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1. GIRiS

Keci; beslenme davraniglariyla, farkli beslenme kosullarina
adaptasyon yetenegiyle, engebeli arazilere uygun olan yapisal 6zellikle-
riyle, olumsuz ¢evre sartlarina dayanikliligiyla, kaba yemleri ve seliillozu
sindirebilme yeteneklerine sahip bir ruminanttir. Bu yiizden iklim, arazi
ve mera sartlarinin elverisgsiz oldugu bolgelerde koyun ve sigirlardan daha
fazla kegi yetistiriciligi yapilmakta ve iistelik cogu yerlerde bulundugu is-
letmede tek hayvan tiirii olarak keci yetistirilebilmektedir. Keciler yal¢in
yamaglara rahatlikla tirmanabilen, keskin yamaglar ve ugurum kenarlarin-
da dolagmaktan ¢ekinmeyen bir hayvan tiiriidiir. Bundan dolay1 gegilmesi
zor olan gegitlere kegiyolu denmektedir. Evcil kegi tiirlerinden et, siit, deri
ve tiftigi icin beslenilen, ayn1 zamanda giibresi de kullanilabilen bir tiirdiir.
Giliniimiiz diinyasinda farkli iklim ve cografi sartlarina sahip tiim bolge ve
iilkelerde kegi yetistiriciligi yapilabilmektedir (Aydin, 1999).

Kegi eti dncelikle Orta ve Dogu Avrupa iilkeleriyle beraber Orta Ame-
rika ile Gliney Amerika ve Asya kitasinin ¢ogunlukla kirsal kesimlerinde
yasayan insanlarin vazgeg¢ilmez bir protein kaynagidir. Bu yiizden et tireti-
mi agisindan 6nemli bir yer tutmaktadir (Mahpoub ve Lu, 1988. Giiney ve
ark., 1990. Devandra, 1981).

Tiftik kegisinde basta tiftik verimi olmak iizere et, siit ve d6l verimleri
kalitesi iizerinde yapilacak g¢aligmalar, iireticilerin hayvanlardan daha fazla
verim ve randiman almasinda énemli bir rol oynamaktadir.

2. TIFTIK KECiSi TARIHCESI

Kegilerin milattan dnce 9000 ile 6000 yillarinda evcillestirildigi
ongiiriilmektedir (Ozcan 1989). Capra aegagrus hircus dedigimiz evcil
ke¢i, Bovidae familyasinin Caprinae alt familyasindan Capra aegagrus
hircus alt tiirlinii olusturan ¢ift tirnaklilara verilen isimdir. Evcil kegi-
ler, Avrupa’nin dogusunda ve Orta Dogu’da yasamlarini siirdiiren ve in-
sanlar tarafindan yaban keg¢isinin ilk evcillestirildigi hayvanlardan biridir
(Oklahoma State University Board of Regents, 2008). 300°e yakin farkli
tiirde keci 1rki bulunmaktadir (Hirst, 2008). Bu tiirlerden biri olan Ankara
(Tiftik) kecisi, Ankara’ya 6zgii bir keci rkidir. Tiftik kegilerinin atalari
13. ylizy1lda Orta Asya bolgesinden Anadolu topraklarma go¢ eden Tiirk-
ler tarafindan, Hazar Denizi’nin dogu kismindan getirilmistir (Wayback,
2008). Orta Anadolu’nun iklim sartlarina zamanla adaptasyon saglamis ve
tilkemize ve Ankara ilimize has bir kegi tiirli olmustur (AnkaraKegisi.com,
2015).

Tiftik kecisi 1930°da totalde 61 ilde Tiftik kegisi yetistiriciligi yapilir-
ken 2000 y1linda bu say1 bu say1 26’ya, 2010 yilinda 22 ilde ve simdilerde
ise 18 ile kadar gerilemistir. Tiirkiye’de 1930°da totalde 2 839 973 adet
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Tiftik kecisi sayis1 2000 yilinda 373 000 basa gerilemis olup giliniimiizde
bu say1 212 516 bastir (www.tuik.gov.tr, 2023).

Ulkemiz haricinde gesitli iilkelerde yetistiriciligi yapilmaktadir. Bun-
lardan ABD, Giiney Afrika, Yeni Zelanda, Kanada, Arjantin, Rusya ve Bre-
zilya gibi iilkelerde varligin siirdiirmektedir (Wayback, 2008). Cogu iilke-
de mohair diye isimlendirilen tiftik, diinyaya iilkemizden yayilan Ankara
Kegcisi’nin bir {irliniidiir ve genel olarak diinyada ‘The Angora Goat’ sek-
linde taninmaktadir. Kegi yetistirme eskilerden beri lilkemiz insani i¢in ol-
dukea dnemlidir. Ke¢i; Anadolu insaninin beslenmesi, giyinmesi, barinma-
s1 ve diger benzeri konularda ekonomik artilartyla birlikte manevi anlamda
Oonem tagimaktadir (Kaymake1 ve Askin, 1997). Orta Anadolu’nun cograf-
ya ve iklimine adaptasyon saglamis ve ekonomik gelir saglayan seckin bir
tiir olmustur. 1939’a kadar yalniz Orta Anadolu Bolgesi>nde, 6zellikle An-
kara ve ¢evresindeki illerde ekonomik bir unsur olan Ankara Kegisi, baska
zaman dilimlerinde bu bolgelerden dis iilkelere gonderilerek, yetistiriciligi
yapilan her yerde asil ismini korumustur. (www.kulturportali.gov.tr, 2023).

Hem dis hem i¢ piyasa pazarlarinda 15. yilizyildan itibaren ragbet go-
ren ve iilkemizde tiftige bagli gelisen bir dokuma sanayi ile birlikte tiftik
ipliginden ve tiftikten ortaya ¢ikan kumaglar nemli bir ekonomik canlilik
kazandirmistir. Baglica olarak Engiirii Sofu dedigimiz katisiksiz tiftik ip-
ligi 16 ile 18. yiizyillar arasinda énemli 6lgiide cesitli Avrupa lilkelerinde
satilmistir. Ancak 18. yiizyilin ortalarinda tiftik ipliginden Ingiltere’nin
dokuma sanayisinde ilerle kaydetmesi iizerine iilkemizdeki tekstil sanayi
ekonomisinin diigmesine neden olmustur. Ancak 19. yilizyilda iilkemizde
tiftik ipligi yerine ham tiftik satilmaya baslanilmis ve ekonomik bazda bir
stire daha ekonomik canlilik devam etmistir. Ancak 19. yiizyil sonrasinda
tilkemiz digina Tiftik kegisinin ¢ikarilmasiyla ve Giiney Afrika ile ABD
gibi iilkelerde yetistirilmeye baslanmasiyla Ankara ilimizin tiftik tiretimi
bitmistir. (www.ankaratb.org.tr, 2023).

Giliney Afrika’da Tiftik kecisi ilk olarak 1836 senesinde Henderson
araciligiyla tilkemizden gotiiriilen 13 adet Tiftik kegisi ile baslamistir.
ABD ise Ankara kegisi yetistiriciligine 1849 senesinde Dr. James Davis’e
ABD Bagkani adina gonderilen 9 adet keci ile baglamistir. (Tamur ve Er-
man, 2003).

Osmanli Devleti’nin son dénemlerinde, Tiftik kegisi yetistiriciligi ile
elde edilen tiftigin 6nemi anlasilmis, {iretiminin ve sanayisinin gelistiril-
mesi konusunda girisimlerde bulunulmustur. Bundan dolay1 1881°de do-
nemin padigahi II. Abdiilhamid’in fermaniyla Tiftik keg¢isinin yurt disina
gonderilmesi ortadan kaldirilmistir. Buna ragmen 1911 senesinde iilkemi-
zin diinyadaki Ankara Tiftik ke¢isi popiilasyonu % 38’e kadar geriye git-
mistir (Tamur ve Erman, 2003).
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3. TIFTIK KECISININ GENEL OZELLIiKLERI

3.1. Tiftik Kecilerinin Morfolojik Ozellikleri

Tiftik kegileri clisse olarak ufak yapilidirlar. Anadolu’da yetistirilen
Tiftik kegileri genellikle boynuzlu olmaktadir. Erkeklerin boynuz yapisi
disilere oranla daha uzun ve daha iyi gelismistir. Yine erkek Tiftik kegi-
lerinde basin yandan goriiniisii digbiikey, disilerde ise i¢biikeydir. Kulak-
lar gogunlukla uzun ve sarkik olarak goriilmektedir. (Kaymake1 ve Askin,
1997. Sengonca, 1989). Memelerin morfolojik yapisi disi kecilerde me-
melerin viicuda baglantisi lamina laterales ve lamina mediales ile asili ol-
mas1 ve geng veya hi¢ sagilmamig bilylime evresine yeni girmis kegilerde
memenin sekli silindirik, yasl ve ¢ok siitlii olan kegilerde konik bigimde
bulunmaktadir. (Ozcan, 2000).

Tablo 3.1.1. Renkli Tiftik kegilerin 2. ve 3. yasindaki ¢esitli verim ozelliklerinin
ortalama degerleri (Yertiirk ve Odabasioglu, 2007)

Ozellik 2 Yash (X+S R 3 Yash (X+S R
Canli agirlik (kg) 25.67+0.43 26.14+0.52
Tiftik verimi (g) 520+0.02 710+0.05
Cidago ytiksekligi (cm) 55.05+0.39 56.02+0.40
Beden uzunlugu (cm) 63.60+0.38 66.37+0.37
Gogls gevresi (cm) 79.40+0.64 82.68+0.68
Gogiis derinligi(cm) 26.86+0.28 28.29+0.31
Giinliik siit verimi (g) 434.8+22.84 450.05+25.49
Laktasyon siiresi (giin) 170+£3.51 180.73+1.56
Gebelik orani (%) 73.90 84.10
Dogum orani (%) 67.39 77.27
Dogumdaki oglak sayist 1.06 1.09
Ikizlik orani (%) 6.45 8.82
Oglaklarinin yasama giicii (%) 81.82 89.19
Tiftik randiman1 % 78.55 78.40

Siirt ilinde ve gevre illerde yetistirilen Tiftik 1rki1 kegilerinin saf ye-
tistirme, melezleme ve seleksiyon etkileriyle degisik renkler olan beyaz,
kahverengi, siyah, deve tiiyii, sar1, kirmizi ve gri renklerde goriilmektedir
(www.esk.gov.tr 2023). Ama renk bakimindan ¢ogunlukla Anadolu’da bu-
lunan Tiftik kegileri 6zellikle beyaz tiftik rengindedirler. Viicudun belli
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bolgelerinde (yiiz kismi, ayak kismi ve kulak kisimlarinda) renk bulunabil-
mektedir. (Yertiirk ve Odabasioglu, 1998).

3.2. Tiftik Verimi ve Ozellikleri

Tiftik kecilerinin en onemli verimleri tiftik denilen elyafidir. Tiftik
kegisinde tiftik yapis1 deri igerisinde folikiil ya da kil yatag1 denilen bi-
rimlerin killar1 olusturmasiyla sekillenmektedir. Killarin sekillendigi deri
tabakasinda olusan tabakalar; epidermis (kutikula, pul), corium (korteks)
ve subcutis olarak {i¢ tabakadan sekillenmektedir. Tiftik kecilerinde bakim
ve beslemeye bagli olarak killarda ki biiyiimeler ve uzamalar devamlidir.

