of age respectively
(Figure 7.).

In studies conducted in other regions of Turkey, 98.5% of cattle farms in Sivas province
started giving calf starter to calves from 6-7 days of age, as reported by Hozman and Akgay
(2016), while calves reared in Burdur province received it on average from the ninth day (Oguz
et al., 2013). Capadag (2016) found that calves in Yakutiye County of Erzurum Province were
given roughage and concentrate feed for the first time at an average age of 24.5+14.6 days.
Diler et al. (2016) also stated that the majority (52.0%) of the cattle producers surveyed started
giving dry hay and calf starter when their calves were 4 weeks old and 30.0% of them started
giving dry hay and calf starter after 4 weeks of age. Furthermore, Kum (2006) indicated that
the most of the farms (39.4%) in the central Antalya region started feeding calf starters to
calves from the fourth week. It was also reported that 27.5% of the farms in this region started
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to give calf starter from the 2nd week. On the other hand, the number of enterprises in Burdur
province that started feeding dry feed to calves in the first, second, third, fourth and fifth weeks
was 283 (41.8%), 146 (21.6%), 109 (16.1%), 82 (12.1%) and 57 (8.4%), respectively (Elmaz
et al. 2010). In a study carried out in Canada (Vasseur, et al. 2010), it was reported that calves
had access to the calf starter from the seventh day of life and dry hay from the third day of life.
In addition, Heinrichs et al. (1987) reported that 97.9% of cattle producers in Pennsylvania,
USA, started feeding with calf starters to new-born calves within the first week of life and
78.7% of breeders began feeding dry hay to calves at 2 weeks of age. In another study carried
out in the USA, the average age of access to starter feed for calves was 8.5 days, but access to
dry hay was 24.5 days of age (USDA, 2008).
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Figure 6. Time to start feeding calves with hay
Sekil 6. Buzagilar: kuru otla beslemeye baslama zamani
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Figure 7. Time to start feeding concentrates to calves
Sekil 7. Buzagilara konsantre yemi vermeye baslama zamanti
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Age of calves at water access
Providing calves with free access to water from their first days of life is a straightforward

and cost-effective method of enhancing rumen development, average daily weight gain, and
preparing them for a seamless transition to weaning (Jones and Heinrichs, 2007). When
examining the age at which calves were given free access to water for the first time after birth,
it was found that approximately half of the cattle farms (52.3%) surveyed in Horasan county
began providing water to calves between 1 and 10 days of age, while approximately one third
of the farms offered water to calves between 11 and 20 days of age. Furthermore, 12.3% and
0.6% of farms started watering calves between 21 and 30 days of age and 31 days and later,
respectively (Figure 8). A similar result was also reported by Capadag (2016), who found that
44.2% of cattle farms in Yakutiye county of Erzurum province gave water to calves for the first
time between the first and tenth day after birth, and 21.3% between the eleventh and twentieth
day. Furthermore, Ozsaglicak and Yanar (2021) also found that 58.6% of the enterprises
surveyed in the central county of Erzincan province had access to water in the first 21 days after
birth. On the other hand, Tatar (2007) found that 61.7% of cattle farms located in Ankara and
73.2% in Aksaray started watering calves in the first week of life.
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Figure 8. Time to start watering calves
Sekil 8. Buzagilar: sulamaya baslama zamani

In a study carried out by Capadag (2016) in cattle farms in Yakutiye county of Erzurum
province, it was reported that calves were given water for the first time at an average age of
19.5 days. The same study also reported that 44.2% of the farms allow the water access to the
calves for the first time in the period between 1-10 days after birth. Furthermore, the percentages
of the cattle farms that started watering their calves in the period between 11 and 20 days and
21-30 days were noted as 21.3% and 27.2% respectively. Furthermore, Diler et al. (2018)
reported that 48.1% of the owners of enterprise in Narman county in the same province started
watering their calves between 1 and 3 days after birth, 44.7% between 4 and 7 days of age, and
7.2% after one week of age. Similarly, Vasseur et al. (2010) reported that 9.6% of cattle farms
in the province of Quebec, Canada, did not allow unweaned calves access to water, although
91.4% of farms allowed calves access to water from an average age of 2.5 days. However, in
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the United States, it was indicated that calves are allowed to drink water from an average age
of 15.3 days (USDA, 2008). Additionally, Diler et al. (2016) also found that cattle breeders in
Hinis county of Erzurum province generally began watering their calves at 1-2 weeks of age
(77.0%). On the other hand, Aydin et al. (2022) reported that 98.7% of cattle farmers in Ispir
county of the same province did not give water to calves before the age of 3 weeks. The results
obtained in Horasan county are quite parallel to the results of the studies mentioned above. It
could be said that due to the lack of individual calf pens in cattle farms in Horasan county in
general and the housing of calves of different age groups together, the time to start watering
calves may be more intensive in the first weeks of life.

Conclusion

In Horasan county, Erzurum province, some incorrect practices were observed during
calf breeding in this study. A significant issue is that in a majority of farms (69.5%), daily milk
consumption of the calves remains unknown as they receive uncontrolled milk by sucking their
mothers. Therefore, it was noted that calves raised in the cattle farms of the county were being
given milk in quantities greater or less than required. However, as the milk feeding period is a
very critical period for the growth and development of calves as well as for their health, it is
imperative that calves are fed milk in the quantities they need during this period. For this reason,
it has been recommended that calves in the Horasan county should be given 10% of their birth
weight or 4 litres of milk daily by a calf feeding bottle at 2 meals, morning and evening.

