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ABSTRACT

The objective of this work was to evaluate the performance of Holstein calves in suckling and post-weaning
phases, intensively managed during suckling in the absence or presencdwen&y-four male Holstein calves, at
an average age of 15 days and initial weight of 43 kg were used in the experiment. The experimental design was
completely randomized, consisting of two treatments and six replications. The treatments were as follows: 1) suckling
with milk substitute + initial concentrate for calves,libitum + temperate grass hay (oat/ryegraad)ibitum; 2)
suckling with milk substitute + initial concentrate for calagslibitum. No significant difference was found between
treatments for weight gain and feed conversion. Howekiersupply of hay caused an increase in daily dry matter
intake (2.124s 1.894 kg). The intake of hay promoted greater stimulus to consumption of concentrate and greater
weight at weaning.
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RESUMO

Efeito do feno no desempenho de bezerros holandeses em aleitamento e pds-desmame

O objetivo deste trabalho foi avaliar o desempenho de bezerros holandeses nas fases de aleitamento e pd4s-
desmame, manejados intensivamente na fase de aleitamento com auséncia ou presenca de feno. Foram utilizados 24
bezerros holandeses machos, com média de idade de 15 dias e peso inicial 43 kg. O delineamento estatistico foi o
inteiramente casualizado, constituido de dois tratamentos e seis repeticdes. Os tratamentos foram: 1) aleitamento
com substituto lacteo + concentrado inicial para bezeaddgitum + feno de graminea temperada (aveia e azevém),
ad libitum; 2) aleitamento com substituto lacteo + concentrado inicial para bezattdlsitum. Nao houve dife-
renca significativa entre os tratamentos para ganho de peso e conversao alin&etanto, o fornecimento de
feno causou aumento do consumo diario de matéria seca (8,1804 kg).A ingestdo de feno promoveu maior
estimulo ao consumo de concentrado e maior peso ao desmame.

Palavras-chave:concentrado, consumo, conversado alimermasmame, ganho de peso, volumoso.
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INTRODUCTION animal performance (Thomas & Hinks, 1982; Phillips,
. 2004; Kharet al., 2011; Castellst al., 2012.). Suckling
It is known that tk development of the rumen at an : . .

. . . . otocols of calves are usually adjusted to provide milk
early age is closely associated with the intake of solfg

. .equivalent to 10% of weight at birth. This amount can be
feed. It is also known that the concentrate, due to its

. ) L . radually reduced or abruptly ceased at weaning. Recent
unfolding into volatile fatty acids in the rumen,stlmulateéJJ y i~ 9

. . ‘Studies has shown that higher amounts of substitutes or
the development of the mucosa by increasing the size

. . milk (20% of the weight at birth) promote increased
and the amount of ruminal papillae. Howeveughages,

. wth rate, improve feed efficiency of animals (Brown
such as hayprovide further development of thegro P y (

. : . . etal., 2005) and decrease the incidence of disease (Khan
volumetric capacity of the rumen and increase in thee;[ al., 2007)

musgle tissue OT Wélls of th? organ as well _as It Studies that evaluate the effect of roughage (hay)

contributes to maintain the pH in the rumen (Paiva & o . . L

Lucci. 1972 supply in intensive protocols of calves rearing with high

ueet, ) . . amount of milk and starter concentrated are still scarce.
It has been observed that in dairy farms, th

e . ‘I:‘hus, Kharet al. (2011) evaluated the ffct of ofering
technification and improvement of concentrate feeds,

to cal ivi ight lit f milk imatel
acquired for supplying the initial stage of calf growth, a ay to calves receiving eight liters of milk (approximately

L ; 0% of weight at birth) and starter concentrate
the use of palatability and flavoring agents, growth .
. . Hlbltum, and the authors concluded that the supply of
promoters, powder milk, different sources o

chopped hay improved the total consumption of solid

carbohydrates and fermentation rates, and micropelle%g,{ad and had benefits for the physical development of
have favored an early consumption of solid foods by %e rumen-reticulum

satisfactory levels. . The objective of this study was to evaluate the
When concentrate feeds are provided early @hd . .
Pserformance of Holstein calves at suckling and post-

libitum, calves usually do not consume significant amoun L . . ) .
. : .Weaning, intensively managed during lactation, with the
of hay; thus it is commonly observed that the high qualit s .
bsence or presenoé grasshay ad libitum on diet.