Tiftik kecileri bir step (bozkir) hayvani olmakla beraber nispeten yiik-
sek bolgelerde, ortalama 800 metreden daha {ist rakimlarda, yagisin az
ve kuru oldugu bolgelerde yetistirilebilmektedir (www.tiftikbirlik.com.tr,
2017). Bu ylizden tiftigin iiretim miktarlar1 ve alanlar1 olduk¢a sinirlidir
olmaktadir. Diinyanin tiftik {iretiminin neredeyse tamamina yakin bir bo-
liimii, Giiney Afrika Cumhuriyeti ve ABD; diger bir bdliimii ise Tiirkiye,
Avustralya, Arjantin, Yeni Zelanda ve Lesoto gibi iilkeler araciligiyla sag-
lanilmaktadir. Tiftik kegisi yetistiriciligi, Gliney Afrika’ya 1800’lerin or-
tasinda Anadolu’dan gotiiriilen az sayida kegci ile baslayip, kisa bir zaman
icerisinde {ilke kirsalinda ¢okga yetistirilmeye baslanmistir. Bu sebeple
siire¢ icerisinde Tiftik kecisinin 1irkinin verimleri ve tiftiginin kalitesi ola-
rak Tiirkiye’nin Oniine ge¢ilmis ve diinya piyasalarina hakim olmuslardir
(Chain, 2014).

Tablo 3.2.1. Diinya Tiftik Uretimi, (bin ton) (Review, 2000-2013)

. L YENI
YIL f;lif{YA TU;;G' ABD Al;JigN' ZELAN- L],EFZO' DIGER Eg;;
DA
2000 43 0,4 1 0,3 0,2 0,5 0 6,6
2001 42 0,3 0,8 0,3 0,2 0,5 0,3 6,5
2002 42 0,3 0,8 0,3 0,1 0,5 0,3 6,3
2003 4 0,3 0,9 0,3 0,2 0,5 03 6,3
2004 3,7 0,2 0,85 0,3 0,2 0,5 0,2 5.8
2005| 3.6 0,3 0,8 0,3 0,2 0,6 0,3 6,0
2006| 3.4 0,3 0,8 0,4 0,1 0,75 0,2 59
2007 3 0,35 0,55 0,45 0,1 0,75 0,2 5.4
2008 2,9 0,35 0,5 0,45 0,05 0,75 0,1 5.1
2009| 2,6 0,3 0,5 0,7 0,1 0,75 0,2 5.1
2010 2,3 0,17 0,48 0,7 0,05 0,75 0,2 4,62
2011 2,23 0,15 0,35 0,7 0,04 0,75 0,2 3,91
2012 2,32 0,19 0,21 0,6 0,05 0,77 0,3 4,44




6 - Firat CACA, Miirsel KUCUK

[203] 240 [ 026 foas| o5 [ o003 [ os0o | 02 [ 433 |

Ulkeler itibariyle 2000-2013 yillar1 aras1 diinya tiftik iiretimi Mohair
Review’den alinan verilerle Tablo 3.2.1.”de gosterilmistir.

Tiftik kecilerinin viicutlarindaki tiftik renkleri; beyaz, siyah, gri, agik
kirmizi, kahverengi, devetiiylli ve sar1 renklerden olusabilmektedir. Ayni
zamanda ince, kiviimli ve parlak o6zelliklere sahiptirler. Kegilerde ki tif-
tik ortiisii, yliz ve bacak kisimlari haricinde biitlin viicudu kaplamaktadir.
(Yertiirk ve Odabasioglu, 2007). Tiftik kegilerinin en 6nemli verimleri tif-
tik denilen elyafidir. Diinyadaki ke¢i irklar1 arasindan en iyi 6zellikte elyaf
iireten rklar arasinda Tiftik kecisi mevcuttur. Tiirkiye’de Tiftik kecilerinin
kirkim zamanlari ilkbaharda, belirli diinya tilkelerinde ise (Afrika, ABD ve
Avusturalya) hem ilkbahar hem de sonbaharda kirkimi yapilmakta ve tiftik
elde edilmektedir. Miktar olarak tiftik verimleri erkeklerde 4-6 kilogram
kadar, disilerde ise 3-4 kilogram kadar alinabilmektedir. (www.esk.gov.
tr/tr, 2023). Tiftik kegilerinde ki tiftik elyafi uzun, ince, parlak ve kiviiml
olmakla birlikte, uzunluk ve incelik derecelerinin artislar1 istenilen 6zel-
liklerdir. Tiftikte kalinligi 100 mikrondan daha biiyiik olan kemp killar
(6lt killar) olabilmektedir ve ekonomik olarak istenmezler. Hayvanlar-
da ki bakim ve beslemedeki yetersizliklerden dolayi killarin biiytimesinde
eksiklikler ve killarin yapisinda anormallikler sekillenebilmektedir. Yapisi
geregi tiftik; yiiksek yalitimli, 1s1ya ve ¢ekmeye dayanikli, esneyen, parlak
goriinlimlii, nem tutabilen, rahatlikla boyanabilir, hatta astronotlarin giy-
dikleri elbiselerin yapiminda kullanilan diizgiin ve kaygan yapiya sahip
ve zararli glines 1gmlarimi gegirmeyen bir lif 6zelligine sahip bir iirtindiir.
(Kaymakg1 ve Askin, 1997. Sengonca, 1989. Devendra, 1982. Tepelli ve
Cetin, 1993).

Sekil 3.2.1. Renkli Tiftik kegisi (Ca¢a 2023)
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Tiftigin elde edilmesinde hayvanin yasi, genetik 6zellikleri gibi etki-
ler tiftik kalitesini agia ¢ikaran baslica 6zelliklerdendir ve tiftigin kalitesi
bakimindan 6nemlidir. Baslica kriterler ¢ercevesinde tiftigin kalitesi an-
lasilmaktadir. Bunlar; incelik, uzunluk, parlaklik, kivrim sikligi, dayanik-
lilik, esneklik gibi dzelliklerdir. (Atay ve Oktem 2006). Tiftigin inceligi
bakimindan geng kegilerin lifleri daha inceyken, yasli hayvanlarda artan
yasla birlikte lifler kalinlasmakta ve kalitesi diismektedir (Harmancioglu,
1974). Tiftik kegilerinde tiftigin inceligi agisindan yasin ve cinsiyetin et-
kileri vardir. Incelik ve liile uzunlugu bakimindan 1rk, yas, bakim-besleme
sekli, mevsim ve kirkim sayis1 gibi faktorlerde etkilidir. Tiftigin incelik
oOlciitlerinde 1 yasl kegilerde ortalama 26 - 30 mikron, tekelerde ve anag-
larda 32 - 36 mikron olarak 6l¢iilmiistiir. (Akoz ve Sincer, 1961. Aritiirk ve
ark,. Gee ve Robie, 1973. Miiftiioglu ve Orkiz, 1982. Oztiirk ve Goncagiil,
1993. Utkanlar ve ark., 1961. Yalgin, 1982). Fakat oglaklarin tiftik inceligi
22-23 mikron oldugu ve anag¢ hayvanlarda bu rakam 38-39 mikron olarak
tespit edilen ¢aligmalarda s6z konusudur (Diizgiines ve ark., 1986. Oztiirk
ve Orkiz, 1990).

Sekil 3.2.2. Renkli Tiftik kegisi (Caga 2023)

Tiftigin islendikten sonra olusan {irinlerin kullanimina gore ince
veya kalin gekilde egrilmekte ve son seklini almaktadir. Tiftik dokuma ile
orgii isleri seklinde baglica 2 kullanim sahasina sahiptir. Hem tiftik 6rgii
iiriinleri, hem de tiftigin kumaslarindan dikilen giysilerden kaliteli {iriinler
elde edilmektedir. Yumusak dokulu oluslarina karsin dayanikli olmalari,
i¢ kisimlarina su gecirmemeleri ile birlikte bedeni yazin serin, kiginsa si-
cak tutma 6zelligine sahiptirler. Tiftikten elde edilen 6rgii iiriinleri daha
cok aile arasinda tiretilen ve kullanilan iiriinlerdir. Dokumadan elde edilen
iiriinleri ise daha cok ticari boliimlerdeki iiriinleri kapsamaktadir. Ulke-
mizde tiftik sektorii gereken oranda gelismemis endiistriyel bir sanayi kolu
oldugundan dolay1, elde edilen tiftikler el sanatlar seklinde geleneksel ola-
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rak tiiketilmektedir. Ankara sehrine 16-18. yiizy1l donemlerinde tiftik ve
tiftige dayali tiretimlerden elde edilen Ankara Sofu bu anlamda 6nem arz
etmekteydi. (www.kalkinmakutuphanesi.gov.tr, 2023).

e — e —— —_——c A — T — —— = — —— o ——

Sekil 3.2.3. Geleneksel Siirt battaniyesi (www.kulturportali.gov.tr 2023)

Ornek olarak tiftige dayali iiretimlerden birisi olan Siirt battaniyesi
ozellikle kirsal bolgelerde yasayan insanlarin tercih ettigi bir tiftik tirtinii-
diir (Nakipoglu, 2019).

Sekil 3.2.4. Renkli Tiftik kegisi (Ca¢a 2023)

Tablo 3.2.2. Kegilerin 2. ve 3. yasindaki ¢esitli tiftik verim ézelliklerinin ortalama
degerleri (Yertiirk ve Odabasioglu, 2007)

OZELLIK 2Yash ( X£S ) 3Yash( X£S x)
Tiftik verimi (g) 520+0.02 710+0.05
Tiftik randimani % 78.55 78.40
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Tablo 3.2.3. Kegilerin 2 .yaslarindaki tiftiklerin incelik (1) ve uzunluk (cm)
degerleri (Yertiirk ve Odabasioglu, 2007)

2 Yash incelik 2 Yash uzunluk
Omuz | Kaburga | But Omuz Kaburga | But bolgesi
bolgesi | pigesi bolgesi | biigesi | bolgesi

45 45 45 45 45 45
X 31.60 35.38 34.40 15.88 16.75 14.89
S x 0.71 0.70 0.85 0.31 0.32 0.26

Tablo 3.2.4. Kegilerin 3. yaslarindaki tiftiklerin incelik (1) ve uzunluk (cm)
degerleri (Yertiirk ve Odabasioglu, 2007)

3 Yash incelik 3 Yash uzunluk
O m u z | Kaburga | But bélgesi | Omuz Kaburga|B u t
bolgesi | bolgesi bolgesi bolgesi bolgesi
n 33 33 33 33 33 33
X 43.42 44.00 43.43 16.12 16.32 16.12
S x 1.13 1.30 1.05 0.70 0.67 0.71

3.3. Tiftik Kecilerinde Biiyiime

Biiyiime ve gelisme hiz1 Tiftik kecilerinde yavag ilerlemektedir. Bu
irkin biiylime déneminde erkek keciler dort yasina, disiler de alt1 yasina
kadar siirmektedir (Bilgen ve ark. 2008). Tiftik kecilerinin canli agirlik
olarak disi hayvanlar ortalama 30 ile 40 kilogram, tekelerde ise 40 ile 55
kilogram kadardir (Daskiran ve ark., 2012). Cevre sartlar1 bakimindan Tif-
tik kecileri nemli ve rutubetli ortamlarda yasayamaz. Tiftik kegisi yetisti-
riciliginin yapildig1 bolgeler basta Ankara olarak I¢ Anadolu Bolgesinin
i¢ kisimi ile Ege bolgesinde, Marmara bolgesinde, Karadeniz bolgesinde,
Dogu Anadolu bolgesinde ve Giineydogu Anadolu bolgesinde belirli bir-
kag lokal sahada yapilmaktadir (Orkiz, 1980. Sahin 2013. Sen, 2015).
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Sekil 3.3.1. Renkli Tiftik kegisi (Caga 2023)

Renkli tiftik kegilerinde gesitli verim 6zelliklerinin tespiti amaciyla
yapilan bir ¢aligmada yari entansif sartlarda erkek oglaklarda dogum agir-
lig1 2,24 kg, 90. giinde siitten kesim agirligi 10,51 kg ve 6. aydaki canli
agirliklar 18,40 kg olarak dl¢iilmiistiir. Disi oglaklarda ise dogum agirlig
2,10 ve 90. giinde siitten kesim agirligt 9,23 ve 6. aydaki canli agirliklart
15,20 kg bulmustur. Calismada kullandig1 2 ve 3 yash kegilerin canli agir-
liklarini ise sirayla 25,67 ve 26,14 kg olarak bildirmistir. Renkli tiftik ke-
¢cisi oglaklarinda siit kesimine kadar ki yasama giicii 2 ve 3 yash kegilerin
oglaklarinda sirastyla % 81,82 ve % 89,19 olarak saptanmistir (Yertiirk,
1998).