Another problem with calf rearing in the county is that calves are usually weaned at a
very advanced age. It was found that the highest proportion (38.4%) of farms continue to feed
milk during the period when the cows are milked. It has been noted that this situation is due to
the difficulties in marketing milk as a result of the widespread use of grazing in the county. For
this reason, it was proposed that the Ministry of Agriculture has to provide financial and training
support to establish a cold chain for milk transport and deliver milk to dairies by refrigerated
vehicles, and to develop awareness among farmers to act collectively in marketing milk.

It was found that 51.8% of the calf breeders in Horasan County started feeding dry hay
to calves for the first time in the third or later weeks of life. On the other hand, 64.5% of the
farms started feeding concentrates to calves in the same period. Therefore, instead of these
erroneous applications, it was recommended to the farmers to start with dry hay for dairy calves
at the age of 1-2 weeks and for calf starters at about 10 days. Another important issue in calf
rearing was the high rate of neglect of umbilical cord care in newborn calves, which is one of
the factors that can lead to calf losses in the neonatal period in Horasan county. The importance
of umbilical cord care, which is a simple but effective means of protection against infectious
diseases, needs to be recognised by farmers and livestock rearing training for farmers in the
county should be intensified to effectively disseminate this care practice.
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ARTICLE INFO ABSTRACT
Research Article In this study, which aims to determine the levels of heavy metals, in the

blood of 20 Anatolian buffaloes (Bubalus bubalis) aged 12-18 months,
raised in Bitlis province, Giiroymak District and fed with ready-made
Received :09.11.2023 feed ad-libitum in pasture + pen conditions. 3 macro minerals and 14
Accepted :19.12.2023 micro minerals were found in the blood. The levels of a total of 17
minerals were measured by inductively coupled plasma optical
emission spectrometry (ICP-OES). Among the macro minerals levels

Keywords were Ca 43.896+1.216 ppm, Mg 11.3810.325 ppm, K 133.175+13.959
Ad-libitum feeding ppm and micro minerals levels were Al 0.710£0.090 ppm, As
Anatolian buffalo 0.027+0.006 ppm, Ba 0.038+0.006 ppm, Co 0.006+0.002 ppm, Cr
Blood minerals 0.055%0.010 ppm, Cu 0.218+0.033 ppm, Fe 0.83 2+0.051 ppm, Mn
Heavy metals 0.024+0.003 ppm, Mo 0.009+0.002 ppm, Se 0.084+0.009 ppm, Sr
ICP-OES 0.050+0.004 ppm, Ti 0.046+£0.011 ppm, V 0.058 £0.014 ppm and Zn
0.168+0.025 ppm. Relationships between minerals are revealed by

* Corresponding Author Pearson Correlation Coefficient (p<0.05). In addition, in this study, the
) ranking of macro and micro minerals and the relative values of some of
aodemir@yyu.edu.tr these minerals (As/Se, Ca/Mg, Ca/Mn, Ca/Zn, Cu/Fe, Cu/Zn, K/Mg,

Mn/Fe, Mn/ Mg, Zn/Fe) were presented.

Bitlis ili’nde Yetistirilen Anadolu Mandalarinda (Bubalus bubalis)
Kandaki Agir Metal Diizeylerinin Arastirilmasi

MAKALE BiLGIiSi Oz

Arastirma Makalesi Agir metal diizeylerinin belirlenmesinin amaglandigi bu g¢alismada
Bitlis ili, Giiroymak, ilgesi’nde yetistirilen ve mera+agil kosularinda
ad-libitum olarak hazir yemle beslenen Anadolu mandalarindan

Gelis: 09.11.2023 (Bubalus bubalis) 12-18 aylik yastaki 20 malaginin kanlarinda, 3’i

Kabul: 19.12.2023 makro mineral ve 14’li mikro mineral olmak tizere toplam 17 mineralin
diizeyi indiiktif eslesmis plazma optik emisyon spektrometresi (ICP-
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11.381+£0.325 ppm ve K 133.175+13.959 ppm iken; mikro

Anahtar Kelimeler minerallerden Al 0.710:0.090 ppm, As 0.027+0.006 ppm, Ba

Ad-libitum besleme 0.038+0.006 ppm, Co 0.006+£0.002 ppm, Cr 0.055+0.010 ppm, Cu
Anadolu mandasi 0.21840.033 ppm, Fe 0.832+0.051 ppm, Mn 0.024+0.003 ppm, Mo
Kan mineralleri 0.009+0.002 ppm, Se 0.084+0.009 ppm, Sr 0.050+£0.004 ppm, Ti
Agir metaller 0.046+0.011 ppm, V 0.058+0.014 ppm ve Zn 0.168+0.025 ppm
ICP-OES diizeyinde oldugu belirlenmistir. Mineraller arasindaki iliskiler Pearson
Korelasyon Katsayist (p<0.05) ile ortaya konulmustur. Ayrica bu
* Sorumlu Yazar caligmada makro ve mikro minerallerin siralamasi ve bu minerallerden
. bazilarimin oransal degerleri de (As/Se, Ca/Mg, Ca/Mn, Ca/Zn, Cu/Fe,
aodemir@yyu.edu.r Cu/Zn, K/Mg, Mn/Fe, Mn/ Mg, Zn/Fe) sunulmustur.

Introduction

The buffalo is a farm animal that is bred mainly on the Asian continent. On this
continent, India (56.4%) is the country with the highest presence of buffalo wealth in the world.
While Pakistan (18.8%) and China (11.7%) took their places in the ranking, they actually
undertook a large part of buffalo breeding in the Asian continent. When we look at the European
continent, although Italy is the most common buffalo breeding country, it has only 0.2% of the
global buffalo wealth. On the other hand, the presence of buffalo in Turkey (0.08%) ranked 19'"
in the world (Saridzkan, 2011). In 2016, India ranked 1% with the number of 105 million
buffaloes, while Turkey ranked 11" in the world with 134 thousand buffaloes (Anonymous,
2016).