hay become bed eventuall@alves have a high eiggr
req_uwement, in contras'F to its limited ak_nhty to Fon.s.um?\ﬂATER|AL AND METHODS

solid feed. Thus, possibly by consuming a significant

amount of hayconcentrate feed intake can be restricted, This experiment wagarried out in théAnimal
causing a body growth delay (Hé al., 2008). Production Center (Nucleo de Producdoimal —

On the other hand, feeding of ruminants with higiNUPRAN) at Universidade Estadual do Centro-Oeste —
amounts of grains, even calves, can cause metabdBlICENTRO in Guarapuava, Parana State, located in the
disturbances promoted by the fall in the rumen pHsubtropical zone of the state. The climate is altitude
resulting primarily in a deficiency in nutrient absorptiortempered, Cfb according to Képpen.

(Greenwoocdkt al., 1997). In relation to roughages for  The specific objective of this study was to evaluate
calves, despite the recognized effect on the developmehg effect of hay feeding to Holstein calves in suckling
of the rumen in size and musculature, deformitiegshase on the average daily weight gain (ADG), feed
prevention in rumen papillae and keratinization of theonversion (FC), daily dry matter intake (DDMI) and dry
mucosa, the recommendations on the age and waymétter intake per 100 kg body weight (PDMI) at suckling
supplying are conflicting and vague (Campos & Liziereand post-weaning phases.

2005). The experimental diets in the suckling phase were as

The introduction of forage in the diet of sucklingfollows: T1 = suckling with milk substitute + starter
calves has been long discouraged, especially by thencentrate for calvead libitum + temperate grass hay
hypothesis that its consumption would cause substitutigoat/ryegrass)ad libitum; T2 = suckling with milk
effect of the initial roughage intake, modifying rumersubstitute + starter concentrate for calvax libitum.
fermentation and favoring the formation of acetat®oth groups of animals received the same treatment in
instead of propionate and butyrate causing a delay in ttiee post-weaning phase, which was hay temperate grass
development of rumen papillae (Khanhal., 2011). In  (oat and ryegrass) and the starter concenachliditum.
addition, roughage is energetically less dense than Twenty-four male Holstein calves were used, at initial
concentrates and its inclusion in the diet with a restrictexverage age of 15 days and initial live weight of 43 kg.
amount of milk results in poor weight gain (H#fal., The animals were housed in free stall facilities, consisting
2008). of 12 semi-covered stalls with 15 m? of area each (2.5 m

Interestingly studies with roughage supply for calvesx 6.0 m), for every two animals, with plastic trough and
younger than two weeks old reported improvements #nd metal drinkers, recated by automatic float.
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The experiment lasted 79 days, 9 days for adaptatiergetable origin lipid, mineral vitamin premix, growth
to the diet and facilities and, sequentiaByassessment promoter additive, flavoring additive, antioxidant additive,
periods of 14 days each. Evaluations carried out in tleeccidiostat additives. The assurance level of the product
suckling phase were performed from 24 to 65 days @fas 90% dry matter (DM); 21% crude protein (CP); 12%
life, when they were weaned. Performance of the animadsher extract (EE); 0.90% fibrous matter (FB); 8% of
was also evaluated for 28 days in the post-weaning phassy mineral (MM), 0.6% Ca; 0.3% P and 43% lactose.
from 66 to 93 days of life. During this period, both In addition, milk substitute, Maetkwas used in
groups were fed the same diet. association with milk substitute, recommended as feed

Solid food (hay and concentrate) were offeeed supplement for calves. The product had in its
libitum, divided into two tracts, at 6 a.m. and at 5 p.ncomposition: dextrose, lactose, powder whole milk,
Animals had free access to water over the experimetipids of vegetable origin, soy protein isolate, silicates,
The hay was previously chopped using a stationargilk serum, folic acid, lactic acid, pantothenic acid,
roughage processoaccording to the methodology prebiotic additive, antioxidant, choline chloride,
described by Heinrichs & Kononbf{2002). After decoquinate , niacin, palatability agent, probiotic, vitamin
processing, hay had an average particle size of 10.67 nfw) vitamin B1,Vitamin D3,Vitamin E, vitamin K3The
in which 32% were larger than 19.0 mm, 40% weraformed assurance levels were 90% DM, 20% 126
between 19.0 mm 8 mm, 22% were between 8.0 to 1.EE, 0.95% FB, 12% of MM, 0.6% Ca, 0.3% P and 35%
mm and 6% had particles smaller than 1.18 mm. lactose.