3.4. Tiftik Kecilerinde Besi Performansi

Tiftik kegileri iilkemize has, kiiciik yapili ve gelisim hiz1 ge¢ olan bir
ik olmasi sebebiyle et verimi diisiiktiir. Bu nedenle et verimi konusun-
da yapilan ¢alismalar1 da kisithdir (DIE, 1992). Tiftik kegilerinde yiiksek
canli agirliklarina sahip ve ileri yaslarda ki hayvanlarin 1 kg canli agirlik
kazanabilmesi, geng yasta ve disiik canli agirligina sahip hayvanlara gore
daha fazla miktarda yem tiiketmesi gerekmektedir. Fakat geng yasta ve
diisiik canli agirliginda besiye alinan kegiler, genetik kapasitelerince bes-
lendiklerinde daha az miktarda yemle daha yiiksek canli agirligina ulasa-
bilmektedir. Tiftik kegisinin verimlerini; et verimi, karkas agirligi, karkas
randimani ve karkas kalitesi gibi 6zellikler belirlemektedir. Bu 6zellikle-
ri genotip ile birlikte cinsiyet, beslenme sekli, kesim yasi, kesim agirligi,
kondiisyon, kesim dncesi ve kesim sirasinda hayvana yapilan muameleler
gibi faktorler etkilemektedir (Johnston, 1983).

Dagkiran (1992), siitten kesim ¢aginda besiye alinan Tiftik Kegisi er-
kek oglaklarinda, besi bast ve besi sonu agirliklan sira ile 14,453 kg ve
24,060 kg, besi boyunca ortalama giinliik canli agirlik artis1 135,9 gram,
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giinliik yem tiiketimi 0,806 kg ve 1 kg canli agirlik artist i¢in kesif yem
tiiketimi ise 6,069 kg olarak bulmustur.

Tablo 3.4.1. Besiye alinan erkek oglaklarin besi ve karkas ozellikleri (Yertiirk ve

Odabasioglu 2007)

Ozellik X+S x
Oglak kesim agirlig1 (kg) 17.19+1.21
Oglak soguk karkas agirlig1 (kg) 7.04 £0.68
Soguk karkas randimani (%) 40.91 £0.01
Tiiketilen glinliik kesif yem miktar1 (g) 797
Tiiketilen glinliik kaba yem miktari (g) 482
Oglak giinliik canli agirlik artist (g) 54 +2.33
Yemden yararlanma (kg) 9.99
Karkasta et oran1 (%) 61+0.01
Karkasta Kemik orani (%) 22+0.01
Karkasta Yag orani (%) 18+0.01

Sekil 3.4.1. Renkli Tiftik kegisi (Caga 2023)

Koyuncu (1994)., Ankara kegisi X Kil kegisinden olan melez erkek
oglaklarmin entansif sartlarda yetmis giin boyunca devam eden besi prog-
raminda hayvanlarin besi bas1 15,73 gram, besi sonu canli agirliklar1 29,69
gram, besi performansi 6,36 kilogram, giinliik canli agirlik artigi 199 gram
ve yem tiiketimini 1268 gram olarak tespit edilmistir.

Mowlem ve ark. (1985), Ankara kecisi X Ingiliz Saanen kegilerinin
melezlemesi sonucu ortaya ¢ikan yirmi dort haftalik oglaklarin ortalama
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canli agirhigm 25,3 kilogram, ortalama yem tiikketimi 580 gram, ortalama
giinliik canli agirlik artisini ise 94 gram olarak saptamiglardir.

3.5. Tiftik Kecilerinde Siit Verimi

Hayvanlar kendi yavrularimi beslemek amaciyla ilk birkag ay siit sal-
gilarlar. Evcil hayvanlarda diger verimler gibi siit verimlerinde de 1slah
yoluyla zamanla 6nemli deger artislar1 saglanmistir. (Yalgin, 1981. Akca-
pmar, 1994. Antiirk, 1977). Siitiinlin sahip oldugu 6zelliklerinden dolay1
diinyada kegi yetistiriciligine olan ilgi artmistir. Kecilerin siitii, anne siitii-
ne en yakin degerlerde olmasindan &tiirii insan gidasi olarak tiiketilebilme-
sinde farklilik arz eder. Kegi siitiindeki kalsiyum igerik degeri anne siitiine
oranla otuzdort kat daha fazladir. Sigir siitiiniin tiikketiminde bazen ortaya
¢ikan sindirim sistemi gibi sorunlarinin keg¢i siitiinde goriilmemesi birgok
yonden kegi siitiinii ayricalikli hale getirmektedir (C.U., 2018). Kegilerin
stit verimlerine etki eden faktorler; hayvanin irk1 veya genotipi, laktasyon
strasi, sagim sayisi, canli agirligi, bir dogumda oglak sayisi, besleme gibi
etkiler s6z konusudur (S6nmez ve ark., 1971. Sahlu ve ark., 1999. Akca-
pmar, 2007).

Kiictik ve ark. (2015), renkli Tiftik kecilerinin 120 giinliik siire zarfin-
da siit verimini 76,32 kilogram tespit 6l¢miislerdir.

Ankara kegileri oglaklarini beslemek igin genellikle sagilmaz bunun
sebebi ise yillik siit verimlerinin diisiikliigiinden dolayidir. Sagilan kegile-
rin yillik siit verimi oglaklarin emzirdikten sonra 25-35 kg, laktasyon sii-
resi ise 3-3,5 ay kadar oldugu bildirilmektedir (Kaymakg1 ve Askin, 1997.
Sengonca, 1989).

Yertiirk ve Odabasioglu (2007), renkli Tiftik kecilerinin 2 yasindayken
ortalama laktasyon siit verimi 74,81 kilogram ve laktasyon siiresi 170,00
giin iken, 3 yasindaki renkli Tiftik kecilerinde ise ortalama laktasyon siit
verimi 81,50 kg ve laktasyon siiresi 180,73 giin seklinde elde etmislerdir.

3.6. Tiftik Kegcilerinde D6l Verimi ve Ozellikleri

Keci yetistiriciliginde dol verimi, verimliligi ve popiilasyon gele-
cegini etkileyen en Onemli faktorlerinden biridir. Siirii biiytikliigiiniin
devamlilig1, seleksiyon ve ayiklama gibi konularin etkin bir bigimde yapil-
masinda dol veriminin arttirilmasi énem tasimaktadir (Akgapinar, 1994).
Siirii yonetiminden biiyiik ol¢iide etkilenen dol verimi diisiik kalitim dere-
celidir (Samardzija ve ark., 2013). D&l verimi yas, 1rk, cinsiyet, beslenme
ve bakim, iklim, yetistirme kosullar1 ve hayvanlarin refah diizeyleri gibi
cesitli konulara baghdir. Dol veriminde onemli olan ve istenilen durum,
teke alti kegiye veya dogum yapan ke¢i basina dogan oglak sayist ile da-
mizlik i¢in bir kegiden alinabilecek oglak sayisidir. Disi keginin birim
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siirecinde lirettigi yumurta sayisi, gebelik oran1 ve embriyo oliimleri dol
verimini etkileyen faktorlerdir. Geg gelismeleri ve kiigiik ciisseye sahip
olmalar1 bakimindan Tiftik kegileri bu anlamda sifat da ilk kullanma yas1
da ge¢ olmaktadir. Kegilerin yaslar1 ve dol verimi arasinda 6nemli bir ilig-
ki vardir. Tiftik kegilerin gebelik oram1 % 80-83 ve ikizlik oranlar1 % 2-3
civarindadir ve bu baglamda gebelik ve ikizlik oranlan diisiik olmaktadir
(Shelton and Basset, 1970. Yal¢in, 1986).

Renkli Tiftik kegilerinde ¢esitli do1 verimi performansi ve siit kesimi-
ne kadar ki yasama giicii tarafindan yapilan ¢alismada; gebelik, kisirlik,
dogum ve ikizlik orani ile siitten kesimdeki yasama giicii 2 yash kecilerde
strastyla % 73,90; 26,09; 67,39; 4,35 ve 81,82 ile 3 yash kecilerde ise ayn1
sira ile % 84,10; 15,91; 77,27, 6,82 ve 89,19 olarak bulunmustur (Yertiirk,
1998). Tiirkiye’deki arastirma enstitiilerinde yapilan calismalarda ergin
Ankara kegilerinin ikiz dogum, oglaklarin siitten kesim ve 6. aya kadar ki
yasama giiciinii (Giines ve Evrim, 1993), % 11,55; % 99,0 ve %98,16; ikiz
dogum ve siitten kesime kadar yasama giictinii (Aritiirk ve ark., 1979), %
2, % 94,5; (Giines ve ark., 2002) ikizlik oranin1 ortalama % 29,11; (Oztiirk
ve Goncagiil, 1995), 3. ay ve 6. ay yasama giiciinii % 83,61 ve 80,25 olarak
bildirmislerdir.

4. SONUC VE ONERILER

Renkli Tiftik kegileri verimi agisindan kaliteli tiftik verimi ile 6n plan-
dadir. Bazi aragtirma ve gozlemler neticesinde renkli Tiftik kecileri ¢ogun-
lukla Kil kegileri olmak iizere bazi diger keci irklar ile yapilan saf ye-
tistirme, melezlemeler ve seleksiyonlar sonucu tiftiklerinde ki cesitli renk
varyasyonu ile birlikte et, siit, d6l verimi gibi verimlerinde de olumlu de-
gisimler gozlenebilmistir. Bilindigi tizere Tiftik kegisinin en dnemli verimi
tiftik denilen elyafidir. Giiniimiiz tiftik iicretleri ve tiftikten alinabilen kar
marjinaline bakildiginda ihtiyaci karsilama konusunda geride kalmaktadir.
Ancak halk elinde bulunan ve diger belirli verimleri yiiksek keci irklar ile
yapilabilecek saf yetistirmeler, melezlenmeler ve yapilacak seleksiyonlar
ile birlikte bu ke¢i irkinin kaliteli tiftik veriminin yaninda diger 6zellik-
lerinin gelistirilmesi ve yetistiricilerin bu irkin besiciliginin yapilmasinda
daha ¢ok ragbet gorecektir. Bu yiizden ekonomik olarak diger verimlerinin
artis1 da 6nem arz etmektedir.

Cesitli bolgelerde yetistirilen renkli Tiftik kegileri bolgenin cografik
ve iklim 6zelliklerine adapte olabilen bir irk olmasindan 6tiirli rakimi yiik-
sek ve daglik alanlarda yetistiriciligi yapilabilmektedir. Bunun i¢in daha
cok sayida Tiftik keci desteklerinin saglanilmasi ve devlet yardim destek-
lerinin saglanmasiyla birlikte bu 1rkin popiilasyonun artisina tesvik edile-
cektir. Bir mera hayvani olan Tiftik kegisinin beslenme alanlari olan tiftik
kecilerinin zarar vermeyecegi yiiksek ormanlar otlatmaya agilmalidir. Tif-
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tik kegileri icin yapilacak olan 1slah ¢aligmalar1 konularinda gesitli ilgili
birimlerle talepte bulunulmasi ve yetistiricilerin daha ¢ok tesvik edilmesi
gerekmektedir. Milli degere sahip olan Tiftik ke¢i irkinmn varligimi koru-
mak ve ilerletmek hem maddi hem de eskilerden beri manevi degerlere
sahip oldugumuz bu keg¢i irkimiz iilke adina olumlu etkiler saglayacaktir.
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INTRODUCTION

The transition period is often described as the most problematic era
in dairy cows which starts from three weeks before parturition to the third
week of lactation (Grummer 1995; Drackley, 1999; Reynolds et. al., 2002;
Coskun et al. 2009). Feeding standards and ration formulations of dairy
cows have enormous alterations during this period. Along the period, cows
start to consume rations with high cellulose and low energy rates, whereas
they are used to consume low cellulosic and high energetic rations imme-
diately after parturition (Mandebvu et al., 2003). Animals struggle to adapt
to rapid diet changes and they become more vulnerable to metabolic and
infectious diseases during this period. In order to continue their productiv-
ity and to be protected from metabolic diseases, it is inevitable to end this
period without any problems (Overton and Waldron, 2004).