Turkey is a model country known for its intensive buffalo breeding. It has a significant
potential with the buffalo population scattered throughout its territory in 7 geographical
regions. According to TUIK (2021) data, Samsun (22015 heads), Diyarbakir (2026 heads),
Istanbul (15864 heads) and Bitlis (11250 heads) were the leading provinces in terms of buffalo
breeding. According to 2020 data, Giiroymak district of Bitlis province, which ranks 4", had
the highest buffalo presence (92.8%) in the province with 9809 head of livestock (TUIK,
2020). The advantage of Bitlis in terms of buffalo farming is that it has rich water resources.
Even in the macro temperature of Eastern Anatolia, which reaches -30 degrees in winter, the
hot spring waters of Giliroymak, which reach 40 degrees, were expressed as a perfect fit for
buffaloes (Anonymous, 2018). Nemrut Crater Lake and Warm Lake, which are located in the
caldera of Nemrut volcano and whose waters are sweet and cold, are among the habitats where
buffaloes love to spend time (Anonymous, 2023a). Giiroymak plain, where buffalo breeding
is intensive, 1s the continuation of Rahva plain and mus plain. The largest plateau of Bitlis is
the Duap plateau, which is also located within the borders of Giiroymak district (Anonymous,
2023a). It is also very important to know the healthy blood reference values of these animals,
which are so widely breeded.

Like most animal species (McCaughan, 1992, Mc Dowell, 1992), buffaloes require a
variety of macro and micro minerals (elements) for health and yield. Some of these minerals
are: Calcium (Ca), Potassium (K), Magnesium (Mg), Aluminum (Al), Arsenic (As), Barium
(Ba), Cobalt (Co), Chromium (Cr), Copper (Cu), Iron (Fe), Manganese (Mn), Molybdenum
(Mo), Selenium (Se), Strontium (Sr), Titanium (Ti), Vanadium (V) and Zinc (Zn). Although
minerals are present in low concentrations in the organism, they participate in the structure of
many tissues and act as cofactors of various enzymes (Spears, 1996, Johnson and Socha, 1998).
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In the absence or excess of minerals, significant dysfunctions are formed in the
organism. Particular emphasis is placed on 15 minerals that are essential for buffaloes in the
organism (Fiest, 1999). These minerals are Calcium (Ca), Chlorine (Cl), Cobalt (Co), Copper
(Cu), Iron (Fe), lodine (1), Potassium (K), Magnesium (Mg), Manganese (Mn), Molybdenum
(Mo), Sodium (Na), Phosphorus (P), Sulfur (S), Selenium (Se) and Zinc (Zn) (Biilbiil, 2010).
Deficiency or excess of these minerals may adversely affect reproduction, fertility and immune
systems (Mc Dowell, 1992), physiological and/or metabolic problems may occur. Since the
early 1980s, some trace elements, which are considered as a subgroup within the
microelement’s family, have started to be called “ultra-trace elements” (Celik and Okuyucu,
2005). At the same time, these minerals, which are from the group of minerals and are harmful
to the organism, are called “heavy metals”. The most common heavy metals, the amount of
which is measured through blood tests; Arsenic (As), Cadmium (Cd), Mercury (Hg) and Lead
(Pb). Less commonly tested heavy metals are Aluminum (Al), Copper (Cu), Thallium (Ta) and
Zinc (Zn) (Anonymous, 2023b). Evaluation of the biochemical parameters of animals is
important for clinical approaches (Groff and Zinkl, 1999) and it is also important to know the
reference values of the region where the animals are raised. This study aimed to reveal the
reference values of some minerals in the blood of healthy buffaloes and the relationship
between them.

Materials and Methods

In the decision of Van Yuzuncu Yil University Animal Research Local Ethics
Committee, in the Approval Certificate dated 31.01.2023 and numbered 2023/03-01; It was
stated that "Animal Research Ethics Committee Approval is not required for the relevant
research project.”

Ecosystem

The alive material of the study consisted of buffaloes grown in the Gliroymak district of
Bitlis. Giiroymak is at 38° 34' 35.1660" North and 42° 1' 14.2248" East gps coordinates.

Animal material

The alive material of the study consisted of 20 male buffalo calves, which were the
offspring of Anatolian buffaloes (Bubalus bubalis) in the Mediterranean buffalo group aged
12-18 months, which were raised by the public. Internal-external parasite control was carried
out on the animals and routine vaccinations were applied. The animals were fed ad-libitum
with ready-made feed consisting of 70% concentrate feed and 30% roughage containing an
average of 13-15% protein and 2600 Kcal ME in a semi-intensive system (pasture + pen runs)
fattening enterprise.

Blood collection

Before the procedure, the animals were fasted for one night (12 hours). The next
morning, after the necessary containment measures were applied to the buffaloes, blood
samples were taken from V. jugularis (Kelly, 1984) with non-ionized sterile 10 cc syringes and
transferred to gel tubes. The samples brought to the laboratory by cold chain were centrifuged

152

Cilt/VVolume: 6, Sayi/Issue: 2, 2023



Demir, Akkol, Ciftsiiren, Yilmaz

at room temperature (68 to 72°F / 20 to 22°C) at 3000 rpm for 10 minutes to separate the serum
portions. Serums were transferred to 1.5 cc polyethylene tubes using a clean pipette tip for each
sample. These tubes were stored in a -20°C freezer until blood analysis was performed (Delves
and Camphell, 1988).

