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ARASTIRMA MAKALESI RESEARCH ARTICLE

Baslangic Yemine Ilave Edilen Misirin Siyah Alaca Buzagilarda Yem Tiiketimi ve
Biiyiime Performansi Uzerine Etkisi

Effects of Whole Corn Grain Supplementation on Intake and Growth in Holstein Calves

Ekin SUCU” Emrah GULGUN! Ahmet OKUMUS!

Oz

Bu caligma, buzagi baslangi¢ yemine ilave verilen biitiin misirin buzagilarda yem tiiketimi ve bilyiime performansi
(dogumdan 63. giin yasa kadar) iizerindeki etkilerinin incelenmesi amaciyla yiiriitilmistiir. Buzagilar bireysel
bolmelere alinmadan 6nce tartilmistir. Buzagilar, baslangi¢ canli agirliklar1 ve cinsiyetleri dikkate alinarak rasgele
2 gruba ayrilmistir. Buzagilar ilk 3 giin kolostrum, 3. giinden itibaren ise siit ikame yemi ile beslenmislerdir. Birinci
grup hayvanlar siit ikame yemine ek olarak buzagi baslangi¢ yemi (Kontrol grubu) ile beslenmisglerdir (10 disi ve
10 erkek). ikinci grup buzagilar ise siit ikame yemine ek olarak buzagi baslangic yemi ve biitiin musir ile
beslenmiglerdir (10 disi ve 9 erkek). Kati yemler ve su buzagilara sinirsiz olarak saglanmistir. Deneme boyunca,
buzagilarin dogum boylar1 ve dogum agirliklari ile canli agirlik artiglart {izerinde; cinsiyet, muamele ve muamele
x cinsiyet interaksiyonunun etkileri dnemsiz bulunmugtur (P>0.05). Misir ile beslenen buzagilar kontrol grubu
buzagilara gore daha fazla kuru madde tikketmislerdir (P<0.01). Deneme boyunca, misir ile beslenen buzagilarm
(1.36) yem degerlendirme etkinlikleri kontrol grubu buzagi yemini tiiketenlere (1.17) gére %14 daha yiiksek
bulunmustur (P<0.01). Bu ¢alismanin sonuglari, buzagi baslangi¢ yemine ilave edilen biitiin misirin buzagilarda
canli agirlik ve giinliik canli agirlik artisin1 6nemli diizeyde etkilemedigi, yem tiiketimi ve yemden yararlanma
etkinligini ise olumlu yonde etkiledigi goriilmiistiir.

Anahtar Kelimeler: misir, buzagi performansi, yem tiiketimi

Abstract

The aim of this study is to investigate the effects of whole corn grain supplementation to starter diet of calves on
feed consumption and growth performance (from birth to 63 days old). Calves were weighed before being taken
into individual compartments. Calves were randomly divided into two groups according to their initial live weight
and sex. Calves were fed with colostrum for the first three days. They were fed with milk substitute food from day
3 onwards. The first group of animals were fed with calf starter feed (control group) in addition to milk replacer
feed (10 females and 10 males). The second group of animals were fed with calf starter and corn (10 females and
9 males) in addition to milk replacer. Solid feeds and water were provided to calves ad-libitum throughout the
trial. During the trial, the birth length and the birth weights and daily live weight gains of calves did not influenced
by the gender, treatment and the interaction of treatment x sex (P>0.05). Calves fed with corn consumed more dry
matter than the control calves (P<0.01). Overall, the feed efficiency was found to be 14% higher when calves fed
with corn (1.36) than those consuming the control diet (1.17, P<0.01). As a result of this study, it was observed
that whole corn grain supplementation to starter diet did not significantly affect live weight and daily live weight
in calves but it had a positive effect on feed consumption and feed efficiency.
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Extendend Summary

Cereal grains are the main source of starch in monogastric ruminants. The most common cereals (as a starch
sources) in calf starter feeds are; corn, rice, barley, wheat, oats and sorghum. Inclusion of corn grains into the
starter feed of calves; reduces the consumption of milk replacer, allows early weaning. This reduces feeding costs
in calves and has a positive impact on the growth as well as anatomical development and health of rumen. Previous
experiments with calves fed with additional cereal grains indicated that rumen volatile fatty acids increased
(especially propionic acid and butyric acid), the physical development of rumen was stimulated. Stimulation of
rumen development with volatile fatty acids promotes the growth of rumen papillae and rumen microflora.
However, the number of studies investigating the effectiveness of the use of cereals in calf feeds is quite limited.
Therefore, the aim of this study is to investigate the effects of whole corn on live weight, feed consumption and
feed efficiency of calves.