Nutrient requirements of dairy cows during the transition period
change significantly. Thus, there must be perfect coordination in metabo-
lism to adequately meet the energy, glucose, amino acid (AA) and Calcium
(Ca) needs of the milk synthesis after calving (Overton and Waldron, 2004).
The main difficulty for cows in the transition period is the sudden increas-
ing needs for nutrients due to the rapid increase in milk yield after parturi-
tion (Drackley, 1999). During this period, when the last days of pregnancy
and the first days of lactation are compared and the nutritional needs of the
organism are taken into consideration, the requirement for glucose increas-
es approximately 3 times, the requirement for AA increases 2 times, and
the requirement for fatty acids increases 5 times (Bell, 1995). In addition,
the requirement for Ca increases approximately 6-fold at parturition (Horst
etal., 1997). As explained in a study (Drackley, 1999), the energy level that
a cow should consume on the 4th postpartum day increases by 26%, while
the metabolizable protein level increases by 25%. Therefore, cows spend
most of the nutrients taken from their diet to meet milk yield demands, a
very small amount is left to meet their living requirements

In this period, although nutritionists maximize the energy intake of
animals in the diet, it is inadequate, so they turn to practices that regulate
energy in metabolism, improve fat oxidation in the liver, and increase ener-
gy bioavailability in the organism (Overton and Waldron, 2004). This aim
is often tried to be achieved by giving supplemental micronutrients to the
diet (Zenobi et al., 2018). At this point, B vitamins are in a privileged po-
sition. B vitamins, which include exceptional vitamins such as folic acid,
pyridoxine, pantothenic acid, cyanocobalamin, niacin, choline and biotin,
are involved in the synthesis of energy-regulating enzymes in the organism
and directly intervene in energy metabolism (LeBlanc et al., 2017).
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Choline is a component in phospholipid form which is used as a pre-
cursor for phosphatidylcholine and acetylcholine synthesis in the liver;
also, it serves as the methyl donor in fatty acid metabolism. Phosphatidyl-
choline plays a role in the absorption and transport of lipids, cell membra-
ne structure, cell signaling, and the synthesis of lipoproteins in ruminants
(Santos and Lima, 2010). Due to these properties, choline is defined as a
lipotropic element in ruminant nutrition. (Elek et al., 2008). Choline accu-
mulates in the organism as trimethyl-ethanolamine, and in mammals, it is
essential in their diet for the normal functions of cells (Santos and Lima,
2010). Moreover, phosphatidylcholine is a crucially important component
for the durability and replication of cells (Zhang et al., 2007). As the major
porsion of dietary choline is degraded by the rumen bacteria (Weiss and
Gonzalo, 2006); supplying dietary supplamental choline as rumen protec-
ted is highly important for the reasonable benefit of the organism (Elek et
al., 2008).

Niacin is a water-soluble vitamin which is the most widely used as
an additive to dairy cattle rations (McDowell, 2002). Niacin gets involved
in many mechanisms in energy production metabolism and acts in fatty
and amino acid synthesis (Ilkhani et al., 2006). Moreover, examining the
mechanisms that niacin plays a role, it has been reported that it can be
beneficial for protection from diseases like ketosis and fatty liver (Weiss
and Gonzalo, 2006). Niacin is known a water soluble vitamin that effe-
cts lipid metabolism and playing role to decrease lipid accumulation in
liver as choline. Although there are several studies investigating the effects
of niacin on performance and metabolic parameters during the transition
period in dairy cows, no study has been found investigating its effect on
the incidence of peripartal diseases such as retained placenta, mastitis and
metritis. On the other hand, as stated by Weiss and Gonzalo (2006), more
than 90% of niacin is degraded in the rumen or converted into other forms
(Nicotine acid - NA, nicotinamide - NAM). Therefore, it has been asserted
that further studies on the forms of rumen-protected niacin are needed in
order to reveal the effects of Niacin in the organism more explicitly (Weiss
and Gonzalo, 2006).

Biotin is an important co-enzyme that gets into the structures of th-
ree different carboxylase enzymes (acetyl CoA carboxylase, propionyl
carboxylase, and pyruvate carboxylase) (Wal et al., 2023). According to
Milligan et al. (1967), carboxylase enzymes are needed for the synthesis
of propionate from hexose in rumen. By activating these enzymes, biotin
helps protect dairy cows from energy metabolism-related diseases such as
fatty liver or ketosis (McDowell, 2002). Biotin also serves in the keratini-
zation and differentiation of epidermal cells (Budras et al., 1997). Several
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studies report different findings about the degradation levels of dietary bi-
otin in rumen (Evans, 2005).

The incidence of health problems in cows in the transition period inc-
reases significantly with the addition of other stress factors related to partu-
rition and lactation, along with the stress caused by the increased nutritio-
nal needs after birth (Drackley, 1999). Retained placenta, metritis, mastitis
and displaced abomasum are major energy metabolism-related diseases in
the transition period (Mezzetti et al., 2021). These metabolic disorders,
which are very important for dairy cow breeding, cause productivity losses
in animals due to the high treatment costs. However, expensive treatment
practices often fail and lead to cows being culled more soon than expected
(Dagdelen et al., 2022). Therefore, nutritional practices that are beneficial
to prevent these diseases, could help to increase the productive life of dairy
COWS

Oxidative stress is defined as the disruption of the balance betwe-
en prooxidants and antioxidants in favor of prooxidants (Aydogdu et al.,
2018). Oxygen-centered free radicals such as superoxide anion (°027) and
hydroxyl radical (OH®) and some non-radical oxygen derivatives such
as hydrogen peroxide (H202) and hypochlorous acid (HOCI) are reacti-
ve oxygen metabolites that lead to increase oxidative stress (Ciani et al.,
2015). Oxidative stress induces disorders of the physiological functions
in the vital organs and leads to a decrease in the resistance capacity of all
living creatures to diseases (Rizzo et al., 2012) On the other hand, there are
many antioxidant molecules such as superoxide dismutase, glutathione,
glutathione peroxidase, etc. play a role in preventing the formation of free
radicals and protecting organisms from the hazardous effects of oxidative
stress (Karasahin et al., 2021). If antioxidant systems are not sufficient
to resist oxidative stress, oxidative damage develops in the cells and the
functions of the cells are significantly disrupted (Perrone et al., 2010). It
has been suggested constantly, that oxidative stress plays a role in the pat-
hogenesis of many diseases and inflammatory conditions in humans, such
as AIDS (Allard et al., 1998), influenza (Liu et al., 2017), and hepatitis
(Paracha et al., 2013). Moreover, the increased incidence of transitional
diseases such as mastitis in dairy cows (Sordillo and Aitken, 2009) is also
associated with excessive oxidative stress. Hence, the balance between
oxidative stress and antioxidant capacity of the organism is crucial for pro-
tect animals from diseases (Feng and Wang, 2020). Recently, nutritionists
aiming to decrease oxidative capacity and increase antioxidant activity by
diet (Prior and Wu, 2013).

Although some other studies have investigated the individual effects
of the vitamins involved in total oxidative and antioxidative activities in
cows, there is not adequate data on the effects of niacin, choline and biotin
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in dairy cows. The aim of this study was to examine the effects of biotin,
niacin and choline and their combinations on total oxidative and antioxi-
dative activities and the incidence of some periparturient diseases such as
retained placenta, metritis, mastitis and displacement of the abomasum in
dairy cows during the transition period.

DESIGN OF THE STUDY

The study was conducted in “Korel Dairy Cow Breeding Company-
Corporation” Afyonkarahisar/Turkey, located at 30° 55° East Longitude
and 38° 40’ North Latitude, with the approval of the Animal Experiments
Ethics Committee of Afyon Kocatepe University under the document num-
ber “B.30.2.AKU.0.92.00.00/69”. A total of 42 multiparous Holstein dairy
cows with similar previous milk yield (29 + 5 1/day), live body weight (700
+ 50 kg), and body condition score (BCS, 3.50+0.5) were selected as study
material and assigned to 7 groups by random sampling method. The study
started for each cow exactly 3 weeks before the expected calving date and
finished 3 weeks after calving.

The groups were as follows:
Group. L. Control (C): Cows did not receive any supplementation.

Group II. Choline (Cl): Cows drenched with choline (15g/day) throu-
ghout the study

Group III. Niacin (N): Cows drenched with niacin (12g/day) throu-
ghout the study

Group IV. Biotin (B): Cows drenched with biotin (20 mg/day) throu-
ghout the study

Group V. Biotin + Choline (BCL): Cows drenched with biotin (20 mg/
day) and choline (15g/day) throughout the study

Group VI. Niacin + Choline (NCI): Cows drenched with niacin (12 g/
day) and choline (15g/day) throughout the study

GroupVII. Biotin + Niacin (BN): Cows drenched with biotin (20 mg/
day) and niacin (12g/day) throughout the study.

Dose calculations for choline done according to Guretzky et al. (2006)
(60 g of Reashure™ rumen-protected choline equivalent to 15 g of cho-
line, 25% choline chloride, Balchem Encapsulates, Slate Hill, NY); for
Niacin (Niashure™, Balchem Corporation, New Hampton, NY) according
to Small (2010); and for biotin (Rovimix Roche Vitamins Inc., Parsippany,
NJ) according to Zimmerly and Weiss (2001).
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The cows were housed in free stall paddocks which had rubber bed-
ding material. Dry and lactating cows were housed in separate paddocks.
Lactating cows were milked three times a day with an automated milk-
ing parlor (GEA, Germany). All cows consumed the same diet which was
formulated separately for the prepartum and postpartum period. Nutrient
requirements of the cows determined according to NRC (2001). The diet
was prepared and served to all animals as TMR (total mixed ration) which
were given at Table 1. All feedstuffs were sampled and analyzed for crude
protein, ether extract, crude fiber, crude ash, and dry matter according to
AOAC (1984) whereas Acid Detergent Fiber (ADF), and Neutral Deter-
gent Fiber (NDF) done according to Georing and Van Soest (1970). All
data obtained from the feed analysis was used for the calculation of the
metabolizable energy and protein content of the diet.

The blood samples were taken from the all animals and immediately
centrifuged for 15 minutes at 3000 rpm at room temperature to obtain se-
rum on the -21, -14, -7, 0, 7, 14, and 21st days (according to parturition).
Serum samples were stored at -20 °C until the laboratory analysis. Total
oxidative (TOS) and antioxidant capacity (TAS) were measured from all
serum samples by using a colorimetric analyzer “Roche Cobas C111, Ger-
many” and commercial kits (Rel Assay Diagnostics Assay Kit, Mega Tip
Industry and Trade Limited Company, Gaziantep/Tiirkiye)

Routine health examinations were done daily by the veterinarian of
the farm. Moreover, all animals checked for the clinical signs of retained
placenta, metritis, mastitis and displaced abomasum. Retained placenta
was diagnosed with cows that did not expel fetal membranes in the first
24 hours after calving. Metritis was diagnosed in cows that had a fever
and abnormal vaginal discharge (odorous yellowish-brown color). Mas-
titis was diagnosed in cows that had a fever and/or swelling in the udder
and abnormal odor, color, and/or clot in milk. All diagnosed diseases were
defined as mild/moderate. Therefore none of the cows needed to separate
from the herd and were not hospitalized in special conditions. Treatments
were started immediately after diagnosis and all therapeutic practices were
performed immediately following afternoon milking till full recovery had
been observed. All treated cows were sent to their paddocks immediately
after treatment practices were done.