Laboratory analysis

The tubes containing the frozen serums were left alone at room temperature to thaw
completely. Before the serums were sent to the laboratory, they were transferred to dry tubes
and diluted in certain proportions. For this purpose, Triton X-100 (Merck Triton X-100
1.08643) solution was diluted to 1% with deionized water, and serum samples were diluted 10
times with this solution and made ready for heavy metal reading (Diindar et al., 2018). Triton
X-100 reagent is frequently used in micromineral analysis of biological fluids in living
organisms. This reagent increases the fluidity of fluids such as blood and reduces the
heterogeneity that can result from the dilution process.

Today, ICP-OES (Inductively Coupled Plasma — Optical Emission Spectrometry),
which is used especially in micro mineral analysis, is among the most popular techniques. In
this study, the analyses of macro minerals (Ca, K, Mg) and micro minerals (Al, As, Ba, Co, Cr,
Cu, Fe, Mn, Mo, Se, Sr, Ti, V, Zn) were carried out at Van Yuzuncu Yil University, Science
Application and Research Center. For this, Thermo Scientific brand, CAP6300DOU model
device was used. The determination limit of the minerals is 1 pg/L and the confidence interval
of the analysis results is 99%. The results of the analysis were evaluated as the average of 2
measurements.

Statistical Analysis

SAS 9.4 (2014) package program was used for the statistical evaluation of the data
obtained as a result of the research, Proc means were used for introductory statistics and Porc t
test procedures were used for the comparison of groups. The relationships between minerals
were revealed by Pearson Correlation Coefficient (p<0.05). In addition, the ranking of macro
and micro minerals (Patkowska-Sokola et al., 2009) and the proportional values of some of
these minerals (As/Se, Ca/Mn, Ca/Mg, Ca/Zn, Cu/Fe, Cu/Zn, Mn/Fe, Mn/Mg, K/Mg, Zn/Fe)
are also presented in this study (Jacobson et al., 1971; Mortimer et al.1999). In the interpretation
of the literature in the discussion section, the following unit translations were applied.

1 ppm=1 mg/L = 1000 pg/L= 0.1 mg/dL= 1 mg/kg
1 mmol/L= 1000 umol/L
1 ng/100 ml = 0.001 ppm =1 ng/g

Fe: 1 mg/L =0.0250 mmol/L (Anonymous, 2023c)
1 pmol/L = 5.5865 pg/dL (Anonymous, 2023d)
K: 1 mg/L =0.0256 mmol/L (Demir et al., 2020)
Cu: 1 mg/dl =160 pmol/L = 0.16 mmol/L (Anonymous, 2023d, 2023e)
Zn: 1 pumol/L =6.538 pg/dl (Anonymous, 2023f)
Mn: 1 mEg/L =0.0364 mg/L (Anonymous, 20239)
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Each mineral and the selected wavelengths (%) for that mineral were presented in Table
1. The concentration values used to plot the six-point calibration curve at these wavelengths
were 0.000, 0.500, 1.000, 3.000, 5.000, 7.000 pg/L. An example Ca graph was presented in

Figure 1.

Table 1. Mineral wavelengths (%)
Tablo 1.Mineral dalga boyu (%)

Mineral Mineral subgroup Mineral name Mineral symbol Mineral wavelength (A): nm
Macro Calcium Ca 393.366
Potassium K 766.490
Magnesium Mg 279.553
Micro Micro Cobalt Co 228.616
Chromium Cr 283.563
Copper Cu 324.754
Iron Fe 259.940
Manganese Mn 257.610
Molybdenum Mo 202.030
Selenium Se 196.090
Zinc Zn 213.856
Ultra-trace Aluminium Al 167.079
Arsenic As 167.079
Barium Ba 455.403
Strontium Sr 407.771
Titanium Ti 334.941
Vanadium Vv 309.311
700K
600K
500K
400K
x
D
300K /
200K
100K
oK
1 2 3 4 6

Figure 1. Calibration graph of the element Ca measured at a wavelength of 393.366 nm
Figure 1. 393.366 nm dalga boyunda dl¢iilen Ca elementinin kalibrasyon grafigi
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Mean concentrationtstandard error (Mean+SE) and minimum-maximum values of
serum macro and micro mineral values of Anatolian malaks were presented in Table 2.

Table 2. Serum mineral values of Anatolian buffalo calves (ppm)

Tablo 2. Anadolu malaklarinin serum mineral degerleri (ppm)

Mineral Mineral subgroup Mineral symbol Mean + SE Minimum- Median
Maximum
Macro Ca 43.896+1.216 30.970-51.824 44.353
K 133.175+13.959 61.834-315.904 111.335
Mg 11.381+0.325 8.448-14.105 11.677
Micro Micro Co 0.006:0.002 0.001-0.030 0.005
Cr 0.055+0.010 0.004-0.094 0.055
Cu 0.218+0.033 0.016-0.624 0.188
Fe 0.832+0.051 0.448-1.427 0.811
Mn 0.024+0.003 0.005-0.041 0.023
Mo 0.009+0.002 0.001-0.029 0.009
Se 0.084+0.009 0.017-0.158 0.084
Zn 0.168+0.025 0.026-0.403 0.138
Ultra-trace Al 0.710+0.090 0.118-1.416 0.621
As 0.027+0.006 0.006-0.105 0.017
Ba 0.038+0.006 0.002-0.081 0.036
Sr 0.050+0.004 0.028-0.091 0.048
Ti 0.046+0.011 0.001-0.118 0.032
\% 0.058+0.014 0.000-0.194 0.044

The ranking of minerals according to the literature (Patkowska-Sokola et al., 2009) was

presented in Table 3.