The current experiment was conducted using a completely randomized design, 39 individually penned calves,
comprising two genders (male, n= 19 and female, n=20) were fed ad libitum from age 3 to 63 days old either with
calf starter feed (Control group) in addition to milk substitute or fed with calf starter and corn (10 females and 9
males) in addition to milk substitute. Solid feeds and water were provided to calves ad-libitum throughout the trial.
From the 3rd day of birth, milk replacer were started to be given to all calves (4 L, 6 L and 3 L milk replacer twice
daily for 3 to 14 days, 15 to 48 days and 49 to 63 days of age, respectively). The milk replacer powder was
dissolved in warm water before given. The milk replacer powder contained 220 g of crude protein, 160 g of fat,
sufficient minerals and vitamins. The corn used in the experiment contained 71 g kg™ crude protein, 15 g kg™
crude cellulose and 641.9 g starch. Solid feeds were weighed daily and given to the animals and the remaining
feed was weighed down the next day. Thus, the amount of solid feed consumed daily was calculated. Live weights
and lengths of calves were determined by measurements at weekly intervals. The lengths of the animals were
determined using measuring tape. Feed efficiency was obtained by proportioning dry matter consumption to daily
weight gain. Health records were kept regularly. The climate of the region is typically the Mediterranean climate,
with a mild winter and a warm and dry summer.

At the end of the trial, the birth length and the birth weights and daily live weight gains of calves did not
influenced nor by the gender, or by the treatment and the interaction between treatment x gender (P>0.05). Dry
matter consumption of corn-fed calves was found to be higher during the experiment than those of the control
group calves (P<0.01). The effects of sex and treatment x sex interaction on dry matter consumption were found
to be significant (P<0.01). Dry matter consumption of male calves was higher than female calves (P <0.01). The
highest dry matter consumption was observed in corn fed male calves (P<0.01). Overall, the feed efficiency was
found to be 14% higher when calves fed with corn (1.36) than those consuming the control diet (1.17, P<0.01).
Feed efficiency of male calves was found to be 7% higher than female calves (P<0.01). The highest feed efficiency
was observed in male calves that fed additional corn (1.46, P<0.01).

The results of this study showed that the physical form of additional corn may affect calf performance. During
the liquid feed (colostrum, milk replacer) consumption (ie the first 60 days), it was observed that calves fed with
a corn-containing ration performed better growth and consumed more feed. This is probably due to the fact that
corn feeding contributes to the anatomical development of rumen in calves, and have a positive effect on rumen
health.
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Buzagilarin yasamlarinin ilk evrelerinde rasyon optimizasyonu, biiyiime ve gelismelerinde birincil dneme
sahiptir. Bu durum buzagilarin sindirim sisteminin yapist ile yakindan iligkilidir (Kertz ve ark., 1998). Buzag:
sindirim sisteminin fizyolojik fonksiyonlarinin gelisimi ve kuru madde alimi, yemin fiziksel yapisi ile ilgilidir
(Greenwood ve ark., 1997; Villalba ve Provenza, 1999; Baldwin, 2000). Buzagilarin performansi sadece siit ikame
yeminin 6zelliklerinden degil, ayn1 zamanda kat1 yem partikiillerinin boyutu ve besleme seklinden de etkilenir
(Niwinska ve Strzetelski, 2005).

