’ sloghaghy
Journal of Animal Science Research / vol.36 No.2/ 2026/pp 77-104 ol @olc

[Animal Science " Research |

Interaction effect of corn grain physical form and monensin level on
performance of Holstein dairy calves

K Mersadi !, F Fatahnia >*, M Kazemi — Bonchenari 3, M Shamsollahi 4, H Jahani-Azizabadi ° and J
Jamali 4

Received: 2024-03-01 Revised: 2025-05-02  Accepted: 2025-06-10
' Ph. D Student, Department of Animal Science, Faculty of Agriculture and Natural Resources, [lam University,
Ilam, Iran
2 Professor, Department of Animal Science, Faculty of Agriculture and Natural Resources, [lam University, [lam,
Iran
3 Professor, Department of Animal Science, Faculty of Agriculture and natural Resources, Arak University,
Arak, Iran
4 Assistant Professor, Department of Animal Science, Faculty of Agriculture and Natural Resources, Ilam
University, llam, Iran
3 Associate Professor, Department of Animal Science, Faculty of Agriculture, University of Kurdistan,
Sanandaj, Iran
* Corresponding author: Email: f.fatahnia@ilam.ac.ir

Lﬂ = =
ol ggic 9% Journal of Animal Science Research / vol.36 No.2/2026/pp 77-104
[ saui\_// Research_| https://animalscience.tabrizu.ac.ir

© 2009 Copyright by Faculty of Agriculture, University of Tabriz, Tabriz, Iran
This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-nc/2.0/)
DOI:10.22034/A5.2026.70293.1796

Introduction: Improving growth and reducing mortality in dairy calves and heifers can have
significant effects on the long-term productive and reproductive performance and profitability of
dairy enterprises. The most important factors affecting mortality, survival, growth, and performance
of dairy calves include nutrition, vaccination programs, housing conditions of the dam, management
practices at calving, care of the newborn calf, and rearing management from birth to weaning,
including nutrition, hygiene, and housing.

Cereal grains are among the most important components of calf starter diets. Compared with other
feed ingredients, cereal grains have a greater influence on ruminal epithelial development because
their fermentation by ruminal microorganisms produces substantial amounts of volatile fatty acids
(VFAs). The absorption and metabolism of these nutrients stimulate the growth and development of
the ruminal epithelium, thereby affecting starter feed intake and the appropriate timing of weaning.
Corn grain is the major cereal grain used as a source of starch in calf starter diets. Corn starch is
degraded in the rumen at a slower rate than the starch in barley and wheat. Steam flaking is one of
the important methods used to process cereal grains. Feeding whole grains increases particle size and
may improve ruminal health, potentially resulting in improved performance in dairy calves.

The beneficial effects of monensin in ruminant nutrition include improved feed utilization efficiency,
increased milk production, reduced methane production, decreased digestive disorders such as
ruminal acidosis and bloat, reduced metabolic disorders such as ketosis, improved energy balance,
enhanced immune function, reduced ruminal degradation of proteins and amino acids, reduced lipid
hydrolysis, and decreased biohydrogenation of unsaturated fatty acids in the rumen.

Therefore, the objective of this study was to evaluate the interactive effects of corn grain physical
form (whole vs. steam-flaked) and monensin supplementation (0 vs. 40 mg/kg DM) in starter diets
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on growth performance, skeletal growth indices, ruminal fermentation characteristics, urinary purine
derivatives, microbial protein synthesis, and plasma metabolites in Holstein dairy calves.

Materials and Methods: Forty-eight newborn Holstein female calves (3 days old; average body
weight [BW] = 41.4 + 1.6 kg) were divided into four groups (n = 12 calves/group) and randomly
assigned to one of four experimental starter diets:).Whole corn grain without monensin (WCG-
NM);2.Whole corn grain with 40 mg monensin’kg DM (WCG-M);3.Steam-flaked corn without
monensin (SFC-NM); and4.Steam-flaked corn with 40 mg monensin/kg DM (SFC-M).Calves were
fed a fixed amount of milk from days 1 to 63 and had ad libitum access to water and starter feed from
days 1 to 83. Starter feed intake was measured daily for each calf throughout the experimental period
by subtracting feed refusals from the amount offered. Rumen fluid (approximately 13 mL) was
collected 23 h after the morning feeding on days 45 (pre-weaning) and 80 (post-weaning) using a
stomach tube connected to a vacuum pump. Spot urine samples (approximately 5 mL) were collected
in the morning (09:30—11:30 h) and afternoon (14:30-16:30 h) for four consecutive days (days 79—
82) during the post-weaning period when calves urinated spontanecously. Blood samples were
collected on days 46 (pre-weaning) and 82 (post-weaning), 3 h after the morning feeding (at 12:00
h), from the jugular vein into 10-mL tubes. Samples were immediately placed on ice and centrifuged
at 3,000 x g for 20 min at 4°C. Serum glucose, total protein, and urea nitrogen concentrations were
determined using commercial kits (Pars Azmoun Co.) and spectrophotometric methods. Serum beta-
hydroxybutyrate concentration was also determined using a commercial kit. Insulin concentration
was measured using a commercial assay kit and an ELISA reader. Rumen fluid pH was measured
immediately after collection using a pH meter. The samples were then filtered through four layers of
clean cloth. A 6-mL aliquot of each filtered sample was mixed with 1.5 mL of 2% metaphosphoric
acid and stored at —20°C. After thawing, total volatile fatty acid concentration and the molar
concentrations of propionate and butyrate were determined by gas chromatography according to the
recommended procedure. The acetate-to-propionate ratio was subsequently calculated based on the
molar concentrations of acetate and propionate. For the determination of ammonia nitrogen, rumen
fluid samples were thawed at 4°C and centrifuged at 15,000 rpm for 20 min. The ammonia nitrogen
concentration was then determined using a spectrophotometric method.