The liquid feed was as follows: commercial milk  The concentrate was manufactured in the animal feed
substitute (Lact&) associated with the commercial milk mill of CooperativéAgrariaAgroindustrial, using in their
supplement (Maef), both of NutronAlimentos Ltda. preparation, the following feeds: soybean meal, soybean
at a 75:25 ratio, respectiveljiluted in pre-heated water hulls, wheat bran, malt culms, barleprn grains, corn
at 45°C and provided in two daily meals at the same tinggerm, limestone, dicalcium phosphate, vitamin and mi-
solid feed was offered. The relationship establishemgeral premix, salt and sodium monensin. The concentrate
between the two supplements followed thenixture presented in its analysis percentage average
recommendation of the manufactyrer order to meet contents of 89.2% DM, 22.0% CB.49% EE, 8.27%
the requirements of vitamins and to promote thEB, 12.15% ofADF, 20.74% of NDF7.42% MM, 1.1
probiotic effect in the digestive tract of animals. Thel% Ca and 0.5%.P
animals were fitted to the liquid diet before the experi- The hay temperate grasses, composed by forage
mental period. mixture of oat Avena strigosa Schreb.), plus ryegrass

Suckling protocol, considering the pre-experimentLolium multiflorum Lam.) showed average contents of
the fiting and the experiment phases, was carried out@2.45% DM, 7.74% CP2, 09% EE, 63.43% NDQF
follows: from the ¥ to the 3' day of life (pre-experi- 40.33% ADF and 3.98% of MM. Samples of
mental phase): supply of 4 L of colostrum per day; fromoncentrated feed and hay were analyzed according to
the 4" to the & day of life (pre-experimental phase): 50the methodology suggested by Silva & Queiroz (2002).
g of milk substitute, diluted in 4 L of milk per day; from  The animals were weighed at the beginning of the
the 7" to the & day of life (pre-experimental phase):experiment and afteevery 14 days, resulting in five 14-
100 g of milk substitute, diluted in 1 L of water + 3 L ofday evaluation period$Veighings were taken before
milk per day; from the 9to the 1% day of life (pre- liquid diet offer in the morning. The average values of
experimental phase): 200 g of milk substitute, diluted iADG, DDMI and PDMI and FC were determined for each
2 L of water + 2 L of milk per day; from the 6o the period.ADG was calculated as the f#ifence between
55" day of life (experimental phase): 700 g of milkthe initial and final weights, divided by the number of
substitute, diluted in 4 L of water per day; from thé& 56days in the period. The DDMI was recorded by weighing
to the 59 day of life (experimental phase): 510 g ofthe offered feed and leftovers. The PDMI is the average
milk substitute, diluted in 3 L of water per day; and fronvalue of DDMI in the period in percentage in relation to
the 60 to the 68 day of age (experimental phase): 34@he average live weight of the animal in the period. FC is
g of milk substitute, diluted in 2 bf water per day the ratio between DDMI anADG in the period mean.

Animals were gradually weaned, following protocol The experimental design was completely randomized,
for suckling of free-stall managed calves, asvith two treatments and six replicates with repeated
recommended by Khagt al. (2007). measures at time (5 periods). Each experimental unit was