Table 3. Ranking of the mean (x) of serum mineral values of Anatolian buffalo calves
Tablo 3. Anadolu manda buzagilarinin serum mineral degerlerinin ortalama (x) siralamasi

Makro minerals

Mikro minerals

K> Ca> Mg> [ Fe> Al> Cu> Zn> Se>

V> Cr> Sr>

Ti> Ba> As>

Mo> Co

The values of serum macro and micro minerals of Anatolian buffalo calves regarding
Pearson correlation coefficients were presented in Table 4, Table 5 and Table 6, respectively.
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Table 4. Pearson Correlation Coefficients of serum mineral values of Anatolian buffalo calves-I
Tablo 4. Anadolu malaklarinin serum mineral degerlerinin Pearson Korelasyon Katsayilari-|

Al As Ba Ca Co Cr Cu Fe K

Al 1000 -0.131 0.242 -0401 -0.352 -0.622 -0.324 -0.230 -0.184
As 1.000 0.159 -0.114 0.010 0.365 0.722*  0.247 0.720**
Ba 1.000 0.215 -0.276 0.101 0.227 -0.540 0.044
Ca 1.000 0.524*  0.060 0.173 0.240 0.097
Co 1.000 0.147 0.120 0.698*  -0.122
Cr 1.000 0.039 -0.025 0.641
Cu 1.000 0.345 0.421
Fe 1.000 0.228

K 1.000

*p < 0.05 **p < 0.01, statistically significant coefficient of correlation

Table 5. Pearson Correlation Coefficients of serum mineral values of Anatolian buffalo calves-II
Tablo 5. Anadolu malaklarinin serum mineral degerlerinin Pearson Korelasyon Katsayilari-1|

Mg Mn Mo Se Sr Ti \ Zn
Mg 1.000 -0.019 0.302 0.235 -0.070  -0.053 0.043 -0.381
Mn 1.000 -0.495  -0.477 -0.174  -0.686*  -0.287  -0.356
Mo 1.000 0.607*  0.270 -0.294 0.194 0.472
Se 1.000 0.033 0.168 0.083 0.499*
Sr 1.000 0.090 -0.302  0.031
Ti 1.000 0.305 -0.027
\Y 1.000 0.118
Zn 1.000

*p < 0.05, statistically significant coefficient of correlation

Table 6.Pearson Correlation Coefficients of serum mineral values of Anatolian buffalo calves-1II
Tablo 6. Anadolu malaklarimin serum mineral degerlerinin Pearson Korelasyon Katsayilari-111
Mg Mn Mo Se Sr Ti \ Zn
Al -0.233 0.161 0.007 -0.031 -0.017 -0.074 -0.321 0.232
As -0.203 -0.066  0.007 0.269 0.055 -0.311  -0.013 0.327
Ba 0.081 0.617* -0.671* -0.404 -0.409 0.007 -0.626*  -0.636*
Ca 0.800 0.044 0.082 -0.025 -0.290 0.057 0.103 -0.497*
Co 0.637** -0.304 0.807** 0.438 0.040 -0.323  0.228 0.203
Cr -0.036 0.122 0.147 0.020 0.484 0.436 -0.046 -0.406
Cu -0.114 0.373 -0.216 0.019 -0.387 -0.504 0.269 0.071
Fe 0.183 -0.206  0.622* 0.097 0.124 -0.457  0.269 0.347
K -0.015 -0.083  -0.010 0.083 0.035 0.002 -0.026 0.189
*p < 0.05 **p < 0.01, statistically significant coefficient of correlation
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Table 7. Proportional relationships of serum mineral values of Anatolian buffalo calves

Tablo 7. Anadolu malaklarinin serum mineral degerleri arasindaki orantisal iliskiler
Mineral Ratios  Proportional Values Interaction Direction*  Interaction Mode**  Literature

Al/ Co 118.333 Belirtilmemis - Mortimer et al. 1999
Al/ Mg 0.062 Belirtilmemis - Mortimer et al. 1999
As/ Se 0.321 — - Jacobson et al., 1971; Mortimer et al. 1999
Ca/ Mg 3.857 — Antagonism Jacobson et al., 1971
Ca/ Mn 1.829 — — Antagonism Jacobson et al., 1971; Mortimer et al. 1999
Cal Zn 261.286 — Antagonism Jacobson et al., 1971; Mortimer et al. 1999
Col Fe 0.667 Belirtilmemis - Mortimer et al. 1999
Cu/ Fe 0.262 — Antagonism Jacobson et al., 1971; Mortimer et al. 1999
Cu/ Mo 24.222 Belirtilmemis Stimulation Mortimer et al. 1999
Cu/ Zn 1.298 — - Jacobson et al., 1971; Mortimer et al. 1999
K/ Mg 11.702 — Antagonism Jacobson et al., 1971
Mn/ Fe 0.029 — Antagonism Jacobson et al., 1971; Mortimer et al. 1999
Mn/ Mg 0.002 — Jacobson et al., 1971; Mortimer et al. 1999
—

Zn/ Fe 0.202 Antagonism Jacobson et al., 1971; Mortimer et al. 1999

* "Direction of interaction of minerals" reported by Jacobson et al. (1971)
** "Mode of interaction of minerals" reported by Georgievskii (1982)

There are also close relationships between minerals in terms of the use of minerals by
animals (Okuyan, 1997). Based on this, according to the literature (Jacobson et al., 1971;
Mortimer et al. 1999) the proportional relationships of minerals to each other were presented in
Table 7. The direction of interaction (Jacobson et al., 1971) is indicated by arrows, and the
mode of interaction (Georgievskii, 1982) was added to the same table.