Results and Discussion: Starter dry matter intake (DMI) during the pre-weaning and post-weaning
periods, milk DMI, and total DMI were not affected by the experimental diets (P > 0.05). Similarly,
experimental diets had no significant effect on average daily gain (ADQG) or feed efficiency (FE)
during the pre-weaning, post-weaning, or overall experimental periods (P > 0.05). Calves fed the
SFC-M starter diet had greater BW at weaning than calves in the other treatment groups (P < 0.05).
The experimental diets had no significant effect on body length, heart girth, or hip width at weaning
or at the end of the experimental period (P > 0.05). However, withers height and hip height at both
weaning and the end of the study were greater in calves receiving the SFC-M starter diet than in those
receiving the other diets (P < 0.05). Ruminal pH, ammonia nitrogen, and butyrate concentrations
during both the pre-weaning and post-weaning periods were not affected by the experimental diets (P
>0.05). The SFC-M diet increased total ruminal VFA concentration during both the pre-weaning and
post-weaning periods and increased ruminal propionate concentration during the pre-weaning period.
In contrast, it decreased ruminal acetate concentration and the acetate-to-propionate ratio during the
pre-weaning period compared with the other diets (P < 0.05). Urinary excretion of creatinine,
allantoin, and uric acid, as well as microbial protein synthesis, was not affected by the interaction
between corn grain physical form and monensin supplementation (P > 0.05). Plasma concentrations
of glucose, beta-hydroxybutyrate, urea nitrogen, and total protein during both the pre-weaning and
post-weaning periods were not affected by the experimental diets (P > 0.05). The highest plasma
insulin concentration was observed in calves fed the SFC-M starter diet compared with those
receiving the other diets (P < 0.05).
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Conclusion: Under the conditions of the present study, feeding a starter diet containing steam-flaked
corn and monensin improved selected growth performance and skeletal growth parameters in
Holstein dairy calves. In particular, calves receiving the SFC-M diet had greater body weight at
weaning, greater withers and hip heights, and higher plasma insulin concentrations than calves
receiving the other experimental diets.

Keywords: Dairy calf, Starter diet, Corn grain, Monensin, Growth performance.
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Tablel- Ingredients and chemical composition of experimental starter diets

Treatments'

Whole corn grain

Steam-flaked corn grain

Item

WM M WM M
Ingredient (/. of DM)
Whole corn grain 59.7 59.7 0 0
Steam-flaked corn grain 0 0 59.7 59.7
Soybean meal 33.1 33.1 33.1 33.1
Dicalcium phosphate 0.6 0.6 0.6 0.6
Calcium carbonate 1.5 1.5 1.5 1.5
Sodium bicarbonate 1.8 1.8 1.8 1.8
Salt 0.6 0.6 0.6 0.6
Magnesium oxide 0.5 0.5 0.5 0.5
Mineral and vitamin supplement containing monensin 2 0 2.2 0 2.2
Mineral and vitamin supplement without monensin * 2.2 0 2.2 0
Chemical composition (% of DM, unless otherwise indicated)
Dry matter 89 89 89 89
Crude protein 22.3 22.3 22.3 22.3
Metabolizable energy (Mcal/kg 0f DM) 3.08 3.08 3.08 3.08
Ether extract 2.9 2.9 2.9 2.9
Neutral detergent fiber 13.5 13.5 13.5 13.5
Non fiber carbohydrate 54.2 54.2 54.2 54.2
Starch 43.06 43.06 43.06 43.06
Calcium 0.88 0.88 0.88 0.88
Phosphorous 0.43 0.43 0.43 0.43

IWM: without monensin, M: 40 mg monensin/kg of DM.

2- Each kg of mineral and vitamin supplement contained 500,000 IU of vitamin A, 200,000 IU of vitamin D3, 550 IU of vitamin E, 50 g

of calcium, 3,500 mg of zinc, 15 g of potassium, 25 g of phosphorus, 17 g of magnesium, 12 g of sodium, 2 g of sulfur, 4,500 mg of

manganese, 70 mg of cobalt, 250 mg of copper, 70 mg of iodine, 25 mg of selenium and 180 mg of monensin.