The milk substitute used for suckling calves was theepresented by a stall with two animals. The variables
commercial product Lactglconsisting of whole powder were submitted to analysis of variance, considering the
milk, powder milk serum, lactose, soy protein isolatesources of hay variation and period as well as their
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interaction. The differences between the two treatmerasivance in the evaluations. Similar behavior was observed
were determined by F test at 5% of significance levefor DDMI, with an increase of daily intake of the order
through the SAS (1993Animal performance data were of 0.0373 kg and 0.0144% of body weight for each day
also submitted to polynomial regression analysisf advance in the evaluation period. Regarding FC, a
considering the variable period (70 days) by means quadratic behavior was observed, with the best
proc reg in SAS (1993) program procedure. transformation point of consumed dry matter into weight
The experiment was conducted meeting all the angain at age of calves of 38.5 days.
mal welfare and ethics principles with experimental When evaluating two weaning ages (66 and 90 days
animals. The research project was approved by the Ethisisage), and two times of hay supply start (21 and 66
Committee onAnimal Use of the Mid-Wést Sate days of age) for dairy calves, Machado (2008) did not
Universtiy (Universidade Estadual do Meio-Oeste found any interaction between the factors on the daily
CEUA/UNICENTRO) according to the 028/2D1 dry matter intake, presenting an average of 1.37 kg-day
protocol. Similarly, the consumption of starter concentrate did not
change, reaching 0.818 kg dapn average. The author
RESULTSAND DISCUSSION also reported that consumption of hay was greater in
No significant interaction between supply of hay an@nimals fed hay in advance (0.1&5.115 kg day), and
evaluation periods was found the variables of animgreater in animals weaned at 66 days of age (0v&75
performance and dry matter intakeafle 1). On the 0.125 kg day) whereas dry matter intake per 100 kg of
average, no significant differences between daily averagedy weight did not change between treatments with an
gain and feed conversion were found, with mean valuegerage of 2.1% until 96 days of age.
of 0.948 kg animédl day* and 2.239 kg of DM intake for In the same experiment, Machado (2008) found no
each kg of weight gain, respectivelhe supply of hay interaction between the treatments and hay supply time
in the suckling phase determined higher (P < 0.0%ffect on average daily gain until 96 days of life (0.698
DDMI (2.127vs 1.894 kg) and PDMI (2.8%2s 2.59% of kg day') and from 3 to 6 months of age of animals (0.947
live weight). kg day'). However calves weaned at 66 days of age
ADG of calves in the analysis of the periodsshowed higher average daily gain until weaning (0.645
regardless of the presence of hay in the diet, showesl 0.515 kg day), thanks to suckling protocol, which
linear increase ahe order of 0.0105 kg for each day ofprovided more milk for the animals at this phase. On the

Table 1 Average daily weight gain (ADG), dry matter daily intake expressed in kg animal (DDMI), in 100 kg live weight (PDMI), and
feed conversion (FC) of Holstein calves in the suckling and post-weaning phases, supplemented with or without hay during the suckling
phase.

EVALUATION PERIODS (days of age)
TREATMENT? MEAN

15! (24th _37th) 2nd (38th _51!h) 3rd (52th _65!h) 4th (66th _79th) 5th (80th _93th)
ADG (kg animat day?)

With hay 0.390 1.083 1.155 1.208 1.051 0.977 a
No hay 0.373 1.035 0.961 1.161 1.063 0.919a
Regression equation ADG: 0.5071 + 0.0105D (R0.3901; CV27.8%; P< 0.0001)

DDMI (kg animal* day?)
With hay 1.061 1.647 2.096 2.710 3.123 2.127a
No hay 0.974 1.373 1.630 2412 3.080 1.894b
Regression equation DDMI: 0.4448 + 0.0373D (1R0.8667; CV 14.6%; P< 0.0001)

PDMI (% live weight)
With hay 2.25 2.89 2.90 3.05 3.05 282a
No hay 212 248 2.36 2.89 3.10 2.59b
Regression equation PDMI: 2.1004 + 0.0144D @R0.5063; CVV10.8%; P< 0.0001)
FC (CMSD/ADG)

With hay 2.880 1.532 1.853 2271 3.012 2.310a
No hay 2.737 1.362 1.722 2.088 2.933 2.168a
Regression equation FC: 4.0362 —-0.1232D + 0.00180%?% 0.5993; CVV20.2%; P= 0.0001)

Periods 1, 2 and 3: artificial suckling phase; Periods 4 and 5: post-weaning phase.
Means followed by the same letter in the column do not differ statistically from each other by the F test at 5%.
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other hand, later weaned calves presented higher daiynded (P = 0.08) to demonstrate a heavier body weight
average gain (0.99Gs 0.865 kg day) from 66 to 96 in the 6-10 weeks of age phase. Despite of that, at 70
days of age. The author concluded that weaning shouddys of age, animals fed hay had lower (P = 0.34) empty
be performed at two months of age, coincident with theody weight (93.6/s 98.6 kg). On the other hand, the

start of hay supply supply of in the suckling phase provided higher (P = 0.03)

Khan et al. (2011) evaluated the performance ofdevelopment of rumen-reticulum (empty weight: 1.89
suckling Holstein calves, until 70 days of age, fed 8 ks 1.89) higher (P = 0.36) concentrations of papillae
day*of milk plus starter concentragel libitum, with or  (103.85vs 93.45 papillae per ¢ty higher (P = 0.002)
without hay supplyThe authors found a higher£®.21) ruminal pH (5.46vs 5.06) and higher (P = 0.18)
average daily gain in animals with access to hay (0.&8bncentration of beta-hydroxybutyrate in the blood.
vs. 0.82 kg day), emphasizing that on the first 35 days Regarding food intake in the suckling phaseh(€
of age of the animals, there was no effect of hay suppd), the intake of milk substitutes during the first two
daily dry matter intake. Howeveat 70 days of age, the evaluation periods was equivalent between both
animals presented daily dry matter intake of 3.0 kg; theeatments, in which animals were fed 0.7 kg anifal
group fed hay presented higher (P = 0.006) daily dgay* until 51 days of life. From this, the supply of the
matter intake, approximately 0.5 kg dakigher than milk substitute was gradually reduced, as a weaning
those which did not receive hay strategy presenting an average intake of 0.486 kg ani-