Tahil taneleri monogastrik ruminantlarda baslica nisasta kaynagidir. Buzagi baslangic yemlerinde en yaygin
nisasta kaynagi olarak; misir, piring, arpa, bugday, yulaf ve sorgum kullanilir (Huntington, 1997). Tahil tanelerinin
buzagilara baglangi¢c yemine dahil edilmesi; siit ikame yeminin tiiketimini azaltir ve erken siitten kesmeye olanak
saglar. Bu da buzagilarda besleme maliyetlerini diisiiriir, hayvanlarin bilylimesi ve gelisimi {izerinde pozitif bir
etki yaratir (Franklin ve ark., 2003). Besinlerin fermentasyonu sirasinda iiretilen ugucu yag asitleri (6zellikle
propiyonik asit ve biitirik asit), rumenin fiziksel gelisimini uyarmaktadir (Lesmeister ve Heinrichs, 2004). Rumen
gelisiminin ugucu yag asitleri ile uyarilmasi, rumen papillalarin ve mikrofloranin biiyiimesini tesvik eder (Baldwin,
1998; Lane ve ark. 2000). Onceki ¢alismalar (Nocek ve ark., 1984), yem pargaciklarinin yapisinin ve boyutunun
ruminal papillalarin biiyiimesini etkiledigini gostermistir. Greenwood ve ark. (1997) ince &giitiilmiis yogun
yemlerin, kaba ogiitiilmiis yemlere kiyasla, rumen epitel hiicrelerinde keratinizasyon yol agtigini bildirmistir.
Rumen mukozasinda sekillenen bu tip bir keratinizasyon; ruminal papillalarinin dalli ve diizensiz olmasina neden
olur. Bu durumda rumende ugucu yag asitlerinin emilimini olumsuz y6nde etkilenir. Diger taraftan, buzagilarin
biiyiik partikiillii ve farkli fiziksel formlara sahip yemleri tiketmeleri, rumenin anatomik gelisimi ve sagligi
tizerinde olumlu bir etkiye sahiptir (Lesmeister ve Heinrichs, 2004; Bach ve ark., 2007). Weglarzy ve Bilik (2008),
buzagilari dogumdan 6. giinden baslayarak toplam 90 giin siire ile tam yagl siit (185 kg hayvan, 6 haftaliktan
itibaren), misir ve yulafla beslemislerdir. Arastirmacilar, buzagilarda hem biiyiime hizinin hem de yem
degerlendirme etkinligini olumlu yonde etkilendigini bildirmislerdir. Lesmeister ve Heinrichs (2004), %33’
diizeyinde islem gdrmemis musir igeren buzagi baglangic yemi tiikketen buzagilarin 1sil islem gdrmiis misir ile
beslenen hayvanlara gore daha fazla yem tiikettiklerini ve canlt agirlik performanslarinin ise daha iyi oldugunu
bildirmistir.

Tahillarin buzagi yemlerinde kullaniminin etkinliginin arastirildigi calismalarin sayisi olduk¢a siirlidir. Bu
nedenle bu ¢alismanin amaci, buzagi baglangi¢c yemine ilave edilen biitiin misirin, buzagilarda canli agirlik, yem
tiiketimi ve yem degerlendirme etkinligi tizerindeki etkilerini incelemek amaciyla yiiriitiilmiistiir.

Materyal ve Yontem

Bu arastirma, Bursa Uludag Universitesi'ndeki yerel Hayvan Etik Komitesi (UUHADYEK) tarafindan
onaylanmistir (onay tarihi: 17.04.2018; no:2018-06/03). Denemede 39 Siyah Alaca buzag (20 disi, 19 erkek)
kullanilmistir. Buzagilar dogumdan 30 dakika sonra analarindan ayrilip bireysel bélmelere tasinmislardir. Bireysel
boélmelerine altik olarak saman kullanilmistir. Buzagilarin sagliklari diisiiniilerek altlik yonetimine &zen
gosterilmistir. Ilk 24 saatte buzagilarin, 6 L kadar kolostrum i¢meleri saglanmistir. Buzagilara 2. ve 3. giinden
itibaren kolostrum miktar1 buzagi basina giinliik 2 L olacak sekilde ayarlanmistir. Buzagilar bireysel bolmelere
alinmadan 6nce tartilmistirlar ve baglangi¢ canli agirliklar: ile cinsiyetleri dikkate almarak rasgele 2 gruba
ayrilmigtir. Dogumdan sonraki 3. giinden itibaren siit ikame yemi verilmeye baglanmistir. Tiim buzagilara 3 ile 14
giin, 15 ile 48 giin ve 49 ile 63 giinliik yasta giinde iki kez sirasiyla, 4 L, 6 L ve 3 L siit ikame yemi verilmistir.
Birinci grup hayvanlar siit ikame yemine ek olarak buzag: baglangi¢ yemi (Kontrol grubu) ile beslenmislerdir (10
disi ve 10 erkek). Ikinci grup hayvanlar ise siit ikame yemine ek olarak buzagi baslangic yemi ve musir ile
beslenmistir (10 disi ve 9 erkek). Kati yemler ve su buzagilara deneme boyunca sinirsiz olarak saglanmustir. Siit
ikame yemi verilmeden once 1lik suda ¢oziindiiriilmistiir. Siit ikame yemi 220 g ham protein, 160 g yag, yeterli
miktarda mineral ve vitamin icermistir. Peletlenmis buzagi baglangi¢ yeminin bilesenleri ve bilesimi, Cizelge 1'de
verilmistir.
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Cizelge 1. Peletlenmis buzag baslangi¢ yeminin bilesenleri ve bilesimi