3- Each kilogram of mineral and vitamin supplement contained 500,000 international units of vitamin A, 200,000 international units of

vitamin D3, 550 international units of vitamin E, 50 grams of calcium, 3,500 milligrams of zinc, 15 grams of potassium, 25 grams of

phosphorus, 17 grams of magnesium, 12 grams of sodium, 2 grams of sulfur, 4,500 milligrams of manganese, 70 milligrams of cobalt, 250

milligrams of copper, 70 milligrams of iodine, and 25 milligrams of selenium.
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Table 2 - Effect of corn grain processing method (whole grain vs. steam-flaked grain) and monensin level (0 vs. 40 mg/kg of DM) on means of dry matter
intake, daily weight gain, body weight, and feed efficiency in Holstein dairy calves

Item Treatments P-value
Whole corn grain Steam-flaked corn grain

Without monensin Monensin Without monensin Monensin SEM PM MO PMxMO
Starter feed intake, g/d
Pre-weaning (d 3-63) 596 649 731 776 67.3 0.05 0.46 0.95
Post-weaning (d 64-83) 2097 2140 2125 2216 43.8 0.24 0.13 0.56
Entire period (d 3-83) 971 1022 1079 1136 82.7 0.18 0.52 0.97
Milk intake, g/d 639 640 639 637 18.17 0.86 0.79 0.86
Total dry matter intake (milk + starter),
Ig’/ri-weaning (d 3-63) 1236 1283 1370 1416 65.5 0.04 0.49 0.99
Average daily gain, g/d
Pre-weaning (d 3-63) 572 604 616 685 26.8 0.02 0.05 0.49
Post-weaning (d 64-83) 776 780 829 855 314 0.04 0.67 0.73
Entire period (d 3-83) 623 648 670 727 23.1 <0.01 0.08 0.47
Body weight, kg
Initial (d 3) 41.6 41 41.8 41.4 0.53 0.73 0.48 0.77
Weaning (d 63) 76.1¢ 77.4% 78.8° 82.6° 0.91 <0.01 0.02 0.04
Final (d 83) 91.6 93 95.4 99.7 1.43 <0.01 0.03 0.10
Feed efficiency!
Pre-weaning (d 3-63) 0.49 0.53 0.50 0.54 0.03 0.98 0.25 0.93
Post-weaning (d 64-83) 0.37 0.36 0.39 0.39 0.01 0.15 0.78 0.93
Entire period (d 3-83) 0.46 0.49 0.47 0.50 0.03 0.83 0.28 0.94

kg of body weight gain/kg of total dry matter intake
2°In each row means differ significantly if they do not share a common letter (p < 0.05). SEM= Standard error of means, PM= Processing method, MO= Monensin



\\"&le /Y O)Lo..f) \rd ..\l> /&ol.) P}lf— dlbuubs))

LS a1 B 5o o glis (g8 gun B Wl B e S ol
Losad 45 gladlu S 5o @l Gos Giulbdl o
wlio Ho jln Lsnd Slo oyl wls sula slas o
I ala Gyl Hu e Jol€ €ls sola glaspa U
G s daa o aal aals aline ¥ Wl e
JS cble Gial38) (¥ Jgaa) Saa sole B pae (il
oSS 0By B (¥ Jsaa) L8 coa slaasal
pos Ol ge) 5 5SS ke (a3l 5 (0 Jsan) Sl
oala Gledl wmln b Glie oS aslal (¢ Jsus)
059 ol s (VF-F) GlSea 5 plinelin gal
o9 otaladl o, US 5 (oS oad 51 Gy 8599 L8 Gl
Lelio o Grea go (sola oy b sad a3 sladdla S
09958 Ll i S (EL1S 1) Ganige s slas ua b
OLSan 5 s pialesl oSGl ssum @ (e
sladlu S @y, oos ol » @86 (ay-y-)
SoSoad ) Gy 8559 L9 Olss sladl S 5 Hlsa
Jole Szl sule (B yume (VY OLKaa 5 55) ol
sladla £ €lis, 0o ol 5 ad, 5 S ol
OtaledT Hu (Yo VY e il dons o) wlipo Olsa
Gleo 03 Ol Gass GleSs (BY-Y+) llSea 5 55
09 O se (s gla slaesan b sad 435 gladlu £ 50
o2 Lo saa 80 aae b (e go G gy sbas o b i
rala GileyT Hulel ity Sl saan KA sols b yuma
s (VFF) OLlKan 5 oligeli acl GhaledT
L e g0 0038 il o sladdln s 50 s 055 il 53]
Gl g0 slyan ST Lo KB suls hyens il
oo b st 0333 gladlla € 5o Stk sule L yemne
0% i go O g sLae s b slie 5o (el 9o sl
S G Lol ail o S guse 3 31 pala Giube)]
o8 Shhsa 5 saliia) sudl el sael ¥ Jgaa Lo
09 Opeiise ssla slaesua bosad ©i5 sladlu S
S Ol so9 L9 (pedige O sbaesas b il
S VL (saae Sl 51 (B0 a0 S 5 oS ek