The TAS and TOS results were evaluated using the JMP statistical
pocket program (JMP, 2003) as GLM. The significance level was set at
(p=0.05).
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Table 1
Formulation and Chemical Composition of The Diet

Feedstuffs (% Dry Matter) Before Parturition After Parturition

Corn Silage 30.1 26
Brewer’s Yeast 4.9 5.2
Alfalfa Hay 14 18.2
Barley Straw 18.5 10.3
Wheat Bran 2.9 9.2
Barley Grain (Ground) 13.4 6.8
Corn Grain (Ground) 8.4 11
Cottonseed Meal 2.2 7.9
Soybean Meal 4.3 2.6
Rumen Protected Fat! 1 0.6
Rumen Protected Protein? 0.6
Salt 0.14 0.3
Premix? 0.16 0.04
Sodium Bicarbonate 0.5
Yeast* 0.004
Limestone 0.7
Chemical Coposition of The Diet (%Dry Matter)
Crude Protein 12.7 17
Rumen Degradable Protein 7.7 11.8
Rumen Undegradable Protein 5 52
NEL (mcal/kg)® 1.47 1.58
NDF¢ 45.94 39.89
ADF’ 27.28 23.42
Cat 0.46 0.72
P? 0.27 0.42
Note

1 Megalac (Church & Dwight Co., Inc., Rinceton. NJ);
2 Soy Pass (Borregaard LignoTech);

3 Rovimix 302-FM/20:Ingredients in 1 kg; 15.000.000 IU vitamin A, 3.000.000
IU vitamin D3, 20.000 mg vitamin E, 10.000 mg manganese, 10.000 mg
iron, 10.000 mg zinc, 5.000 mg copper, 100 mg cobalt, 100 mg iodine

4 Yeast (Saccharomyces cerevisiae, Beta Agri., Yiiregir/Adana)
5 NEL; Net Energy Lactation
6 NDF; Neutral Detargent Fiber
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7 ADF; Acid Detargent Fiber
8 Ca; Calcium

9 P; Phosporus

RESULTS

Weekly overall serum TOS and TAS concentrations of all groups are
presented in Table 2, whereas week-by-week serum TOS and TAS con-
centrations shown in Table 2 and 3 and also figure 1 and 2, respectively.
TOS level increased at the calving (PAR, Table 3) in all groups due to
rising oxidative stress during parturition. TOS level was significantly hi-
gher (p<0,0001) in the control group than those measured in the niacin
and choline-administrated groups (CL, N, BCL, NCL, BN). However,
only biotin-received cows showed similar TOS levels to control. Moreo-
ver, TOS levels remained lower (p<0,005; p<0,005; p<0,05; week by week
respectively) in the niacin and choline-administrated groups than in the
control group in the first three weeks of the lactation. On the other hand,
only biotin-received groups never showed significant differences with the
control group throughout the transition period. TAS levels did not show a
significant difference between groups in the prepartum weeks and the day
of parturition. By the way, the TAS level was the lowest (p<0,05) in the
only biotin-treated group in the second week of lactation, whereas niacin
and choline-treated groups (CL, N, BCL, NCL, BN) showed a significant
increase (p<<0,001) as compared to control and biotin-treated groups in the
third week of the lactation. These findings indicate that rumen protected
niacin and choline supplementation to dairy cows during transition period
can reduce oxidative stress by decreasing TOS and increasing TAS levels
after parturition. On the other hand, biotin supplementation at the same
period did not affect oxidative stress parameters in dairy cows.

Peripartal diseases highly related with lifelong productivity in da-
iry cows. The increase of retained placenta, mastitis and metritis cause a
dramatic decrease in milk yield, fertility performance and productive life
in dairy cows. In the study, only one cow with rumen-protected choline
supplementation was diagnosed with mastitis (17%), while no cow was
diagnosed with retained placenta or metritis. Similarly, only one cow with
rumen-protected niacin and choline supplementation was diagnosed with
retained placenta (17%), while no cow was diagnosed with mastitis or
(0%) or metritis (0%). However, five cows in the control group (2 retained
placenta, 1 mastitis, 1 metritis, overall 83%), six cows in the biotin group
(2 retained placenta, 2 mastitis, 2 metritis, overall 100%), three cows in
the niacin group (1 retained placenta, 1 mastitis, 1 metritis, overall 50%),
two cows in the biotin and rumen-protected choline group (1 retained pla-
centa, 1 metritis, overall 33%), three cows in the biotin and rumen-prote-
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cted niacin group (1 retained placenta, 1 mastitis, 1 metritis, overall 50%)
diagnosed with the peripartal diseases. These results indicate that rumen
protected choline and niacin supplementation to dairy cows in transition
period may improve the health status by decreasing the incidence of peri-
partal diseases.

Table 2

Effects of Rumen Protected Niacin, Rumen Protected Choline, Biotin and Their
Combinations on Overall TOS and TAS Concentrations in Dairy Cows During
Transition Period

Group®l TOS TAS
C 8.35° 0.92¢
CL 7.71% 1.03®
N 7.830¢ 0.97%
B 8.05%® 0.92¢
BCL 7.81%¢ 1.01®
NCL 7.59¢ 1.03%®
BN 7.89¢¢ 0.98%
SEM? 0.127 0.020
P values®
Treatment <.0001 <.0001
Time <.0001 <.0001
TreatmentxTime 0.0034 0.0390

Note. ' Groups; C (Control) without supplementation; CL (Choline) cows recie-
ved 15 g of rumen-protected choline per day; N (Niacin) recieved 12 g
of rumen-protected niacin per day, B (Biotin) cows recieved 20 mg of ru-
men-protected choline per day; BCL (Biotin+Choline) cows recieved 20
mg of biotin and 15 g of rumen-protected choline per day; NCL (Niacin+-
Choline) cows recieved 12 g of niacin and 15 g of rumen-protected choline
per day; BN (BiotintNiacin) cows recieved 20 mg of biotin and 12 g of
rumen-protected niacin per day. % Standard error of mean. 3 P values; Va-
lues with different superscripts in the same row are significantly different
(p £0.05);T x T: Treatment x Time interaction; The treatment effects with
time. Time dependant effects of treatments
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Table.3

Effects of Rumen Protected Niacin, Rumen Protected Choline, Biotin and Their
Combinations on Weekly TOS Concentrations in Dairy Cows During Transition

Period
Weeks?
Groups! PRE3 PRE2 PRE1 PAR POS1 POS2  POS3
C 6.65 7.52 8.53 9.01° 8.92¢ 8.82¢  8.98
CL 6.15 7.26 8.40 7.63%¢  8.41®  8.04*  8.05°
N 6.65 7.77 8.12 8.16" 8.10° 7.78¢  8.23°
B 6.50 7.17 8.22 8.63® 8.94¢ 8.48"0  8.43®
BCL 6.51 7.85 8.30 8.00 8.17° 8.00  7.82°
NCL 6.48 7.20 7.76 7.50¢ 8.05° 7.86°  8.30°
BN 6.52 7.49 8.45 8.14% 8.06° 8.45%  8.13°
SEM? 0.20 0.20 0.18 0.21 0.19 0.17 0.22
p 0.65 0.13 0.08 0.00 0.00 0.0 0.03
Note. ! Groups; C (Control) without supplementation; CL (Choline) cows recie-

ved 15 g of rumen-protected choline per day; N (Niacin) recieved 12 g
of rumen-protected niacin per day, B (Biotin) cows recieved 20 mg of ru-
men-protected choline per day; BCL (Biotin+Choline) cows recieved 20
mg of biotin and 15 g of rumen-protected choline per day; NCL (Niacin+-
Choline) cows recieved 12 g of niacin and 15 g of rumen-protected choline
per day; BN (Biotin+Niacin) cows recieved 20 mg of biotin and 12 g of
rumen-protected niacin per day. > Weeks; PRE3 three weeks before partu-
rution; PRE2 two weeks before parturution; PRE1 one week before par-
turution; PAR day of parturition; POS1 one week after parturution; POS2
two weeks after parturution; POS3 three weeks ater parturution. *Standard
error of mean. * P values; Values with different superscripts in the same
row are significantly different (p < 0.05)
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Table.4

Effects of Rumen Protected Niacin, Rumen Protected Choline, Biotin and Their
Combinations on Weekly TAS Concentrations in Dairy Cows During Transition

Period

Weeks?

Groups' pRE3 PRE2 PREI PAR POSI  POS2 POS3

C 0.81 0.95 1.05 0.91 0.83 0.922b¢ 0.97¢
CL 0.91 0.91 1.12 1.07 1.05 1.04% 1.10%
N 0.83 0.91 1.13 0.97 1.03 0.912b¢ 1.028c
B 0.90 0.96 1.09 0.94 0.90 0.80¢ 0.844
BCL 0.80 0.85 1.14 1.08 0.98 1.07% 1.14%®
NCL 0.82 0.94 1.21 1.01 1.05 1.02# 1.15°
BN 0.81 0.98 1.05 1.01 0.92 1.10° 1.01%
SEM? 0.06 0.05 0.04 0.05 0.05 0.05 0.043
p 0.79 0.69 0.22 0.26 0.07 0.00 0.00
Note. ' Groups; C (Control) without supplementation; CL (Choline) cows recie-

ved 15 g of rumen-protected choline per day; N (Niacin) recieved 12 g
of rumen-protected niacin per day, B (Biotin) cows recieved 20 mg of ru-
men-protected choline per day; BCL (Biotin+Choline) cows recieved 20
mg of biotin and 15 g of rumen-protected choline per day; NCL (Niacin+-
Choline) cows recieved 12 g of niacin and 15 g of rumen-protected choline
per day; BN (Biotin+Niacin) cows recieved 20 mg of biotin and 12 g of
rumen-protected niacin per day. > Weeks; PRE3 three weeks before partu-
rution; PRE2 two weeks before parturution; PRE1 one week before par-
turution; PAR day of parturition; POS1 one week after parturution; POS2
two weeks after parturution; POS3 three weeks ater parturution. *Standard
error of mean. * P values; Values with different superscripts in the same
row are significantly different (p < 0.05)

Table 5

Effects of Rumen Protected Niacin, Rumen Protected Choline, Biotin and Their
Combinations on The Incidence of Some Peripartal Diseases Such As Retained
Placenta, Masititis, Metritis in Dairy Cows During Transition Period

Groups'  RETAINED PLACENTA? MASTITIS? METRITIS?
C 2 1 2

CL 1

N 1 1 1

B 2 2 2

BCL 1 1

NCL 1

BN 1 1 1
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Note. ! Groups; C (Control) without supplementation; CL (Choline) cows recie-
ved 15 g of rumen-protected choline per day; N (Niacin) recieved 12 g
of rumen-protected niacin per day, B (Biotin) cows recieved 20 mg of ru-
men-protected choline per day; BCL (Biotin+Choline) cows recieved 20
mg of biotin and 15 g of rumen-protected choline per day; NCL (Niacin+-
Choline) cows recieved 12 g of niacin and 15 g of rumen-protected choline
per day; BN (Biotin+Niacin) cows recieved 20 mg of biotin and 12 g of
rumen-protected niacin per day. 2 The numbers in the table show how many
times each cow was diagnosed with which disease.