Discussion and Conclusion

Macro minerals

Ca: According to the results of a study conducted by Hagawane et al. (2009), the
mean Ca values of lactated healthy buffaloes was found to be as 11.214+0.19 mg/dl. In a study
conducted by Chhabra et al. (2015) on buffaloes, the Ca values of blood plasma in summer and
winter months were measured as 8.92+0.26 mg/dl and 9.74+0.30 mg/dl, respectively. In a study
investigating the effect of season on blood minerals in Iragi buffaloes (Kadhim and Al-Dulaimi,
2015), the Ca values were recorded in autumn, winter, spring and summer were reported as
2.39, 2.41, 2.22, 2.51 mmol/L, respectively. According to the results of a study conducted by
Runa et al. (2022) on Murrah buffaloes, the average blood Ca values of male and female young
calves was 8.78+0.57 mg/dl; The Ca level of male animals was determined as 8.30+0.30 mg/dl.
In this study, it was determined that the mean blood Ca value of the buffalo calves used lower
than the values reported in the aforementioned literatures.

K: Khadjeh et al. (2005) found the serum K level of Iranian Khuzestan male
buffaloes to be as 5.35+0.98 mmol/L. Souza et al. (2019) determined the blood K level as
4.89+0.46 mmol/L on the 30" day after birth in buffaloes with multiple births. According to the
results of a study conducted by Runa et al. (2022) on Murrah buffaloes, the mean blood K
values of male and female young buffalo calves was 5.23+0.08 mmol/L; the K level of male
animals was determined as 5.25+0.12 mmol/L. In this study, it was determined that the mean
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blood K value of the buffalo calves used lower than the values reported in the aforementioned
literatures.

Mg: Hagawane et al. (2009) determined the blood Mg level of lactating buffaloes
raised in the city of Parbhani as 3.50+0.17 mg/dl. According to Shoushtari et al. (2014), blood
Mg levels of female water buffaloes was 4.27+0.21 mg/dl before puberty and 5.71+0.48 mg/dl
at estrus. Dhamsaniya et al. (2016) reported the serum Mg level of the control group as
3.57+0.12 mg/dl in Surti buffaloes. In this study, it was determined that the mean blood Mg
value of the buffalo calves used lower than the values reported in all the literatures.

Micro minerals

Al:  As aresult of the study conducted by Gaafar (2008) in Egypt, it was stated that
the plasma Al average of buffaloes was 25.30 ug/100 ml, while the plasma Al average of cattle
was 20.61 pg/100 ml. It was determined that the mean blood Al value of the buffalo calves used
in this study considerably higher than the values reported by Gaafar (2008) about both buffaloes
and cattles.

As:  According to Khan et al. (2020), average As levels in Niliravi buffaloes were
between 0.023-0.069 mg/L in winter; it ranged between 0.020-0.064 mg/L in summer. Puis
(1981) reported that the toxic limit for As in buffaloes was 1 ppm. Mean blood As value of
buffalo calves used in this study were determined by Khan et al. (2020) was slightly higher than
the value reported. However, it was found to be well below the toxic limit reported by Puis
(1981).

Ba:  According to Luna et al. (2019), the plasma value of the cattle whose Ba levels
were investigated in the blood as 13.6+1.05 ng/L, while the serum value was 13.5+1.20 pg/L.
Hussein et al. (2022) determined the lactating serum Ba level as 16 pg/L. In this study, it was
determined that the mean blood Ba value of the buffalo calves used higher than the values of
the cattle reported in the aforementioned literatures.

Co: Khan et al. (2018) reported the mean plasma Co of buffaloes with potentially
toxic metal accumulations in the blood as 0.19-0.21 mg/L. Dhamsaniya et al. (2016) measured
the serum Co level of the control group as 1.52+0.04 mg/dl in Surti buffaloes. Mc Dowell
(2003) reported the critical level for Co as 0.25 mg/L. In this study, it was determined that the
mean blood Co value of the buffalo calves used considerably lower than the values reported in
the aforementioned literatures.

Cu: The blood Cu content of lactating buffaloes was determined as 1.21 mg/kg by
Sharma and Prasad (1982). Yadav et al. (1998) reported that the average Cu content of the blood
serum of buffaloes in the Rewari region as 0.47 mg/kg. According to the results of the study
conducted by Mandal et al. (1996) on dairy buffaloes in Mohindergarh, the average Cu content
of the blood serum was 0.67 mg/kg. Gaafar (2008) stated that the average plasma Cu as 112.30
ug/100 ml in the study conducted on buffaloes in Egypt. In a study conducted by Kadhim and
Al-Dulaimi (2015), the Cu values of Iragi buffaloes recorded in autumn, winter, spring and
summer were reported as 68.63£11.35 mmol/L, 67+£72.69 mmol/L, 64.15+5.22 mmol/L and
54.56+2.68 mmol/L, respectively. In the study conducted by Chhabra et al. (2015) on buffaloes,
the Cu values of blood plasma in summer and winter months were measured as 12.68+0.35
umol/L and 12.68+1.45 umol/L, respectively. It was determined that the mean blood Cu value
of the buffalo calves used in this study significantly lower than the values reported by Sharma
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and Prasad (1982), Mandal et al. (1996) Yadav et al. (1998) and Kadhim and Al-Dulaimi
(2015), but higher than the values reported by Gaafar (2008) and Chhabra et al. (2015).

Cr:  According to Luna et al. (2019), the plasma value of the cattle whose
investigated Cr levels in blood was 5.72+0.49 pg/L, while the serum value as 5.06+0.44 pg/L.
Hussein et al. (2022) found the serum Cr level in lactating cows to be as 83 pg/L. In this study,
it was determined that the mean blood Cr value of the buffalo calves used considerably higher
than the values of the cattle reported in the aforementioned literatures.