saldil a3l 3 SLia sule L an (oue vl )8l g, oyl

A5, 039 vl
Glias 0os ol (Sl 5 cdule)T slas pua
PY B Y) oot 3l Gl 559 59 (nlidda gladl S
8559 IS 5 (S50 AT B AY) (osSond 5 Gy d((Sos0
il 38 ol 8ueT ¥ Jgan o (S0 AY B Y) Giole)y]
3 oS 3l G s Glag o0 Lo Ll S G55 05
Gy 555158 Ghas JalEie 31 580 cad (i suss S
Sobicul slassua (P>+/0) @S5 518 Gaalipe 5 @53
3 6l b o L Ll b st (Sl o3 Gl (gsla
8559 o3 el € il g, (00 Giulid) s sage el JolS
GBo50 8098 IS 5 soSond ) my soSond ) Gl
Siels 53500l s 4 paiige (o33l (P[4 0) was
S Gy 50 o Ladlu S @lig, os Gl s
8559 JSLa Gl Oos Ol (P<-/0) ad (5,8
sols Lo bosud 05 gladla S sl Ghose
L Joled (e go o slas s b dnlie Hu (i se
Sloso 0ds oyl G (P = JA) cals Galal
e s 5BB a3 (658508 3l Gy 85908 o Ladl S
OBoo b LSyl o (P2 0) @8 S S8 S350 s
Solid s s Huodle glaah (38 Ka b o8
L awwlio jo Jol€ @d dls o8 olea sladle S
GoSG (VoYY oKaa 5 suly J18) sud Gl o ,d <l
el Hleasud sladlu £ G, oo ol
cobes bosad Ol 0,3 ls 5 3Sla ol s s dle
s 680 (amus Voo 5 FF YY) JalS 3 Gl Cabid
o 5 Ol o9 Llsaoad ladlu S Gl 0oy ol
9 80kelS) wdmla (i 058 IS 5 oS ud
Sl 0 Sas slagialesT 5a aigan (Y- YY ol S0n
Seb 5T 0o S ol b anlio 5o 530 Lo d wls 6o S
Oolila Sl sud sladllo S Gl 5 05 Ol o s
sud ol slagioledl ook (VoY lKea 5 Sal))
Gl b 5l b osad Sl aud ala b sl JolS als b
sola Gl yT o Lol el sud dewslBe swd Olesl & y3
sud dwlio Hlas Lsnd Sl o,dalabo,d LS aly



\f'aJL«: /Y O)Lo..f) \rd Al> /@Ib P}LC— dlﬁu‘.\bsf

ul)&.o.h5‘5.)l.\o)n Qe

Olsa sladle € s 005 otalodl 2l T 6o S Olaal
5 o)) i Gmleyl oLl s oS gl e
Jol€ @la b osad ol slagiabesl o (Y-YF LK
obwl ood Gl b Jln bsas (Sl ood ala b oyl
JolS @ils Lasla GialedT o Lol cocal a0 deaslio sud
48 creal st dmlio S b st Slg ol 6l b ol
Lol oS dan 5 1) mll jo o glis (gogaas B w3l 65 o0
9 @Baelin ganl Gubedl Lo als Gule)] @l
ol sy 4 Gaadise Gl (VEY) lolSes
Sled 08 O 0oy OBl sels Hledsad sladla S
3 35 otledl Lo Ll s GalesT oLk 5 oSl
O 05 6ol Gaedise (a¥eY:) ollSes
3 88) soSomd Ol U Lo Llsea gladla S
OolSea 5 55) Oloa B gladla S 5 (Y- V- o))lKan
sad 035 sladlu S 5o SYL s ooy -ondlas (BY - Y-
ool Lsnd Sloy i o gl G500 s b
ONin s oaledl slas san saleo b dnlio o (s g
Slea als LU, gl 5o Sl 51edS i lyd o
K ocble s o saalde £ 5 ¥ Joaa o S S
shle 5 wass 5o clamon o 08 cor slawl
Lo s S b b delio 5o el S 6ol psen Gl s
wa g 1 ol oo 5L Gw s ages B aS o p Sid
Oiuld) Eels Hln b edle @l o S (Sgs 1) 0 o
Lold slapsl )l Sue sl sdie olge oo
oRalS L 55 Gaiise 5 (VAAY O 5Sla) 0 s e
SaS (s33e 3l ge 31 a0l o g 4 oslaal lanul s
a5 slag S Hlee b Gaaiise (YY) NRC) uiS o
Bl GRAS 5 855 wdaS GRS (SESY sl suiS
9 S 59 sredS dugy Ll s sl 4 Wl e b
oblsa 50 055088 5 @55 5 saldil susl 8sug
ol (Yo ) ol 5 3 SSa) WS (S ki€l yits
Sblsan 59 0w 050 5 Do 0o Uil s SIS e 55

Al ddls calie H86 lsa

Wl 55 o Gyl g0 8088 =8l 0 sladdl S 0 S a5
wa g 1y gl o s, G Gl Sse sagas B
(553 o) OB o laaswl JS cbile ok 5l aS
290500 550 S o (¥ Jsaa) ouSoad 51 Gl 5o
09 Omaige b osad 45 gladlu S 50 (0 Jyan)
S oals bl o Bls Guaiige ase b awlie
Ol o8 Wlbes 050 ol s o lelse 1Bl g3 e
F Usin oo S 6550 ol s asdle il Ll £
Ol 38 Eiels s g (s gla (sLas a3 pme cacl sue]
U8 Lo Ldle € asw galsdl 5 KK bz
23 61555 058 ORI sse 4 Bl S e S 0l 58
Db o gl il Gal bl bdla € ol
6503 olie ipge SR L sl en 4aald 5o o0k il 5
pie (e Sl 5o sadd S (o9 Sae (95
3 S sladlu 8 glacil sl sl slasl
(VoYY Gle olidal diugo) wias oo S35 15 Glsa
sor 28l g ladaaale & 5SS 055 il b ol s
ady Jla Ho oblsna Ho yig s, 008 ol el
(Y oA usaens 95515 5 Kol K1) o g oo