Table 1. The components and composition of the pelleted calf starter feed

Hammaddeler % Besin Maddeleri %
Misir 22.5 Kuru madde 85.57
Irmik alt1 unu 20 Ham protein 19.7
Arpa 12 Ham seliiloz 4.78
Keten tohumu kiispesi 11.55 Ham yag 3.84
Misir-DDGS 9.77 Ham kiil 6.84
Misir gluten kiispesi 60 7.04 Nisasta 31.81
Kolza tohumu kiispesi 33 6 NDF 17.22
Melas 4 ADF 7.19
Piring kepegi 3 ADL 2.6
Mermer tozu 1.6 NFC 43.71
Sodyum bikarbonat 1

Tuz 0.4

Magnezyum oksit 0.4

Franksiyonize yag 0.33

Premiks 0.2

Maya 0.15

Toksin baglayici 0.06

NDF, nétr deterjanda ¢oziinmeyen lif; ADF, asit deterjanda ¢oziinmeyen lif, ADL, asit deterjanda ¢dziinmeyen
lignin; NFC, lif olmayan polisakkaritler

Deneme kullanilan misir 71 g kg™t ham protein, 15 g kg ham seliiloz ve 641.9 g nisasta icermistir. Kat1 yemler
giinliik olarak tartilarak hayvanlara verilmis ve ertesi giin kalan yem tartilarak not edilmistir. Boylelikle giinliik
tiikettikleri kati yem miktarlar1 hesaplanmigtir. Buzagilarin canli agirliklar: ve boylari haftalik araliklarla yapilan
Ol¢timler ile belirlenmistir. Hayvanlarin boylar1 6l¢li seridi kullanilarak belirlenmistir. Yemden yararlanma
etkinligi kuru madde tiiketiminin giinlik canli agirlik artisina oranlanmasi ile elde edilmistir. Saglik kayitlart
diizenli olarak tutulmustur. Bélgenin iklimi tipik olarak 1liman bir kis ve 1lik ve kuru bir yaz olan Akdeniz iklimidir.

Tiim veriler, SPSS paket programinda Genel Lineer Modelde En kiigiik Kareler Metodu kullanilarak analiz
edilmistir. Yem tiiketimleri giinliik olarak belirlendiginden tekrar eden 6lglimlii deneme desenine gore analiz
edilmistir. Canl1 agirlik, canli agirlik artis1 ve yem degerlendirme etkinligi haftalik olarak 6l¢iildiigiinden 2 faktorlii
[cinsiyet (disi ya da erkek) ve muamele (misir danesi igermeyen kontrol grubu ya da misir danesi igeren muamele
grubu)| tesadiif bloklart deneme desenine goére analiz edilmistir. Gruplar arasinda Onem seviyelerinin
belirlenmesinde Tukey testinden yararlanilmistir.