Fe: In a study conducted by Georgievskii et al. (1982), it was reported that the
average serum Fe level of buffaloes fed with feed and roughage with very high Fe content
varied between 1.1-2.5 ppm. Sharma et al., (1991) found that the serum Fe levels of animals
fed Fe content under different mineral levels as 1.47, 1.64 and 1.69 mg/kg. In the study
conducted by Chhabra et al. (2015) on buffaloes, the Fe values of blood plasma in summer and
winter months were measured as 47.53+2.07 pmol/L and 51.93+5.92 pumol/L, respectively. In
this study, it was determined that the mean blood Fe value of the buffalo calves used lower than
the values reported in the literatures.

Mn: Sharma et al. (1991) observed that the serum Mn content of animals treated at
different mineral levels as 0.59 and 0.65 mg/kg. In the study conducted by Chhabra et al. (2015)
on buffaloes, the Mn values of blood plasma in summer and winter months were measured as
0.82+0.04 pmol/L and 0.80+0.09 pmol/L, respectively. According to the results of a study
conducted by Runa et al. (2022) on Murrah buffaloes, the mean blood Mg values of male and
female young buffalo calves was 2.04+0.04 mEq/L while the Mg level of male animals was
determined as 2.03+0.06 mEq/L. The mean blood Mn value of the buffalo calves used in this
study was significantly lower than the values reported by Sharma et al. (1991) while higher
than the values reported by Chhabra et al. (2015) and Runa et al. (2022).

Mo: According to Khan et al. (2020), the average Mo levels in buffaloes were
between 2.61 mg/L and 2.70 mg/L in winter while it ranged between 1.82 mg/L and 2.26 mg/L
in summer. Clawson et al. (1972) reported the toxic level of Mo in buffaloes as 5 ppm. In this
study, it was determined that the mean blood Mo value of the buffalo calves used considerably
lower than the values reported in the aforementioned literatures.

Se:  Khanetal. (2018) measured the Se level of buffalo plasma as 0.02 mg/kg in their
study in Jhang. According to Khan et al. (2020), the average Se levels in all buffaloes were
between 0.017 and 0.028 mg/L in winter while it ranged from 0.012 to 0.024 mg/L in summer.
Mc Dowell (1997) reported that the critical limit for serum Se concentration as 0.03 mg/L. In
this study, it was determined that the mean blood Se value of the buffalo calves used higher
than the values reported in the literatures.

Sr: According to Luna et al. (2019), the plasma value of the cattle whose Sr levels
was 118+5 pg/L, while the serum value measured as 1175 pg/L. In this study, it was
determined that the mean blood Sr value of the buffalo calves used lower than the values of the
cattle reported in the literature.

Ti:  According to the results of a study conducted by Sarmiento-Gonzalez et al.
(2009), in which Ti levels in the organs and blood of rats were investigated, the blood Ti level
was determined as 2.36+0.48 ng/g. It was determined that the mean blood Ti value of the buffalo
calves used in this study was significantly higher than the value of rats reported in the literature.
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V: Cornelis et al. (1981) stated that the normal level of V in the blood serum should
be in the range of 0.016-0.939 ng/ml, and if it is above 1.0 ng/ml, it is likely that exposure to V
is possible. In a study examining the effects of inorganic vanadium supplementation on
antioxidant enzymes, immune status and hemato-biochemical properties of growing hybrid
calves, blood V level of male Karan Fries calves (Tharparkar x Holstein Friesian) was reported
as 0.97 mg/kg by Pal et al. (2018). Mean blood V value of the buffalo calves used in this study
were within the physiological limits reported by Cornelis et al. (1981), while it was found to be
considerably lower than the calf value reported by Pal et al. (2018).

Zn: Yadav et al. (1998) reported that the mean serum Zn content of buffaloes raised
in the Rewari region was 2.76 mg/kg. As reported by Mandal et al. (1996), the average Zn
content in blood serum in Milch buffaloes in Mohindergarh district was 2.80 mg/kg (Baloda
and Promila, 2018). In the study conducted by Chhabra et al. (2015) on buffaloes, the Zn values
of blood plasma in summer and winter months were measured as 10.90+0.45 pumol/l and
22.20+2.53 umol/L, respectively. According to the results of a study conducted by Runa et al.
(2022) on Murrah buffaloes, the mean blood Zn value of male and female young buffalo calves
was 115.45+£3.88 mg/dl while the Zn level of male animals was determined as 116.74+5.85
mg/dl. The blood Zn values of the buffalo calves used in this study was considerably lower than
the values reported by Yadav et al. (1998) and Baloda and Promila (2018) while it was
determined that it was considerably higher than the value reported by Runa et al. (2022).

Of the analyzed minerals, correlation between As-Cu, Ba-Mn, Ca-Co, Co-Fe, Mo-Se,
Se-Zn were positive at p<0.05 level while corelation between Ba-Mo, Ba-V, Ba-Zn, Ca-Zn,
Mn-Ti were negative at p<0.05 level. Also, a positive correlation was found between As-K, Co-
Mg and Co-Mo at p<0.01 level. Additionally, the correlations between Ca-Zn, with a
proportional value of 261.286, and Co-Fe, with a proportional value of 0.667, supported the
antagonistic effect reported by Georgievskii (1982).

The most common way for heavy metals to enter metabolism is drinking water. Heavy
metals taken into the body through inhalation can also cause diseases, especially in the lungs,
liver and kidneys (Ayaz and Yurttagiil, 2012). This situation in living things causes similar
symptoms. However, it was clearly seen in the literature review that there are not many studies
on heavy metal levels to be used to evaluate the situation in buffaloes. There is very little
literature on blood levels of Al, Ti and V, especially in buffaloes. For this reason, there is a
need for comprehensive mineral studies, especially Al, Ti and V, in which comparisons will be
made with buffaloes and cattle and thus species-specific reference values will be revealed.
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“Times New Roman” Fontunda 10 Punto Olacak Sekilde Yazilmalidir. Calismanizi en iyi sekilde
tanimlayacak 4-6 anahtar kelime alt alta olacak sekilde eklenmelidir.