0% 009

Oled o Ll € us 055 s eubell slas s 3
59 (S50 AY) GisbesT SLL 5 ((Souu #Y) oS
LA gladln S as o5 ool saddi sols LES Y Jgaa
DL b sa Sl b 1o osla ioliad opm b sat

Las 5 oS soles b dinlie 5o (50850 (Lo 5o Cpeaiiise

bl 1 b B GinlesT sty 5 5 (P /+0) sk
soliicl ane b dewlio Hu Gueaid go 5l sulaial (P=+/Y+)
‘U‘JL\ uu:;G.A JJJL:J‘JA..L—Z ‘55-‘\9’-\: CAJ;\ Q‘JJQTJ‘
Oled oo Ll £ s (55 Gl el JolS )53
Gl ) sulail (P<-/+0) ad GolesT oLL 5 oS su
slaginlesT 5o sad bl Glo b dawlie Hu Jol€ &)
OLoKaa 5 0 B0l XYY LK 5 sul) 8) S
Soaoad sladlin s s 55 o 3Gl e jum Ha (Y- YY
Loawslio Hu oud dlo oS (S bl cals 5,86



2 pliiln (6pud (aallusS 3 Slae 5kl 0y ppuiiign o 5 3 Al (Sojb JS5 blite I

G 1 Sl ol T cacd ey 4,56 SIa )
5 LRl wols bLS,) spa olaS5 5 conae
805 asage (V20 A) QLS 5 5lass 5 (V-1 V) OllSes
e 4y e go 31 ouliieal ey Lo ST ) soliiol
Sl s mle Lo b con sbaad @I Ly
aa Shasols bLs )l (oS e s ol (ualS 5 b sy g
wor Ll &I 5o s a2 ple Guala Gale)T o
Slas a U sud 4333 ladlln € e mbe 5o Ll
S‘JJ& )‘ sulail be)L.' BE) ‘_;JJLQS e g0 6J‘A
Ol (Y- YY) LKaa 5 ol sal ol ais sualin
JLos & 5 Sl 5o Gl w95 JRaIS 5 Slign g5 w53
el sl o S ) suliia) sudle Gl of
o856 ase Yo 31 (SO wa S OIS e 9o s0S
L;LA‘L“.u\;i BE) S‘JJ& :)‘ suldi) bA:)L] P O g
Gole gola las i o Ol s 155 als bLS))
)fj\l ‘a.\.c. (Y* -y «S‘))ls K] (5JJ§‘J[A3|) C;\-A-U‘ JL.Z:\.\
o S‘)J.& J‘ sulaigl bd:)l_f > U.J.eLAJT (5‘.&5‘)::.;
KA sule Gyuan Guss Olass 4 Gl oo |y Ladle S
1533 (Y dsaa) als B, lagT s aliss o ol
sale L yuan Hlats wda g b Slysa 51 sulail su)b

SlSad adiy slagadlis
sUge 5 o gl ol gun o) (as Sl a5 90
390 (Soss ¥) obedl pasd 5o Ll S (s
(S350 AY) GtalesT o509 OLL 5 (S50, 7Y) oS
NV P L PRRPRUR VN PV WIS PRIRCUMBNVY | Y PRENSY
256 a3 GhledT Lk 5 oS oley Lo Ladllu S
2,88 18 a5 @53 Bl (555158 Ui, Jalaie 3!
Wape 559 53 S3obsl ey 4 aeil g0 (8 9531 (P> /- 0)
Oled oo Ladl S s Gligy 5 gyl 5 oo Job
o9 (P>+/+0) sl 5556 GhaledT GLL b oS out

1 oS e 590 o0 Ll S ol gua pla3 ) S S 5um

Sy 9a 3 ouliie oals
59 Shosa 3l soliied sudb L adulesT slaspa
PY B Y) oot 3l Gl 0559 50 (nlidda gladle £
8559 IS 5 (S50 AT B AY) (osSond 5 Gy d((Sos0
5030 ol 30T ¥ Jgaa o (LS50 AY B Y) Siole)]
S 5 oSt 5 g 5 Ol 0599 58 Sl Bl solaial
s 2,3 ls (555158 Ghgs LEB @aS (B0 85
<55 L8 lagl liie S5 5 S350l s s g
Gl (S8 JSb) 55158 s b bLS,) 5 (P>4/40)
JolS @il 5l suliinl uala GiuleT mlis YA 5 odle
50950 oinlesl Hosad Olwl oL Gl sla ol
sol@ial 5 (Y+VY) oKan 5 oaly 18 5 (V2VF) ol,Kan
ou sk ol ga Gl b dwlis o JolS sa @l )
833k 2 STl s 53 (YY) Ol 5 la Gl
S50 wds Lo gladlu o Shsa 3 soliiul
cobes bsnd Gl ond Gy 5 3Sla (inan il
soliicul 803l 5o 5,0 s s o Jol€ oyd Gly alin,
GoSE ad, s Lo ol sladle S Lo Sl )
Sl el o odle (Y- VY oKan 5 uiobslS) el
2 59 5T 508 Ol b dnlie 5o )0 als g S
295 580 aae L (Y- YY GLIKa 5 pnlaallS) Lagiule ]
s b (VoY ohlaa 5 Sial)) Sow slagioles]
500 8lran Sloa sladlon € o S1ysa 3l suliil su3l
© Gaeidge 53308 el Giale)] @l b Glie ol
anl Glalell Lo Llsdsed gladlu & 5okl s e
S eoliial au3ls 5o 5580 (VY- ¥) GlKes 5 olinebi
OIKaa 5 5y Glale)] o oS S Lo oile SIysa
sl £ 5o S sa 3l suliicad 833L Gy g0 (aY- Y- )
o2 Lol eols Gl 15wl g3 51 Gy Jsl S50 Ve L9 LA oe
oS0 soSomd 3 G se S Ol sl a3l
(Y-Y) OlolSan 5 alid g (DY Y GH1Kaa 5 55) ol
Sely Lgiale)] caas 59 (padise 4 wo S 5,18
I o sl € Lo Shsa 5 suliiad so3l s
solaiial sl 4o lagiole)] s Ho Lol ol sud ady