DISCUSSION

Oxidative stress is the formation of cellular damage in the organism
that develops as a result of the balance between oxidants and antioxidants
being disrupted in favor of the oxidant system and the excessive release of
free radicals (Perrone et al., 2010). If the organism’s antioxidant mecha-
nisms are insufficient against oxidative stress, oxidative damage develops
in the cells and this negatively affects the pathogenesis of many diseases
and increases the severity of the disease (Allard et al., 1998; Liu et al.,
2017; Aydogdu et al., 2018). The concentration of many oxidants and anti-
oxidant molecules in blood can be measured separately by various analyti-
cal methods (Tarpey et al., 2004). However, in recent years, more practical
methods referred to as “total oxidant status (TOS)” and “total antioxidant
status (TAS)” have been developed that measure total oxidants and anti-
oxidants in the blood (Erel, 2000). In the present study, oxidative stress
dramatically increased on the day of parturition and remained high for the
first three weeks of lactation. However, feeding cows with supplemental
rumen-protected niacin and choline from three weeks before parturition
to the 21st day of lactation decreased TOS at the parturition and the first
three weeks of lactation. Additionally, this supplementation increased the
TAS level on the third week of lactation. These findings are consistent with
previous studies the decrease in oxidative stress with choline supplemen-
tation (Sachan et al., 2005; Mehta et al., 2009; Mehta et al., 2010). More-
over, Ossani et al. (2007) indicated that choline deficiency cause a signif-
icant increase in oxidative stress. The exact mechanism of choline on the
decrease in oxidative stress is still unclear, however Sachan et al. (2005)
expressed that choline is a very strong lipotropic agent and it enhance the
mitochondrial activity at high lipolysis conditions. It’s well known that,
dairy cows undergo severe negative energy balance after parturition and
extremely high lipolysis occurs due to compensate energy needs of the
organism (Overton and Waldron, 2004). The current findings indicates
that choline can decrease cellular oxidative stress by preventing lipomo-
bilization and increasing mitochondrial activity. As well as choline, niacin
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is also known as a strong lipotropic molecule for dairy cows (Weiss and
Gonzalo, 2006; Pires and Grummer, 2007). Niacin decreases hepatocyte
lipid accumulation and improves fatty acid metabolism during high blood
cholesterol levels (Hamoud et al., 2013). Consistent with the present find-
ings, previous studies indicated that niacin supplementation decreased the
oxidative stress (Junqueira-Franco et al., 2006; Kamanna and Kashyap,
2007; Cho et al., 2009).

Although the transition period covers a short period of 6 weeks in
total, according to many researchers, it is the most risky period in terms of
metabolic and infectious diseases in dairy cows. Diseases such as retained
placenta, ketosis, fatty liver syndrome, displaced abomasum, mastitis, and
metritis, which cause the most economic losses and reduce the productive
life of the cows, are most common in this period. Therefore, nutritional
practices that increase the resistance of the cows to the peripartal diseases
can increase the productivity and health status of dairy cows during tran-
sition period. In this study, dairy cows received rumen protected choline,
rumen protected niacin and biotin throughout transition period. Results on
the incidence of peripartal diseases showed that rumen-protected choline
and rumen-protected niacin supplemented cows had fewer peripartal dis-
eases than control and biotin received cows. Choline is a water soluble
vitamin and well know that it prevents hepatic lipid accumulation in dairy
cows (Zenobi et al., 2018). On the other hand, as Bolatti et al. (2020) indi-
cated that, if choline is involved in the liver lipid oxidation mechanisms,
then it could increase the metabolic strength of the animal and prevent
it from peripartal diseases. However, in their research, supplemental ru-
men protected choline did not affect the incidence of peripartal diseases in
dairy cows during transition period. Therefore, Bolatti et al. (2020) stat-
ed that both treatment and control groups showed acceptable incidence
rates in peripartal diseases such as retained placenta (12,7%;17,2%),
(10,9%;:17,2%), mastitis (5,5%:5,2%) (control and choline treated groups
respectively). On the other hand; similar with the current findings, Lima et
al. (2012) indicated that supplemental rumen protected choline decreased
the incidence of metritis (7,1%; 3,5%, control and treatment respectively)
and mastitis (24,1%;13,4%, control and treatment respectively) while did
not effect the incidence of retained placenta. Moreover, in the study, ru-
men protected choline and niacin supplementation improved the oxidative
status by decreasing oxidative stress and also decreased the incidence of
peripartal diseases. These findings brings to mind that there can be a strong
collection between the severity of oxidative stress and the incidence of
metabolic and infectious diesaes in dairy cows during transition period.
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CONCLUSION

The transition period is the most stressful period for dairy cows. In
the present study, the effects of supplemental rumen-protected choline, ru-
men-protected niacin, biotin, and their combinations on total oxidative and
antioxidant status and the incidence of some peripartal diseases. In conc-
lusion, supplemental rumen-protected choline and niacin decreased TOS
during and after parturition whereas increased TAS at the third week of
the lactation. In addition, the supplementation of these two water-soluble
vitamins to the dairy cattle diet decreased the incidence of mastitis, metri-
tis, and retained placenta in the transition period. More detailed studies are
needed to clarify the mechanisms of choline and niacin on oxidative stress
and the prevention of peripartal diseases
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NIR (NEAR INFRARED) TECHNOLOGY

It is widely acknowledged that achieving high levels of animal pro-
ductivity and maintaining quality nutrition and management practices are
crucial for animal health (Corson et al., 1999). Producers are aware of
the importance of quality in feed ingredients. NIR analysis stands out as
a cost-effective device that facilitates the analysis process. NIR analysis
is said to be less costly compared to chemical analyses when it comes to
determining values such as crude protein, soluble carbohydrates, structural
fibers, ash, and fat. Through NIR analysis, besides estimating the digesti-
bility of animals, the metabolizable energy (ME) values of the feeds to be
used can also be determined (Corson et al., 1999). Therefore, the use of
NIR analysis in formulating rations is observed to be increasing worldwi-
de.

B
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Picture 1. Analysis demonstration on NIR device (Anonymous, 2017)

In NIR analysis, approximately 1 gram of feed sample can provide
insight into the nutrient levels in the feed sample by performing spectral
electromagnetic scanning in the wavelength range of 1100-2500 nm using
an NIR device. In this mentioned spectral range, light is directly transmit-
ted to the sample placed on the device. The wavelength of the reflected
light (R) carries information that can identify chemical bonds within the
sample, such as CH, -OH, -NH, and -SH. This reflected energy is stored
in reciprocal logarithmic form (log 1/R) to convert it into a form that can
provide information about the chemical bonds in the feed sample (Baker
and Barnes, 1990; J. Shenk and Westerhaus, 1991). Absorption bands ori-
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ginating from water (1450 nm) and protein functional groups (2100-2200
nm) are shown in Figure 2.

Picture 2. Analysis demonstration on NIR device (Anonymous, 2017)
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Figure 1. Example of original NIR spectra showing the relationship between
increasing wavelength and absorbance
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Absorbance is associated with all organic matter present in the feed
sample. Proteins, lipids, structural fibers, sugars, and some fractions of the-
se can be determined by the spectra obtained through absorbance. Howe-
ver, for accurate results from these analyses, NIR devices must be calibra-
ted using spectra correlated with chemical analyses. Additionally, it should
be noted that NIR techniques used for all types of analyses rely on a labo-
ratory with high-quality references and accurate, well-maintained records.

Picture 3. An NIR device used in feed analysis

It is well known that the most important features of NIR device analy-
ses in the industry are speed and low cost. While it has been found that de-
termining the analysis values of feed mixtures produced in factories using
traditional methods (ash, nitrogen, fiber, lipid, lipid) takes approximately
16 hours even when starting five analyses simultaneously, the NIR device
completes these analyses with samples prepared to meet the conditions in
120-180 seconds. All types of ground roughage and concentrated feeds
can be analyzed with this device and properly calibrated spectra. However,
although similar, the amount of light absorbed by each prepared sample
and the wavelength of the reflected light will vary. Therefore, sometimes
different results can be obtained even in two analyses of the same sample
(Corson et al., 1999). For this reason, as many and as accurate analysis
results as possible should be uploaded to the database of the NIR device,
and the wavelength variability in the calibration of the device should be
minimized.
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Advantages and Disadvantages of NIR Technique
Advantages:

The advantages of NIR device can be listed as follows:

1. It completes nutrient analysis in feed very easily and quickly com-
pared to other analyses.

2. It allows analysis with a small amount of well-sampled sample.

3. Since there is no change in the chemical structure of the sample to
be analyzed, it allows the sample to be reused.

4. It enables desired protein, fat, moisture, Acid Detergent Fiber
(ADF), Neutral Detergent Fiber (NDF) analyses to be performed
simultaneously in terms of analysis value in feed raw material,
and all these data are presented independently.

5. There is no need for the use of any chemical substances during the
analysis of feed raw materials. Thus, it also contributes to envi-
ronmental protection.

6. It allows analysis to be performed cost-effectively without the
need for various analysis devices and chemical substances to be
used for analysis in feed raw materials.

Disadvantages:

The disadvantages of NIR device can be listed as follows:

1. Due to the expensive NIR technology used for analysis, the in-
vestment cost is high.

2. Calibration is required for each of these products for the analyses
to be performed, and it is difficult to perform calibrations.

3. When evaluated for analysis, reading differences exist among
different NIR devices and due to the different Absorbance coef-
ficients, it is very difficult to transfer calibrations made on one
device to other devices.

NIR CALIBRATIONS

The accuracy of NIR measurements in determining feed composition
depends on the breadth of the database used for calibration of the device.
The best predictions can be made when separate data sets are used for each
type of feed. For example, the feedTECH NIR system, a large-scale project
used in New Zealand, has been calibrated for five different types of feed
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(pasture, pasture silage, brassica crops, corn silage, and grain). For pasture,
pasture silage, and corn silage, analyses were conducted on over 200 samp-
les each using wet chemistry methods, and their spectra were recorded
using NIR. Similarly, 100 samples were used for high-energy grain-based
samples. For brassica crops (cabbage, canola, black cabbage, turnip, and
kohlrabi), the same process was repeated using 80 samples. Wet chemistry
analyses included dry matter, organic matter, ash, crude protein, lipid, so-
luble sugars, starch, NDF, ADF, and mineral contents. In addition to sila-
ge, analyses were conducted for pH, lactic acid, volatile fatty acids, and
ammonia concentration. The wet chemistry analysis results were entered
into the NIR database to establish a relationship with absorbance spectra
(Landau et al., 2006).

Calibration was performed using principal component analysis (PCA)
with primary derivative through PLS interpretation (Shenk and Westerha-
us, 1991b). Calibration curve samples contain spectral data for each samp-
le along with wet chemistry data. These curves demonstrate the model fit
individually and separated by roughage type.
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Figure 2. An example showing the relationship between NIR measurements and
laboratory values of HP and NDF concentrations of corn silage and fescue.
Each point represents each sample used in calibration (Corson et al., 1999).
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The differences in prediction (R2) between components among raw
materials are shaped by various factors. These include variations in value
ranges within the same feed type and interference from other components.
For example, the presence of volatile fatty acids affects KM analysis be-
cause they will be lost during drying, which in turn affects the content
calculation.

In Table 1, a sample from a study demonstrates a close relationship
between some parameters predicted by NIR measurements and their actual
laboratory analysis values.

Number Average  Interval R2 SECV
of
samples
Meadow grass
Crude protein 339 18,5 5,0-36,2 0,99 0,95
NDF 360 49,4 17,8-78,0 0,95 2,79
Meltable candy 358 8,5 1,0-25,0 0,87 1,38
OM Digestibility 31 72,3 55,0-85,0 0,90 3,37
Corn Silage
Crude Protein 181 7,51 4,41- 0,68 0,62
13,12
NDF 184 442 18,6-72,2 0,96 2,11
Meltable candy 190 35,1 1,1-61,6 0,89 4,80
Lactic acid 76 3,9 0-10,8 0,84 0,87
pH 68 3,9 3,5-4,3 0,39 0,09

Table 1. An example of calibration based on nutrient analysis of fescue and corn
silage samples (Corson et al., 1999)

The high R2 value for the NDF parameter compared to other com-
ponents indicates that NIR prediction for the NDF parameter is excellent
for pasture and corn silage. Generally, as more values are added to the
database, the R2 value increases. For instance, in 1995, the R2 value for
soluble sugars parameter in the feedTECH NIR system was 0.55 (Corson
et al., 1999), which increased to 0.87-0.88 when more data were added.
However, NIR prediction is also influenced by the type of components and
the range of current data. For example, the low R2 value (0.38) for the pH
parameter in corn silage is due to an error during analysis or recording and
the narrow range of pH values in corn silage.