It can been seen ifable 2 the evolution of the live mal! day* in the periodAll calves consumed their daily
weight of the calves. The average initial weight was 44 dquota of milk substitute over the experiment.
kg. Because of the slight numerical increase in average Feeding protocols for calves with high amount of milk
daily gain, in the end of the evaluation period, calvesay delay solid feed intake before weaning and promote
supplemented with hay in the suckling phase showgmor consumption and body development after weaning.
more 4.9 kg live weight than those that did not receiv&ccording to Kharet al. (2007), the gradual weaning
hay in the suckling phase. can be a functional technique for stimulating solid feed

According to Hoffman (1997), Holstein heifers forintake from the beginning of the reduction in the milk
replacement, under optimal management conditions, msstpply This can be seen ifable 3.
present body weight within the range of 1® kg at 3 Regarding the consumption of hay during suckling,
months of ageAccording toTable 2, the calves that hadthe animals fed roughage in this phase presented an
hay available during the suckling phase exceeded timerease in the intake as evaluation stages advanced, being
recommended limit for growth {1.8 kg) whereas calves 60, 73 and 143 g animabay* in the first, second and
that had no hay during the suckling phase slightly reach#drd periods, respectiveliAioweverin the post-weaning
the minimum recommended body weight (106.9 kg). phase (@ble 4), when animals received the same diet

On average, body weight of animals met thémore concentrated roughage), hay consumption was si-
recommendations for 3 months of age. Howgirethe milar between groups.
early phases, weights were beyond the recommendations.In the overall evaluation period, the calves that
In the first phase of the experiment, the average daily gaieceived hay since the suckling phase presented a total
was lower than the recommended by Hoffman (1997hay intake of 9.0 kg whereas animals that were
probably due to problems of adaptation to experimentalipplemented with hay after weaning consumed only 4.7
facilities. Nevertheless, in the subsequent periods, averdgg demonstrating an intake of 4.3 kg anifnalore hay
daily gain was higher than the recommended, ensuring Bor the treatment that received roughage since the
adequate weight in the end of the experiment. suckling phase.

Similarly to the findings of this stugwhen evaluating As for the consumption of concentrated feed, supply
the efect of hay supplyKhanet al. (2011) found no of hay since suckling promoted higher intake of
difference in body weight of the animals in the first fiveconcentrate in all evaluated periods. During the first three
weeks of age. Howevethe group that consumed hayperiods, that is, in the suckling phasalfle 3), the group

Table 2 Evolution of the body weight of calves supplemented with or without hay in the suckling phase according to the evaluation periods

AGE (days of age)

Treatments

24 days 37 days 51 days 65 days 79 days 93 days
With hay 445 50.0 64.0 80.2 97.1 111.8
No hay 43.7 48.9 62.3 75.8 92.0 106.9
Mean 44.1 49.4 63.2 78.0 94.6 109.4
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that had received hay presented an intake of 42.01 kg It is suggested that feeding calves only with starter
animal® of concentrate, which represented an intake déed can reduce ruminal pH, decreasing the motility
9.1 kg animal, higher than the 32.91 kg anintal of the rumen and cause hyperkeratinization and
consumed by the group that did not receive hay agglomeration of rumen papillae and thereby decrease
In the post-weaning @ble 4) period, calves fed haythe ability of the ruminal mucosa to absorb nutrients,
during suckling phase reached a concentrate intake pdrticularly if the starter concentrate is finely ground
87.3 kg animal, higher by 5.6 kg animalthan the 81.7 (Greenwoodet al., 1997). The starter concentrate
kg animat presented by those fed hay only after weanin@ffered in this experiment was finely ground since this
In the total period of experiment, the calves thas prerequirement for micropeletizing process to
consumed hay since the suckling phase reached an intakch it was submitted. This factor may have led the
of 129.3 kg animal of concentrate, representing ananimals that did not have access to forage to the
intake of 14.7 kg more than the animals that had accesdisorders listed above and it is the determinant factor
to hay since weaning14.6 kg animal). In contrast, Hill for the increased consumption by animals with access
et al. (2008) found a reduction in the concentrate intak® forage.
in calves fed 5% hay The higher consumption of concentrated feed found
Weaning has been traditionally recommended fdn animals that had hay available since suckling phase
Holstein calves when the animals present a concentrabay be related to higher intake capacfyomoted by
intake of approximately 0.700 kg dayor three higher ruminal volume, as well as for maintaining the
consecutive days (Quigley Ill, 1996). Moreavanother pH in this compartment. Moreovethe higher
suitable indicator for decision making regarded teonsumption can be the determining factor for most of
weaning would be observed when the animals presentiee body development achieved in this group of animals
of 1.5% of their weight at birth (Greenwoet al.,