Bulgular ve Tartisma

Buzagilarin dogum boylar1 ve agirliklari {izerinde; cinsiyet, muamele ve muamele x cinsiyet interaksiyonunun
etkileri 6nemsiz bulunmustur (Cizelge 2, P>0.05). Benzer sonuglar deneme sonundaki boy ve canli agirliklarda
da gozlenmistir. Sonugta, deneme boyunca buzagilarin boylari, canli agirliklar1 ve giinliik canli agirlik artislar:
tizerinde cinsiyet, muamele ve muamele X cinsiyet interaksiyonunun etkileri nemsiz bulunmusgtur (P>0.05). Tiim
buzagilar beklenen normal canli agirlik artis dagilimini gostermistir. Coverdale ve ark. (2004) ile Khan ve ark.
(2007) yaptiklar1 benzer ¢aligmalarda da misir ile beslenen buzagilarin viicut uzunluklari ve canli agirliklarinin
degismedigini tespit etmislerdir. Diger taraftan, Weglarzy ve Bilik (2008), 90 giinliik deneme siiresince biitiin
mustr ve yulaf tahillarini igeren rasyonla beslenen buzagilarin (804 g giin'') kontrol grubu rasyon (740 g giin™?) ile
beslenenlere gore yaklagik olarak % 9 daha fazla canli agirlik kazandiklarini bildirmislerdir. Benzer sonuglar,
Lesmeister ve Heinrichs (2004) arastirmasindan da elde edilmistir. Ad1 gecen arastirmada, islem goérmemis biitiin
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musir ile beslenen buzagilarm (469 g giin™) 1s1l islem gdrmiis musir ile beslenen buzagilara (433 g giin?) kiyasla
biraz daha fazla giinliik canli agirlik kazandiklarini gozlemlemislerdir.

Tim buzagilar deneme siiresince esit miktarda siit ikame yemi (mama) tiiketmis ve siit ikame yemi (mama)
tilketiminde ne gruplar arasinda nede cinsiyetler arasinda bir farklilik belirlenmemistir (P>0.05). Deneme boyunca
biitiin musir ile beslenen buzagilarin kuru madde tiiketimleri kontrol grubu buzagi yemini tiiketenlere gore daha
yiiksek tespit edilmistir (P<0.01). Kuru madde tiiketimi {izerinde cinsiyet ve muamele x cinsiyet interaksiyonunun
etkileri 6nemli oldugu belirlenmistir (P<0.01). Erkek buzagilarin kuru madde tiiketimleri disi buzagilardan daha
yiiksek olmustur (P<0.01). En yiiksek kuru madde tiikketimi biitliin musir ile beslenen erkek buzagilarda
gergeklesmistir (P<0.01). Benzer sonuglar Lesmeister ve Heinrichs (2004) tarafindan da elde edilmistir. Tahil
danelerinin fiziksel formu, kuru madde tiikketimini, rumendeki UYA’leri iiretimini ve amonyak seviyesini
etkilemektedir (Lesmeister ve ark., 2004). Misir ile beslemenin kuru madde tiketimini tegvik ettigi
bildirilmektedir. Bu durum; musir ilave edilen buzagi baslangic yemlerinin buzagilar tarafindan daha lezzetli
bulundugu ve hayvanlarin bu yemleri daha fazla tiikettiklerini gostermektedir (Khan ve ark., 2007; Weglarzy ve
Bilik, 2008). Khan ve ark. (2007) buzagi baslangi¢ yemi tiiketiminin musir ile beslenen buzagilarda bugday, arpa
ya da yulaf ile beslenen buzagilara gére daha fazla oldugunu (P<0.05) tespit etmiglerdir. Yem degerlendirme
etkinligi tizerinde cinsiyet, muamele ve muamele x cinsiyet interaksiyonunun etkileri dnemli bulunmustur (Cizelge
2, P<0.01). Deneme boyunca musir ile beslenen buzagilarin (1.36) yem degerlendirme etkinlikleri kontrol grubu
buzagi yemini tiiketenlere (1.17) gore %14 diizeyinde artis gostermistir (P<0.01). Erkek buzagilarin yem
degerlendirme etkinlikleri disi buzagilardan %7 oraninda daha yiiksek bulunmustur (P<0.01). En yiiksek yem
degerlendirme etkinligi misir ile beslenen erkek buzagilarda gergeklesmistir (1.46, P<0.01). Weglarzy ve Bilik
(2008), 90 giinliik deneme siiresince biitiin misir ve yulaf tahillarini i¢eren rasyonla beslenen buzagilarin yem
degerlendirme etkinliklerini kontrol rasyonunu tiiketen buzagilara gore daha yiiksek bulmuslardir. Misir ve
sorgum, diger baz1 tahillar (bugday, arpa ve yulaf) ile karsilastirildiginda rumende daha yavas fermente olurlar
(Swan ve ark., 2006). Biitiin misirin diger tahillara nazaran daha yavas sindirim oranina sahip olmasi, rumeni
gecerek by-pass olan nisasta miktarini artirabilecegini diisiindiirmektedir. ince bagirsakta sindirilen nisasta,
sindirim son {iriinlerinin (glukoz ve UY A) daha verimli kullanilmasi nedeniyle daha fazla enerji elde edilir. Bunlar
da performansi ve yem tiiketimini olumlu etkileyen unsurlardandir (Swan ve ark., 2006).