While most prediction samples are based on a direct correlation
between spectra and chemical component analysis, some predictions are
more generalized. For instance, DCAD represents the balance of anions
and cations in the diet (Wilson, 1996), and predictions for this parame-
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ter are influenced by the effect of potassium. As potassium concentration
increases, the DCAD level also increases, and vice versa. The correlation
coefficient between potassium concentration and DCAD is 0.78. Howe-
ver, NIR devices are not suitable for analyzing metabolic energy (ME)
and organic matter (OM) digestibility in roughages due to the difficulty
in NIR predictions, which arises from the type of feed. The NIR database
for pasture contains approximately 35 feed samples with known in vivo
digestibility obtained from animal trials conducted by Massey University
and Agri-Research, and the spectra for predicting OM digestibility of feed
samples were also obtained. ME was directly calculated from OM digesti-
bility. The ME levels of pasture-based feeds (e.g., pasture silage, etc.) were
calculated based on in vitro cellulase digestibility trials calibrated with in
vivo standards (Dowman and Collins, 1982; Roughan and Holland, 1977).
The ME value of corn silage was calculated based on the ADF values pro-
vided by NIR.

Usage Possibilities of NIR Technology in Animal Nutrition

It is known that NIR began to be used in the 1960s for determining
the moisture levels of grains. In recent years, the number of NIR-supported
analytical applications and their usage has significantly increased. Looking
at the foundation of NIR technologies, it is understood that the logic of
light absorption at different levels is due to the diversity of chemical bonds
in certain segments of the spectral range between 1100-2500 nm (Corson
et al.,, 1999). The theory of near-infrared spectroscopy (Hrushka, 1987)
has been explained in detail, and the mathematical origins of these devices
have been described (Martens and Naes, 1987).

In summary, during the calibration of the device, statistical analyses
are used to transform each reflectance point into spectra points in the form
of'log (1/R) based on log10. The relationship between these spectral points
and values determined by wet chemistry methods is established through
chemometrics. All these statistical methods form the basis of calibration.
Some reviews suggest that readings should also be taken for new samples
with NIR (Deaville and Givens, 1998; Foley et al., 1998). In these studies,
the fundamental issues of acquiring and analyzing NIR spectra have been
simplified. Especially regarding NIR technologies, the diversity of sam-
ples, mathematical transformations of spectra, and validation and calibra-
tion methods are being discussed.

Some published reviews also recommend taking readings with NIR
for new samples (Deaville and Givens, 1998; Foley et al., 1998).

In general, NIR studies are evaluated based on the quality of calib-
ration and the linearity and sharpness of calibrations. Sharpness, someti-
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mes evaluated based on the slope of the “Validation Equation,” has also
been adopted in some studies for determining the accuracy of predictions
using SEP (Standard Error of Prediction) and SECV (Standard Error of
Cross Validation). SEP expresses the variation between prediction values
and reference values when applied to an external validation dataset. SECYV,
on the other hand, indicates the standard error of the situation that occurs
when we refer to subsets of data from the calibration dataset sequentially.
It is important to note that if the calibration data is copied, this procedure
(SECV procedure) can give overly optimistic results. Therefore, maximum
importance should be given to the SECV value when developing calibrati-
ons (Naes et al., 2002).

Additionally, it is mentioned that the standard error of cross-validation
(SECV) is not used for evaluating bias and validating prediction values. In
the long run, even though the accuracy of NIR equations is seriously con-
sidered a problem, it is reported that the prediction error of SEP procedure
is superior to the cross-validation error of SECV procedure. However, both
SEP and SECV are widely used procedures for predicting sharpness.

As previously mentioned, NIR technology is widely used in various
points and for different purposes in animal nutrition, most commonly for
determining the nutrient composition of feed ingredients and rations. It is
important to pay attention to and focus on regulating the nutrient content
of rations and to ensure that the sampling represents all consumed or pur-
chased feed ingredients or complete feeds.

Samples of green grass taken from fields are obtained by considering
the grazing habits of the animals that graze the best and by taking samples
from various locations of the pasture area. Silages, on the other hand, will
give more accurate results when taken from the inner parts of the silage
pits where the product will be placed, rather than from the outer parts. The
sample of silage taken into sample bags is sent to the NIR laboratory for
cooling and drying by sealing or tightly tying the mouthpieces. Subsequ-
ently, the samples are ground and prepared for analysis. Spectral informa-
tion is compared with the spectrum in the database of the appropriate feed
type, and composition predictions are made. (Corson et al., 1999). Results
showing more than +5% difference are defined as outliers, and they are
sent back to the laboratory for chemical analysis to be confirmed. Confir-
mation is required.

Excessive high values may arise due to samples belonging to a diffe-
rent product from a different feed type or from sample contents developed
in the databases of devices. After conducting the necessary tests in full for
samples marked as outliers or erroneous values, and confirming that the
results remain unchanged; values can be added to the databases to increase
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the analysis accuracy of the NIR device against the possibility of similar
sample specimens coming from elsewhere. (Corson et al., 1999).

The composition of feed ingredients can be expressed with 8-12 va-
riables that can provide information on the quality of feeds. This informa-
tion can be used in various ways. The interpretation of this information is
necessary, especially when roughages are mixed or added to the ration, in
order to meet the requirements of yield share (Corson et al., 1999). These
devices have a good position in the investigation of agricultural products,
including the possibility of coarse-concentrate feed selection to increase
the quality of products produced in agricultural fields. (Marten et al., 1989;
Abrams et al., 1987;).

The reasons limiting the conduct of NIR analyses can be explained
as the low capacity to generate spectra that can be interpreted as indic-
ative of sample characteristics and the shaping of a sharp calibration. In
some research projects, NIR measurements cover very specific areas such
as finding the condensed tannin content in roughages and determining diet
formulation from fecal analyses. Advanced studies have been conducted to
establish the connection between fecal and feed intake using NIR technol-
ogy (Unal & Garnworthy, 1999; Murray et al., 1994).

Samples of roughages harvested from fields are generally not suffi-
cient for the optimal diet composition in animals, especially in high-sensory
examinations of large and small ruminants (Corson et al., 1999). Thanks to
NIR technology, information about nutrient levels in feeds can be rapidly
obtained before and after harvesting. In order to prepare the diet to fully
meet the needs of animals, the nutrient composition of the diet ingredients
must be known accurately. This can only be achieved quickly and reliably
with measurements made by NIR devices. Additionally, it is important to
know that meadow-pasture qualities can vary throughout the entire season.
Therefore, if there is an expectation of the most suitable feeding in terms of
cost and quality from rations, nutrient analysis of feeds should be regularly
performed (Corson et al., 1999). When acquiring or selling raw materials
for ruminant feed production, the analysis values provided by these devi-
ces inform both the buyer and the seller about the values of the products.
Since evaluations in animal feeding rely on cost-benefit analyses when
preparing rations, these analyses must be continuously performed in raw
material procurement and sales (Corson et al., 1999).

The first report on determining the quality of roughages through NIR
(Norris et al., 1976) listed the SEP values of nutrients within the KM as fol-
lows: 0.95% for CP; 3.1% for NDF; 2.5% for ADF; and 2.1% for ADL. The
advancement in NIR spectrometers and chemometric methods, as summa-
rized by Dryden (2003), has likely increased the prediction accuracy over
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time, even though similar sample sets were not re-evaluated. Calibration in
NIR-derived roughage quality determination predictions generally provi-
des more accurate results when compared to “wide-ranging” calibrations,
although it is not always the case. Calibrations made with multiple species
have a wider spectral variety. In other words, two different characteristics
need to be put on the balance of the scale. The first is the robustness of the
calibration, which needs to determine the properties of a wide range of
samples such as typical natural pasture grasses. The second is the sharp-
ness/accuracy of the calibration. For example, in samples collected from
Stork’s bill dry grass, SEP values for CP, NDF, and ADF were 0.4-0.5%,
while for ADL it was 1.6% (Berardo, 1997). In another study, samples
were collected from pastures grazed by sheep and NIR analyses were per-
formed. The SECV values for Tagasaste (Chamaecytisus proliferus) plants
were as follows: 0.6% for CP; 1.6% for NDF; 1.0% for ADF; and 0.5% for
lignin (Flinn et al., 1992). However, other researchers (Meuret et al., 1993)
have determined higher SECV values in a range of Mediterranean pasture
grass species.

If the calibration of these devices provides values close to chemical
analysis values with a margin of error similar to that of wet chemistry re-
sults, the outcome is considered ideal. Since their first use in the industry,
these devices have been considered as a standard technology for measure-
ments of Crude Protein (CP) and Acid Detergent Fiber (ADF), as mentio-
ned earlier (Barton & Windham, 1988).

In vitro procedures are frequently used to determine the energy con-
tent of ruminant roughages. There are two problems that need to be add-
ressed here: 1) Do in vitro predictions made using NIR provide results as
accurate as in vivo digestibility? 2) What is the level of accuracy of NIR
analysis in in vitro digestibility?

A trial was conducted on 72 castrated rams in Ireland to examine how
accurately the organic matter digestibility of grass silage could be determi-
ned using NIR (Park et al., 1997). The in vivo organic matter digestibility
of silages ranged from 53% to 80%, and the SEP values for NIR analysis
of organic matter digestibility ranged from 2.4% to 2.8%. A review also
reported that NIR analysis of in vivo digestibility of hays and grass sila-
ges provided better prediction compared to the pepsin-cellulase procedure
(Coleman et al., 1999). Additionally, high-quality NIR calibrations have
been obtained for the following procedures: determination of Metaboli-
zable Energy (ME) content for sheep using the in vitro pepsin-cellulase
procedure in wheat forage (Adesogan et al., 1999); determination of in
vivo digestibility for sheep and cattle using a neutral detergent-cellulase
procedure in grass silage (De la Roza et al., 2000); determination of in
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vivo digestibility in wheat straws using pepsin-cellulase and neutral deter-
gent-cellulase procedures (Givens et al., 1991).

In a broad dataset of roughages, NIR analysis for in vitro digestibility
of Crude Fiber (CF) yielded SEP values around 3.5% compared to the Til-
ley and Terry procedure (Tilley & Terry, 1963). Similarly, according to a
fungal cellulase procedure reported by Norris et al. (1976), this value was
around 2%.

NIR has the potential to predict ruminal CF degradation in roughages,
but its predictive power and accuracy are not superior. While the R2 value
for easily degradable fractions representing 15-51% of total CF content
was determined as 0.86, it was 0.78 for slowly degradable fractions rep-
resenting 29-60% of total CF content. SEC values were also determined
to be high (approximately 4.2% and 5.2%, respectively) (Todorov et al.,
1994). An experiment was conducted comparing gas production technique,
an average indicator of ruminal CF degradation, with NIR. Researchers at-
tempted to measure gas productions and kinetics of dry grasses and silages
in sheep rumen fluid using NIR. While total gas production was accurately
detected for clover, grass hay, and maize silages (SECV = 1.2 ml within a
range of 22-43 ml per syringe), this accuracy level couldn’t be achieved
for clover silage (SECV = 2.5 ml within a range of 13-36 ml per syringe).
Except for clover hay, NIR predictions of degradation kinetics varied from
poor to fair. While the R2 values for grass hay were at 0.33, they were at
0.80 for maize silage (Landau et al., 2006).

Accumulated knowledge from trials based on ruminally and duode-
nally cannulated animals significantly contributed to shaping ruminant
rations concerning ruminal degradability kinetics of ration nitrogen. Ru-
men protein outflow, determined as 0.05/hour in sheep with ruminal fistu-
la, was estimated up to 75% using NIR technology. Researchers utilizing
rumen-fistulated cattle fed with maize silage reported R2 values of 0.79
and 0.72 for the determination of escaped protein percentage from the ru-
men and fermentable organic matter content when using NIR, stating that
NIR had reasonable predictive power for these purposes (De Boever et al.,
2003). However, the same researchers reported it was not feasible for true
protein digestibility in the small intestine. In another study with sheep,
NIR-based measurements could determine the in sacco degradability and
effective CP degradability of leguminous roughages up to 87-99% (SECV
ranged from 70-96%, 2.6%) (Antoniewicz et al., 1995). They also reported
a high parallelism (R2 > 0.92) between the in-situ determination of protein
fractions, including rapidly degradable proteins, slowly degradable prote-
ins, and undegradable proteins, and their determination via NIR. However,
they found that this level of precision (R2 = 0.87) was not achieved for
degradation rates, which was less satisfying than the other value. NIR-ba-
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sed calibrations are performed using linear regression, which may pose ca-
libration issues for parameters that do not inherently follow a linear trend,
such as degradation kinetics.