Giris (Introduction)

Okuyucuyu konuya hazirlayici nitelikli bilgileri icermelidir. Metin iginde paragraftan 6nce ve sonra
bosluk eklenmemis oldugunu “Satir ve Paragraf Aralig1” diizenleyicisi ile “Satir Aralig1 Se¢enekleri”
béliimiinden “Aralik” kisminda “Once” ve “Sonra” degetlerinin sifir (0) oldugunu gérerek kontrol
ediniz. “Giris” baslig1 ile metin arasinda bir bosluk ekleyiniz ve bu baslik altindaki metin igerisindeki

her paragraf basinda bir tab (1.25 cm) bosluk birakarak metni ekleyiniz.

Materyal ve Yontem (“Materials and Methods™)
Bu kisimda, In vivo calismalar i¢in calismanin etik kurul onay belgesinin say1 ve tarihi verilmelidir.

Materyalde iizerinde c¢alisilan malzemeler, objeler, ¢alisma alani, zaman ve sinirhiliklardan
bahsedilmelidir. Materyal ile ilgili tablo, sekil vb. bilgiler bu boliimde yer almalidir.

Yontem ise arastirmanin amacina ulagsmasinda kullanilan teknik ya da tekniklerdir. Kullanilan
yontem(ler) yeni ise agik ve anlasilir bir sekilde ayrintili olarak verilmelidir. Eger kullanilan yontem
bilinen bir yontem ise, sadece kaynak gosterilerek adinin verilmesi yeterlidir.

Materyal ve yontem alt bashg (istege bagh) (Subtitle (optional)

Bu boliimiinde alt baslik altinda bilgi verilmesi durumunda alt baslik, “Times New Roman” fontunda,
12 punto, kalin ve italik olarak yazilmalidir. Alt baghigin ilk kelimesinin ilk harfi biiyiik, geri kalan
kismu kiigtik harflerle yazilmalidir. Alt basliklardan sonra bosluk birakilmamalidir.

Calisma metni icerisinde denklem yer alacak ise bunlar kenarliklar gizlenmis tek satirlik bir tablo
icerisinde iki hiicre ile verilmelidir. Sol hiicreye denklem eklenmeli ve bu hiicre ortali olmalidir. Sag
hiicrede ise denklem numarasi yer almali ve bu hiicre sadece denklem numarasinin sigacagi
biiyiikliikte, saga dayali olmalidir. Denklem ifadelerinden 6nceki ve sonraki paragraflar arasinda birer
satir bosluk olmalidir.

Bulgular (Results)

Bu kisimda elde edilen bulgulari igermeli, sekil ve tablolarda da desteklenmelidir. Bulgular kisminda
kaynak gosterilmemelidir.

Tablo disinda kalan fotograf, resim ¢izim ve grafiklerin hepsi “Sekil” olarak verilmelidir. Resim,
sekil ve grafikler net ve ofset baski teknigine uygun olmalidir. Her tablo ve sekle metin iginde atif
yapilmali, sekil ve tablolar yazim alani i¢inde olmalidir. Tiim tablo ve sekiller makale boyunca sirayla
numaralandirtimalidir (Tablo 1, Sekil 1 gibi). Tablo ve sekil basliklar1 ve agiklamalar1 kisa ve 6z



olmalidir. Tiirkce sunulan makalelerdeki Tablo ve Sekil basliklarinin Ingilizceleri de italik olarak
Tiirkge basliklar1 altinda verilmelidir.

Numaralandirma ve agiklama kisimlarinda metin “Times New Roman” formatinda 12 punto olarak
yazilmali ve gorsel ile agiklama satir1 arasinda bosluk olmamalidir. Gorsel ile 6nceki ve sonraki
paragraflar aralarinda birer satir bosluk olmalidir. Gorsel igerisindeki veriler okunakli olmalidir. Eger
calismaniz1 Ingilizce olarak sunmak istiyorsamiz liitfen isimlendirmeleri sekil, grafik ve resim icin
“figure”, harita i¢in “map” olarak degistirdiginizden emin olunuz.

Tablo, sekil, grafik ve resim numaralandirmalar1 ile ayn1 metin o6zelliklerinde olmalidir. Sekil
basliklarindan 6nce ve tablo bagliklarindan sonra 6nk bosluk birakilmali, Tablo ve sekil basliklari bir
satirdan fazla ise tek satir araligi yazilmali ve asili (2cm) olarak ayarlanmalidir. Tablo
numaralandirilmasi ve agiklamasi; tablonun istiinde olmali, tablodan once ve sonraki paragraflar
arasinda birer satir bosluk birakilmalidir.

Tablo dikey ¢izgi kullanilmamalidir. Tabloda kullanilan ilk ve son yatay ¢izgiler 11/2 nk, ara yatay
cizgiler 1/2nk kalinlikta olmalidir. Tablo igindeki metin okunakli olmalidir (8-12 punto
kullanilabilir).

Tartisma ve Sonug¢ (Discussion and Conclusion)

Bu kisimda, ¢aligsmada elde edilen bulgularin nedenselligi ilgili bilimsel kanitlarla tartisilir. Nedenler
ve elde edilen bulgular detayli sekilde yorumlanir. Bu boliimde elde edilen bulgularin tekrari
yaptlmamalidir. Ayrica, c¢alismasindan elde edilen sonuglarin literatiire katkisi, g¢alismanin
eksiklikleri ile oneriler de yer alabilir. Yazarin istegine bagl: olarak bu boliim “Bulgular” kismi ile
birlestirilmesi tercih edilirse “Bulgular ve Tartisma”, ayrica “Sonug” kismi1 makaleye eklenmelidir.
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