\f'aJL«: /Y O)Lo..f) \rd Al> /@Ib P}LC— dlﬁu‘.\bsf

ladla S G 50 5 oS 59 (G Jsb o (V0YY
o8B Gledl 0Lk 5 oot oled Lo Ll e
—all S o a5 olS gaa gL ,1 Gl 38 LT Lol Lcasls
oo boad (Ko opd Slusla ssua b sad 4385 sla
OKaa 5 slinsliw gl (bl 5o .wu S (3,15,
A5 5l sa et gladl S G 508 5 G Jsb (VF-Y)
Lo b dwlie o fariise sl slas s b sad
Opiige 4S (Sogee 5 il SlE Guadige G
Obl o GoSond Olel Ha elSgan i) (il Sl
Ll S 5o @oSod glo) so qua plis,l 5 Glalel]
OlSen 5 59) Koo slagilesl 5o Gaiise Lol u
et pli) 5 el gua pla)) us Jsb o (abY-Y-
L Gos YL odls 6,80 ol el S
oledT Hbl 5 oSond Gle) o ua plE ) 5 sl san
S @3 Gls gula spa bsud waas gladla S o
ooiews cabll & Gl 1) Gaeiise 5 Ol bosa
G e go 89580 ol L, bagT Ho (sise ol se i
anl Giabell Lo Llsdsed sladla & 55kl o e
sole peaa calbls il L (VF-¥) OlSen 5 plinelin
59 Oriige uiged g slrea ald G 5
O3 el 5w (@Yo Ye GhlSea 5 55) Sou Ghle)]
A oyt S ald (5 5y o SEA sule aia el
Sog ) o oMo ad Hiud 5 pnlS Bl (a5
SlKas 5 o, GibesT o Hs b oLl Gl e S
o9 oy T sule ama el Gl L (Y- YY)
SalilE Bl L (VoY) ollKea 5 auly S Giales]
soss 8lyan ULyt slacl,ma e S 5 JT sule pa
Gla HaoS (Sgs S aas o Hlid mli ol (ol by ol
s3he 3l go S ouliianl 5y 1 5 oo Cppeiipe 5 S L3
s3ie slga el b oS 5o il Gl l3ilaa 3l
Sl 5 Glsaiil ady 5 (303 (O s ohed ()
saac A anil Gdls cule 586 ) ea Hud sladl S
ol sad SIS 5 s el Slid 31 ) saied
¥ Usan o S 65 Slea (ToYY ohKan 5 allisuss)

s b o 3 6l gl B Ghs (P<+/+0) ols a3l
el 586 Ghale3T OLk 5 oS ole) L Laddlen
slassin b sud i3 gladlle £ € 550 (P>+/+0)
Loaolio ju s bsnd Slo ool als gsls 5,04
A 65Sond S5 o8 Jal€ o5l als s slassaa
L sad i3 gladdlu € o sun plis,l (P<+/-0) sss
el b sad Shay e 4l ssla 3t (slas i
290 09 JlS o,d Gy gula slassa Lodwlie
o il GaledT oLl su 5 (P<+/+0) s 8 pd
Gl gsla ot slaosun (P=+/-4) cudls Ll
Sl gola glaesaa b dnlie Ho sl boad Sy )3
oley o adlus€ can sl Sill sl JolS o3
oo gyl (P</-0) wud (male3T Lk 5 oS el
23158 Ghas 58l ead S nd Gl Le badlu £
53 el ool Lol (P>1/40) @isSs 8 @sd 6l
Ol ssla il slasa b sud w5 sladllu S
Gl gola glaesaa b sl Ho sl Load Sl o3
eal Gl o bla GaleyT oLl oo JelS )0
ol glaals (58 JSa) ol S5l (P=+/-5)
osliie Slpaud sladle £ Kl wd glagails
(Y-YF) oKaa 5 upsobelS (mabesl Lo ol sug
Oalila Hlsa s sladlu S AL ad; glagaals
Sl 58l ead GhaledT OLL 5 oS Glel Lo
158 JolS 53 il abids 7 ghas b sad Claws] o3 45l
5 8l Gislesl Ho sl gua pli) (uines 28K
3 Kl ad, slagaald dan 5 (YoYY) oKaa
S,d JolS Gl 86 @ad (Y21 F) olKea 5 o3 Giule)]
Dbl spa o sad ol o3 Gls b awlis o
Sl b bLs,l 5o w8, 513 Hlans sladla S
(VoY) oblKaa 5 Kinly Giule)l o w@de «ls Ga S
OIS obal b anlie 5o 5l b el Gl oS (Sl
el 6,80 el € LKl ad, glagasla s o
b acnlio ool band ol (oS (S ol ss o 5dle
OllSan 5 aulaalil€) Kos GhaledT s 6T oS Sl