In many applications, SEP or SECV values are quite close to the stan-
dard errors of the analytical procedures providing reference values. Alt-
hough NIR technologies are considered to be in good condition for cal-
culating energy values in ruminant feeds, NIR-based measurements still
need some further development in terms of in vitro and in situ degradation
kinetics. NIR-supported technologies will likely replace fistulated animals
in calculating the ruminal degradation levels of feeds, which will be a sig-
nificant step for animal welfare (Landau et al., 2006).

The determination of the chemical compositions of plant species in fo-
rest pastures, especially their tannin and other secondary metabolite levels,
receives special attention in goat feeding. The total phenolics of the Taga-
saste plant were analyzed with a margin of error of 1.2% and high linearity
using NIR, while phenolic content was determined to be between 1.4% and
25.4% on a DM basis (Flinn et al., 1996). Calibrations have been develo-
ped for condensed tannin content in some plants, including Lotus uligino-
sus schkuhr (Smith & Kelman, 1997), Leucaena leucocephala (Wheeler et
al., 1996), and Sericea lespedeza (Windham et al., 1988). In these narrowly
focused studies involving single species, R2 values ranged from 0.84 to
0.91, indicating quite satisfactory levels. Another researcher determined
the total phenolics, total tannins, and condensed tannin contents in Vicia
and Lathyrus species’ fresh forage and hays using NIR, with levels found
to be between 0.45%-3.4%, 0.13%-2.3%, and 0.05%-3.0% on a DM basis,
respectively. The corresponding SECV levels for these values were 0.17%,
0.18%, and 0.23%, respectively (Goodchild et al., 1998).



52 + Gokhan SAGLAM, Cangir UYARLAR

REFERENCES

Abrams, S. M., Shenk, J. S., Westerhaus, M. O. ve Barton, F. E. (1987). Determi-
nation of Forage Quality by near Infrared Reflectance Spectroscopy: Ef-
ficacy of Broad-Based Calibration Equations. Journal of Dairy Science,
70(4), 806—813. doi:10.3168/jds.S0022-0302(87)80077-2

Adesogan, A. T., Owen, E. ve Givens, D. 1. (1999). Prediction of the metabolizable
energy value of whole-crop wheat from laboratory-based measurements.
Animal Science, 69(2), 427-439. doi:10.1017/S1357729800051006

Baker, C. and Barnes, R. (1990). The application of near infra-red spectrome-
try to forage evaluation in the agricultural development and advisory ser-
vice. J. Wiseman ve D. Cole (Ed.), Feedstuff evaluation iginde . Londra:
Buterworths.

Barton, F. E. ve Windham, W. R. (1988). Determination of acid-detergent fiber
and crude protein in forages by near-infrared reflectance spectroscopy:
collaborative study. Journal - Association of Official Analytical Chemists,
71(6), 1162-7. http://www.ncbi.nlm.nih.gov/pubmed/2853700 adresinden
erisildi.

Coleman, S., Lippke, H. ve Gill, M. (1999). Estimating the nutritive potential of
forages. H. Jung ve G. Fahey Jr (Ed.), Nutritional Ecology of Herbivores,
Proc. 5th Intl. Symp. Nutr. Herb. iginde (ss. 647—-694). Teksas.

Corson, D., Waghorn, G., Ulyatt, M. ve Lee, J. (1999). NIRS: Forage analysis and
livestock feeding. Proceedings of the Conference-New Zealand Grassland
Association iginde (ss. 127-132).

Deaville, E. . ve Givens, D. . (1998). Regions of normalised near infrared reflec-
tance difference spectra related to the rumen degradation of fresh grass,
grass silage and maize silage. Animal Feed Science and Technology, 72(1—
2),41-51. doi:10.1016/S0377-8401(97)00183-1

De Boever, J. L., Vanacker, J. M. ve De Brabander, D. L. (2003). Rumen degra-
dation characteristics of nutrients in compound feeds and the evaluation of
tables, laboratory methods and NIRS as predictors. Animal Feed Science
and Technology, 107(1-4), 29—43. doi:10.1016/S0377-8401(03)00063-4

De la Roza, B., Martinez, A., Modrono, S., Flores, G. ve Argamentaria, A. (2000).
A comparison of near infrared spectroscopy with neutral detergent cellu-
lase techniques to predict the in vivo digestibility of grass silages. A. Da-
vies ve R. Giangiacomo (Ed.), Near InfraRed Spectroscopy: Proc. 9th Intl.
Conf. iginde (ss. 661-665). Chichester: NIR Publications.

Dowman, M. G. ve Collins, F. C. (1982). The use of enzymes to predict the di-
gestibility of animal feeds. Journal of the Science of Food and Agriculture,
33(8), 689—696. doi:10.1002/jsfa.2740330802

Flinn, P., Windham, W. ve Dove, H. (1992). Pasture intake by grazing sheep es-
timated using natural and dosed n-alkanes: a place for NIR? T. Isakson ve



Hayvan Besleme ve Hastaliklar1 Alaninda Aragtirmalar ve Degerlendirmeler - Mart 2024 - 53

T. Naes (Ed.), Proceedings of the 5th International Conference on NIRS
i¢cinde . London.

Foley, J., Mcllwee, A., Lawler, 1., Aragones, L., Woolnough, A. ve Berding, N.
(1998). Ecological implications of near-infrared reflectance spectrosco-
py—a tool for rapid, cost-effective prediction of the composition of plant
and animal tissues and aspects of animal performance. Oecologia, 116,
293-305.

Givens, D. 1., Baker, C. W., Moss, A. R. ve Adamson, A. H. (1991). A compar-
ison of near-infrared reflectance spectroscopy with three in vitro tech-
niques to predict the digestibility in vivo of untreated and ammonia-treat-
ed cereal straws. Animal Feed Science and Technology, 35(1-2), 83-94.
doi:10.1016/0377-8401(91)90101-W

Goodchild, A., El Haramein, F., El1 Moneim, A., Makkar, H. ve Williams s, P.
(1998). Prediction of phenolics and tannins in forage legumes by near
infrared reflectance. Journal of Near Infrared Spectroscopy, 6(1), 175.
doi:10.1255/jnirs.134

Hoffman, P. C., Brehm, N. M., Bauman, L. M., Peters, J. B. ve Undersander, D.
J. (1999). Prediction of Laboratory and In Situ Protein Fractions in Le-
gume and Grass Silages Using Near-Infrared Reflectance Spectrosco-
py. Journal of Dairy Science, 82(4), 764-770. doi:10.3168/jds.S0022-
0302(99)75294-X

Hrushka, W. (1987). Data analysis: wavelength selection methods. P. Williams ve
K. Norris (Ed.), Near-Infrared Technology in the Agricultural and Food
Industries i¢inde (ss. 35-56). Minnesota: Am. Assoc. Cereal Chem. Inc.

Landau, S., Glasser, T. ve Dvash, L. (2006). Monitoring nutrition in small rumi-
nants with the aid of near infrared reflectance spectroscopy (NIRS) tech-
nology: A review. Small Ruminant Research, 61(1), 1-11. doi:10.1016/].
smallrumres.2004.12.012

Marten, G., Shenk, J. ve Barton, F. (1989). Near infrared reflectance spectrosco-
py (NIRS): Analysis of forage quality. Washington, D.C.: US Government
Printing Office.

Murray, 1., Morrin, M. ve Paterson, R. (1994). Rumen organic matter degrada-
tion kinetics from NIR reflectance spectra. G. Batten, P. Flinn, L. Welsh ve
A. Blakeney (Ed.), Leaping ahead with near infrared spectroscopy iginde
(ss. 474-478). Melbourne: NIR Spectroscopy Group Royal Australian
Chemical Institute.

Martens, H. ve Naes, T. (1987). Multivariate calibration by data compression. P.
Williams ve K. Norris (Ed.), Near-Infrared Technology in the Agricultur-
al and Food Industries iginde (ss. 57-88). Minnesota: Am. Assoc. Cereal
Chem. Inc.

Naes, T., Isakson, T., Fearn, T. ve Davies, T. (2002). Validation. T. Naes, T. Isak-
son, T. Fearen ve T. Davies (Ed.), A User-Friendly Guide to Multivari-



54 + Gokhan SAGLAM, Cangir UYARLAR

ate Calibration and Classification iginde (ss. 155—177). Chichester: NIR
Publications.

Norris, K., Barnes, R., Moore, J. ve Shenk, J. (1976). Predicting forage quality by
infrared reflectance spectroscopy. J Anim Sci, 43, 889-897.

Park, R. S., Gordon, F. J., Agnew, R. E., Barnes, R. J. ve Steen, R. W. J. (1997).
The use of Near Infrared Reflectance Spectroscopy on dried samples to
predict biological parameters of grass silage. Animal Feed Science and Te-
chnology, 68(3—4), 235-246. doi:10.1016/S0377-8401(97)00055-2

Roughan, P. G. ve Holland, R. (1977). Predicting in-vivo digestibilities of herbag-
es by exhaustive enzymic hydrolysis of cell walls. Journal of the Science of
Food and Agriculture, 28(12), 1057-1064. doi:10.1002/jsfa.2740281204

Shenk, J. and Westerhaus, M. (1991a). Populations Structuring of Near Infrared
Spectra and Modified Partial Least Squares Regression. Crop Science,
31(6), 1548. doi:10.2135/cropscil991.0011183X003100060034x

Shenk, J. S. and Westerhaus, M. O. (1991b). Population Definition, Sam-
ple Selection, and Calibration Procedures for Near Infrared Reflec-
tance Spectroscopy. Crop Science, 31(2), 469. doi:10.2135/crops-
¢i1991.0011183X003100020049x

Smith, K. F. ve Kelman, W. M. (1997). Predicting condensed tannin concen-
trations inLotus uliginosus Schkuhr using near-infrared reflectance
spectroscopy. Journal of the Science of Food and Agriculture, 75(2),
263-267. doi:10.1002/(SICI)1097-0010(199710)75:2<263:: AID-JS-
FA874>3.0.CO;2-L

Tilley, J. M. A. ve Terry, R. A. (1963). A two-stage technique for the mn vitro
digestion of forage crops. Grass and Forage Science, 18(2), 104-111.
doi:10.1111/j.1365-2494.1963.tb00335.x

Todorov, N., Atanassova, S., Pavlov, D. ve Grigorova, R. (1994). Prediction of
dry matter and protein degradability of forages by near infrared spec-
troscopy. Livestock Production Science, 39(1), 89-91. doi:10.1016/0301-
6226(94)90158-9

Wheeler, R. A., Chaney, W. R., Johnson, K. D. ve Butler, L. G. (1996). Leucaena
forage analysis using near infrared reflectance spectroscopy. Animal Feed
Science and Technology, 64(1), 1-9. doi:10.1016/S0377-8401(96)01047-4

Windham, W. R., Fales, S. L. ve Hoveland, C. S. (1988). Analysis for Tan-
nin Concentration in Sericea Lespedeza by Near Infrared Reflec-
tance Spectroscopy. Crop Science, 28(4), 705. doi:10.2135/crops-
¢i1988.0011183X002800040031x

Wilson, G. (1996). Mineral imbalance in the diet of dairy cows: Effects of fertilis-
er, and novel solutions to calcium and magnesium problems in dairy cows.
Dairyfarming Annual Palmerston North, 48, 140—149.