Cizelge 2. Musir iceren buzagi baslangic yeminin buzagi performansi iizerine etkisi

Table 2. The effect of whole corn supplemented starter feed on the calves performance

Canli Kuru

Dogum  Canli - Yem Yem
Parametreler Boy oL 5 agirhik O madde . .
agirhgr  agirlik tiketimi e degerlendirme
artisi tiiketimi . e
etkinligi
cm kg kg kg gin? kggin! kg giin?
Muamele
Kontrol 85.07  40.00 64.97 1.29 1.45a 1.24b 1.17b
Deneme 86.55  39.35 64.92 1.34 1.23b 1.05a 1.36a
SHO 1.34 0.85 1.85 0.03 0.13 0.01 0.07
P degeri 0.07 0.68 0.94 0.91 0.08 <.001 <.001
Cinsiyet
Disi 86.25  38.75 63.55 1.28 1.32b 1.13b 1.22b
Erkek 85.40  40.63 66.41 1.34 1.36a 1.16a 1.31a
SHO 0.56 0.80 1.84 0.03 0.01 0.01 0.07
P degeri 0.32 0.13 0.28 0.60 0.39 <.001 <.001
Muamele*Cinsiyet
Kontrol Disi 83.78  39.67 64.20 1.29 1.48a 1.04c 1.18c
Erkek 86.52  40.30 65.67 1.35 1.23c 1.05¢ 1.15¢
Deneme Disi 86.03  38.00 63.00 1.28 1.41b 1.21b 1.27b
Erkek 87.19  41.00 67.24 1.33 1.22¢ 1.27a 1.46a
SHO 0.72 1.94 2.44 0.04 0.02 0.04 0.01
P degeri <.001 0.32 0.60 0.45 0.11 <.001 <.001
SHO, Standart hata ortalamas1
Sonuc¢
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Bu g¢alismanin sonuglari, ilave misirin fiziksel formunun buzagi performansini etkileyebilecegini
gostermektedir. Stvi yem tiiketimi (kolostrum, siit ikame yemi) siiresince (yani ilk 60 giin), misir igeren bir
rasyonla beslenen buzagilarin daha iyi performans gosterdigi ve daha fazla yem tiikettikleri gdzlenmistir.
Muhtemelen bunun nedeni, misir ile beslemenin buzagilarda rumenin anatomik gelisimine katki saglamasi ve
rumende misirin fermantasyonu sonucunda iiretilen UYA’lerinin rumen sagligini olumlu yonde etkilemesidir.
Ancak buzagilarin en az 5-6 aylik yasa kadar takip edildigi veya rumen epitel doku gelisiminin incelendigi
calismalarin yapilmasi gerektigi diigiiniilmektedir.

387



Sucu & Giilgiin & Okumusg
Bagslangi¢ yemine ilave edilen misirin siyah alaca buzagilarda yem tiiketimi ve biiyiime performans: tizerine etkisi

Kaynakca/References

Anderson K.L., Nagaraja T.G., Morrill J.L., Avery T.B., Galitzer S.J. and Boyer J.E. 1987. Ruminal Microbial Development in Conventionally
or Early-Weaned Calves. Journal of Animal Science, 64: 1215-1226.

Bach A., Giménez A., Juaristi L., Ahedo J. 2007. Effects of Physical Form of a Starter for Dairy Replacement Calves on Feed Intake and
Performance. Journal of Dairy Science, 90: 3028-3033.