ay pliiln (6pud (aallusS 3 Slae 5kl 0y ppuiiign o 5 3 Al (Sojb JS5 blite I

Oeidge o Loy b danlie Ho (pedige sl
clale 5 S (oS b 3l Gi) (SLo el 55550 clile
i ple Lo soid (oSnd ) i) ol
IR con sl IS ol igen (P>/-0) winals
29 (oS a3l ug) Sl gs ale 5 (508 ok 51 Giusy)
ol slas e b sl i3 sladlu € s pbe
Bl 353 4 Las 5 S ol s cianlie 5o Gaesii g0 s 5l

cadls (P=+/+4) LualS g (P=+/-V) Liol8l 4

welt mbe 5o 18 Cor glaaa! S able el sael
saits Slgs oy 3l gla o pm L o 0035 sladlln £
35 s Lae s S sl b dianlio o Gaeaiige 5 s b
et 5 ol sun plE) Guge SYL Wl gugas B K
sladils (oo JSa) (555158 Sl S a1, Lag T o
Ssrond gladla £ Al wi, glagaals 5 ode
OLaa 5 u0lelS GiuledT Lo ol sug o lite
Ssmont sladle € KL us; slagails (Y-YY)
oSG ma3 GaledT oLk 5 soSond ooy 5o (plisla
@50 Ol At F sl b sad Gl @3 als G 3Kola
oiale)l Lo ol un L, (aiges L3S I3 S
ady glagaald wan 5 (Y-VY) oLKaa 5 saly B8
Gla 586 a3 (Y01 F) LlKea 583 GiulesT Lo SK
syaa Ha sad Oli] @od Glo b dawlie o oyl K
(28,55 5108 Sl et sladle K 55,56

draSil p2adl sladail B

el 5uad3 sladaiald s ialedl slassua 3
¥ dosa oo oSond 3l Gy g Gl a0 o Ladle S
ple olie 5 (Shigel 35500 olile 5 pH .cuul sl
S 86 a3 5Kond B Guy g Ol o0 L eSS
=S8 518 Cpaiige 5 @3 wls guulud Gy Sl
5599 39 % wa aanl JS clile o i (P>+/-0)
3ot o9 Sbsmon SBlE 5 oSond B o s Ol
L obin) o oliel cble S 5 oS
wala e Lo uSuad B Gl o8 Lo Sl
3 Ol gsla it spma b sud 0di5 sladle S
(P<-/-0) a saaliie faaiise 5 ol bosad (Sl
S om o o) PH s 550l s a4 Gaei o (9558
JId oon slanl IS 5 (Sbisel 05505 (oSt
(oS 3 o 5 i) obal (EoSnd 5 ow)
S @ Slial o (6oSomd 5 o) Sbansn
(oot 51 Gla) SIS 5 (GoSoed 3 0w 5 o)
o3 (P>+/00) mals 586 Ldle S el ol
Sl sl b st 013 gladll £ € 3, o



V0 o /Y ojlaids Y5 als / sald pole (sla yings OhSen g (ooloye  AF

Table 3 - Effect of corn grain processing method (whole grain vs. steam-flaked grain) and monensin level (0 vs. 40 mg/kg of DM) on menas of
skeletal growth indices of Holstein dairy calves

Item Treatments P-value
Whole corn grain Steam-flaked corn grain

Without Monensin Monensin Without Monensin Monensin SEM PM MO PM x PM
Body length
d3 44.2 43.8 43.2 433 0.28 0.53 0.50 0.46
d 63 51 50.9 51.8 51.9 0.49 0.45 0.99 0.78
d 83 54.1 53.9 53.7 54.5 0.62 0.77 0.63 0.62
Heart girth
d3 77.9 78.7 77.8 76.7 0.61 0.31 0.53 0.94
d 63 96.7 94.9 96.2 96.8 1.21 0.06 0.69 0.44
d 83 101 99.5 99.8 102 1.48 0.68 0.80 0.19
Body barrel
d3 15 15.2 14.8 14.6 0.23 0.13 0.69 0.67
d 63 19.8 19.4 20 20.9 0.48 0.32 0.99 0.30
d 83 21 20.7 21.9 22.2 0.58 0.07 0.91 0.44
Wither height
d3 75.6 76.1 75.6 74.2 0.50 0.32 0.62 0.31
d 63 83.4° 84.1° 84.9° 87.92 1.17 <0.01 0.02 0.02
d83 88.1° 86.9° 87.3° 91.2* 1.33 0.09 0.27 0.03
Hip height
d3 80 78.5 79.2 78.8 0.49 0.71 0.18 0.89
d 63 89.3° 87.5° 88.7° 93.22 1.17 0.04 0.26 0.01
d 83 91.6° 91.1¢ 90.9¢ 95.8* 1.41 0.04 0.15 <0.01

2 °In each row means differ significantly if they do not share a common letter (p < 0.05). SEM= Standard error of means, PM= Processing method,
MO= Monensin
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Table 4 - Effect of corn grain processing method (whole grain vs. steam-flaked grain) and monensin level (0 vs. 40 mg/kg of DM) on menas of rumen
fermentation parameters of Holstein dairy calves