1997). Based on these concepts, the animals of thigp|e 4 Effect of hay supply in the suckling phase on feed intake

experiment showed full conditions for weaning. in the post-weaning phase on the fresh matter basis.
Khanet aI._(?QJl) found m_experlments prewous_ly Feed intake (kg animatiay’)
described an initial consumption of hay (5 weeks) simiFreatments Total
Concentrate Hay

lar to this experiment, with values below 100 g animal

day. Howeverafter ten weeks of age, the animals showed 4"Period (from the 66to the 79 day of age)

consumption of approximately 650 g dayt 70 days With hay 2.868 0.177 3.045
of age, they found a consumption of 3.0 kg anindaly* N° hay 2571 0.140 2.710
of the starter concentrate and, although there was M§2" 2.720 0.159 2.878
statistical difference, the animals that did not receive 5" Period (from the 80to the 93 day of age)
hay showed a trend towards higher consumption of tivéth hay 3.369 0.190 3,559
starter concentrate (P = 0.10), different from tha¥o hay 3.266 0.194 3.461
observed in this experiment. Mean 3.318 0.192 3.510

Table 3 Effect of hay supply in the suckling phase on feed intake in the starter phase on a fresh matter basis.

Feed Intake (kg animalday?)

Tratments Milk substitute Milk supplement Concentrate Hay Total
1stPeriod (from the 2@to the 37 day of age)

With hay 0.500 0.200 0.345 0.060 1.105

No hay 0.500 0.200 0.31 0.000 101

Mean 0.500 0.200 0.328 0.060 1.058
24 Period (from the 38to the 5% day of age)

With hay 0.500 0.200 0.991 0.073 1.764

No hay 0.500 0.200 0.756 0.000 1.456

Mean 0.500 0.200 0.874 0.073 1.610
3 Period (from the 52 to the 6% day of age)

With hay 0.286 0.200 1.665 0.143 2.295

No hay 0.286 0.200 1.284 0.000 1.771

Mean 0.286 0.200 1.475 0.143 2.033
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compared with the group receiving hay only aftefreenwood RH, Morril JLTitgemeyer EE & Kennedy GEL997)A new
weaning method of measuring diet abrasion and its effect on the development
oL o . of the forestomach. Journal Dairy Science, 80:2534-2541.

Lizieire et al. (2002) found significant differences , o
. . . ,._ Heinrichs PJ & Kononoff PJ (2002) Evaluating particle size of forages
in the consumption of concentrate when providing andTMRs using the New Penrigde Forage Particle Separat@ate
roughage in the diet for calves; however no significance College The Pennsylvaniatste University14p.
was observed in the daily weight gadmimals in a diet il Tm, Bateman H@AIdrich JM & Schiotterbeck R(2008) Efects of
with starter concentrate and chopped green pasture hatihe amount of chopped hay or cottonseed hulls in a textured calf
lower concentrate intake than animals in diet with starter on young calf performance. Journal Dairy Science, 91:2684-

2693.
concentrate and hagr only concentrate. ] ) ) ]
Castellset al. (2012 h luati IHoffman PC (1997) Optimum body size of Holstein replacement heifers.
astellset al. ( ), when evaluating severa JournaAnimal Science, 75:836-845.

sources of forage in the diets Of SUCkIIng HOlSt.e”ilhan MA, Lee HJ, Le®V/S, Kim HS, Ki KS, HulTY, Suh GH, Knag SJ &
calves, found that compared with the control diet, chojvJ (2007) Structural growth, rumen development, metabolic and

consisting only of the starter concentrate, animals thatimmune response of Holstein male calves fed milk through step-
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