Baldwin R.L. 1998. Use of Isolated Ruminal Epithelial Cells in the Study of Rumen Metabolism, Journal of Nutrition, 128, 293s-296s.
Baldwin R.L. 2000. Sheep Gastrointestinal Development in Response to Different Dietary Treatments. Small Ruminant Research, 35: 39-47.

Baldwin R.L., Vi-McLeod K.R., Klotz, J.L. and Heitmann R.N. 2004. Rumen Development, Intestinal Growth and Hepatic Metabolism in the
Pre-And Postweaning Ruminant. Journal of Dairy Science, 87: E55-E65.

Coverdale J.A., Tyler H.D., Quigley J.D., Brumm J.A. 2004. Effect of Various Levels of Forage and Form of Diet on Rumen Development
and Growth in Calves. Journal of Dairy Science, 87: 2554-2562.

Franklin S.T., Amaral-Phillips D.M., Jackson J.A. and Campbell A.A. 2003. Health and Performance of Holstein Calves That Suckled or Were
Hand-Fed Colostrum and Were Fed One of Three Physical Forms of Starter. Journal of Dairy Science, 86: 2145-2153.

Greenwood R.H., Morrill J.L., Titgemeyer E.C., Kennedy G.A. 1997. A New Method of Measuring Diet Abrasion and Its Effect on the
Development of the Fore-stomach. Journal of Dairy Science, 80: 2534-2541.

Huntington, G.B. 1997. Starch Utilization by Ruminants: From Basics to the Bunk. Journal of Animal Science, 75: 852-867.

Kertz A.F., Barton B.A., Reutzel L.F. 1998. Relative Efficiencies of Wither Height and Body Weight Increase from Birth until First Calving
in Holstein Cattle. Journal of Dairy Science, 81: 1479-1482.

Khan M.A., Lee HJ., Lee W.S,, Kim H.S., Kik S., Park S.J., Ha J.K., Choi Y.J. 2007. Starch Source Evaluation in Calf Starter, |. Feed
Consumption, Body Weight Gain, Structural Growth, and Blood Metabolites in Holstein Calves. Journal of Dairy Science, 90: 5259-5268.

Lane M.A., Baldwin R.L., Jesse B.W. 2000. Sheep Rumen Metabolic Development in Response to Age and Dietary Treatments. Journal of
Animal Science, 78: 1990-1996.

Lesmeister K.E., Heinrichs A.J. 2004. Effects of Corn Processing on Growth Characteristics, Rumen Development, and Rumen Parameters in
Neonatal Dairy Calves. Journal of Dairy Science, 87: 3439-3450.

Niwinska B., Strzetelski J. 2005. Effects of Type of Liquid Feed and Feeding Frequency on Rumen Development and Rearing Performance of
Calves. Annals of Animal Science, 5: 125-134.

Philippeau, C., Le Deschault de Monredon F. and Michalet-Doreau B. 1999. Relationship between Ruminal Starch Degradation and the
Physical Characteristics of Corn Grain. Journal of Animal Science, 77: 238-243.

Swan C.G., Bowman J.G.P., Martin J.M., Giroux M.J. 2006. Increased Puroindoline Levels Slow Ruminal Digestion of Wheat (Triticum
aestivum L.) Starch by Cattle. Journal of Animal Science, 84: 641-650.

Theurer C.B., Lozano O., Alio A., Delgado-Elorduy A., Sadik M., Huber J.T., Zinn R.A. 1999. Steam-Processed Corn and Sorghum Grain
Flaked at Different Densities Alter Ruminal, Small-Intestinal, and Total Tract Digestibility of Starch by Steers. Journal of Animal Science,
77:2824-2831.

Villalba J.J. and Provenza F.D. 1999. Effects of Food Structure and Nutritional Quality and Animal Nutritional State on Intake Behaviour and
Food Preferences of Seep. Applied Animal Behavior Science, 63: 145-163.

Warner R.G. 1991. Nutritional Factors Affecting the Development of a Functional Ruminant. A Historical Perspective. In: Proceeding Cornell
Nutrition Conference Cornell University, Ithaca, USA, 1-12.

Weglarzy K. and Bilik K. 2008. Effect of Diverse Feeding Regimes on Rearing Performance of Holstein-Friesian Red Heifer Calves. Annals
of Animal Science, 2: 145-154.

388