Item Treatments P-value
Whole corn grain Steam-flaked corn grain

Without monensin Monensin Without monensin Monensin SEM PM MO PM x MO
Rumen pH
Pre-weaning (d 45) 5.98 5.91 5.87 5.75 0.06 0.07 0.17 0.69
Post-weaning (d 80) 6.14 6.23 6.15 6.09 0.08 0.40 0.88 0.32
Ruminal ammonia, mg/dl
Pre-weaning (d 45) 14.1 11.6 12.1 10.5 0.55 0.02 <0.01 0.49
Post-weaning (d 80) 17.2 15 14.1 14.4 0.92 0.02 0.17 0.10
Total VFA, mmol
Pre-weaning (d 45) 75.8% 76.7° 74.5¢ 83.9° 1.62 0.12 0.07 0.04
Post-weaning (d 80) 104¢ 100b° 110° 1192 2.34 0.02 0.16 <0.01
Acetate, mmol/L
Pre-weaning (d 45) 51.7° 57.6* 53.6° 49.1¢ 1.12 0.06 0.65 <0.01
Post-weaning (d 80) 52.6 53.7 47.9 48.7 1.39 0.02 0.27 0.84
Propionate, mmol/L
Pre-weaning (d 45) 32.2b 30.7¢ 34.5° 37.8% 1.54 0.01 0.05 0.03
Post-weaning (d 80) 31.7 324 34.5 35.0 1.91 0.02 0.57 0.94
Butyrate, mmol/L
Pre-weaning (d 45) 14.2 11.5 12 13.2 0.83 0.49 0.41 0.10
Post-weaning (d 80) 15.9 13.9 17.4 16.2 0.99 0.01 0.09 0.74
A:P
Pre-weaning (d 45) 1.55% 1.95% 1.56° 1.32¢ 0.07 <0.01 0.46 <0.01
Post-weaning (d 80) 1.68 1.66 1.41 1.39 0.06 <0.01 0.81 0.88

*°In each row means differ significantly if they do not share a common letter (p < 0.05). SEM= Standard error of means, PM= Processing method, MO= Monensin
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Table 5 - Effect of corn grain processing method (whole grain vs. steam-flaked grain) and monensin level (0 vs. 40
mg/kg of DM) on urine volume, urinary excretion of purine derivatives and urea nitrogen, and microbial protein

synthesis in Holstein dairy calves

Item Treatments P-value
Whole corn grain Steam-flaked corn
grain SEM PM MO PM x
Without Monen Without Monen MO
monensin Sill monensin Sin
Urine volume (L/d) 1.67 1.73 1.76 1.62 0.09 0.85 0.43 0.11
Creatinine (mg/dL) 118 115 114 121 2.97 0.72 0.43 0.22
Allantoin (mmol/d) 12.2 13.8 15.1 16.2 1.70 <0.01 0.07 0.73
Uric acid (mmol/d) 0.98 0.99 1.18 1.13 0.06 0.11 0.93 0.91
Total purine derivatives 13.2 14.8 16.2 17.3 1.20 <0.01 0.08 0.73
(mmol/d)
Microbial protein 11.3 12.7 13.9 14.8 0.83 0.04 0.08 0.85
synthesis (g/d)
Urinary urea nitrogen 19.3 14.2 14.6 13.2 0.96 0.04 0.02 0.28
(g/d)

SEM= Standard error of means, PM= Processing method, MO= Monensin

Table 6 - Effect of corn grain processing method (whole grain vs. steam-flaked grain) and monensin level (0 vs. 40
mg/kg of DM) on serum concentrations of parameters and insulin in Holstein dairy calves

Item Treatments p-value
Whole corn grain Steam-flaked corn grain
Without  Monensin Without Monensin SEM  PM MO PM x MO
monensin monensin
Glucose, mg/dL
Pre-weaning (d 46) 94.8 100 98.6 109 398 0.02 0.03 0.51
Post-weaning (d 74 71.9 80.2 78.2 4.04 0.05 0.43 0.90
82)
Beta-hydroxybutyrate, mmol
Pre-weaning (d 46) 0.086 0.091 0.112 0.134 0.07 <0.01 0.28 0.11
Post-weaning (d 0.284 0.302 0.249 0.302 0.09 041 0.12 0.46
82)
Blood urea nitrogen, mg/dL
Pre-weaning (d 46) 20.5 18.1 17.8 15.4 0.74 0.03 0.05 0.97
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Post-weaning (d 18.3 14.9 16.9 15.8 123 0.87 0.07 0.32
82)

Total protein (g/dL)

Pre-weaning (d 46) 6.01 6.14 6.42 6.17 0.12  0.17 0.79 0.24
Post-weaning (d 6.51 6.59 6.55 6.61 0.14  0.81 0.54 0.93
82)

Insulin (IU/L)

Pre-weaning (d 46) 6.67° 7.39° 8.12° 10.9% 0.83 <0.01 0.05 0.04
Post-weaning (d 4.84 6.43 6.71 6.97 0.49  0.03 0.19 0.34
82)

*°In each row means differ significantly if they do not share a common letter (Pp < 0.05). SEM= Standard error of
means, PM= Processing method, MO= Monensin
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