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Dry Matter Intake in Dairy Heifers.

1. Factors Affecting Intake of Heifers Undar Intansive Managemant'

J. D.QUIGLEY, NI.? R.E. JAMES,? und M, L. M:GILLIARD

ABSTRACT

Effects of body weight, body weight
gain, ration acid detergent fiber, neutval
derergent fiber, bulk density, and am-
bient tcmperature on intake of dry
matter and digestible energy were ex-
amined using 118 Holstein heifers weigh-
ing 100 to 400 kg Animals grouped
according to body weight (100, 200, 300
kg) werc fed toral mixed rations (corn
silage, ground hay, high moisture corn,
soybean meal) once daily for 28 d.
Rarions were balanced ro mean body
weight according to National Research
Council recommendations for protein,
vitamnins, and .minerals and to 85, 95,
105, and 115% of rccommended total
digestible nutnients. Second order poly-
nomial regression of ration fiber content
and density explained 20 and 21% of
variarion in dry matter intake and 46 and
45% of digesrible epergy invake, Dry
marter intake in¢reased linearly with
incrcasing body weight and gain. Dry
matter intake correlated —.42, — 42, and
.3% with acid dctergent fiber, necutral
detergent fiber, and bulk density when
neurral detergent fiber was greater than
42% of dry matrer and 03, —.03, and
—.02 when less than 42%. Predictions of
dry marter intake should include body
weight, giin, and polynomial tcrms of
ration fiber or rarion energy to account
for changing metabolic systems con-
tralling intake.
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INTRODUCTION

Accurare prediction of dry marrer (DM)
consumption requires that significant factors be
included in predictive maolels. Facrors of
practical importance that influence nutrient
intake in ruminznts include body weight (4, B,
14, 15, 16), change in body weight (1, 4, 14,
15), ration energy concentration (8, 9, 16, 19),
ration bulk and energy density (2, 5, 17, 18,
20), and environmental temperature (6, 22),

Multiple regression models including one or
more of these and orher independent vanables
predict intake in lactating dairy cows with 2
high dcgree of precision (6, 7, 27). No similar
rescarch is available with dairy heifers. Pub-
lished predicrions of dry matter intake (DMI} in
dairy heifers are based on body weight plus pain
(21) using data obtained from heifers not fed
for ad libiram consumption and at less than
optimum rates of gain (21).

Systens for rearing replacement heifers in
confinement housing and feeding total mixed
rations (TMR) for ad libitem intake have
become more popular in the Sourheastern US.
There is an increasing need to define factors
affecting intake and vo develop aecurate predic-
tions of DMI in hejfers under these intensive
management conditions. The objective of this
study was to derermine facrors affecting DMI
of heifers weighing 100 to 400 kg hounsed in
confnement housing and fed TMR for ad
libitum consumption,

MATERIALS AND METHODS
One hundred eighreen Holstein  heifers

were assigned to one of 12 trestments in two

trials as in Table 1, Sixry-four heifers used in
trial 1 were reassigned ro rreatment during trial
2, resulting in 182 heifer records in the fina)
data ser,

Praliminary Parlod

Prior to assignment to trcatment, heifers
were placed into three groups according to
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bedy weight (100 to 199 kg, 200 to 299 kg,
300 to 400 kg) and fed 3 TMR once daily for
ad libitum consumption. Rations conrained
corn silage, ground orchardgrass hay,? soybean
meal, ground shell corn, and mincrals formu-
lated to at least 100% of 1978 National Re-
search Council (NRC) recommendations (21)
for each body weight. At each feeding, 2 basal
ration formulared for heifers weighing 300 kg
was fed 1o all heifers; soybean meal, corn, and
mincrals were added to 100 and 200-kg weight
group rations at the bunk. Animals remained in
groups for 42 days until assignment to treat-
ment or reassignment to a heavier group.
Heifers not assigned to trearment and reaching
400 kg left the study.

Exparimamtal Pariod

To begin each period, four groups of six 0
eight heifers each were selected randomly from
preliminary groups and assigned to treaument
and moved to the experimental facility for a
14-d acclimarion pericd prior to data collec-
tion. Three pcriods of four trearments per
period were used per trial.

Experimental facility consisted of four pens
(3.6 m % 9.1 m) counterslope design open T©
the south. Pens were cicaned weekly and
bedded with sawdust, Computerized TMR
fecder was locared on the sourh side of cach
pen and was available arall times except during
cleaning pens and weighing animals. Accuracy
of computerized feeders was tested at beginning
of each trial. Warer and salt were available at all
umes,

Following acclimarion, individual feed in-
rake® was measured daily for 28 4. Ambicnt
temperature was measured cvery 2 h and
reported for each 24-h period. Experimental
TMR were sampled daily and stored at 4°c
priof o compasiting weekly and analyzing
portions for bulk densit (g/ml, as fed) a5 m
(5), crude protein (CP),° acid derergent fiber

* Orchardgrass bay was ground in 2 b grinder
to an average lengrh of 7 com.

3 Binpointer 4000B. U15 Inc., Cookeyille, TH.

Sirginia Tech forage tesring lab. Blacksburg,
VA.
* New York Dairy Herd Improvement Cooperacive
forage tesming lab, [thaca, NY.
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(ADF).® and neutral derergent fiber (NDF)” as
in (11). Daily (Trial 1) or pooled weekly (Trial
2) samples of TMR were analyzed in duplicaze
for DM (convecrion oven, 100°C). Feed in-
gredicnts were sampled daily, stored at 4°C,
composited into weekly samples, and portions
analyzed for DM, CP, and ADF as described.,
The TDMN concentrations of ingredienrs and
TMR were estimatcd from ADF® (TDN =898
—.768 % ADF), Digestiblc ¢nergy (DE) con-
centrations of TMR were estimared using the
formula 1 kg TDN = 4.409 Mcal DE (21).

Body weights were recorded once weekly
and interpolated to a daily basis by second
order polynomial regression of day of ex-
perimene on weekly body weight. Daily gains
were calculated using estimated daily body
weight, Daily gain predicted ro be less than
—1.0 or greater than 2.5 kg/fd were delered
from the data set. Following intakc mea-
surcment, heifers returned to the preliminary
faciliry and were held for ar least 42 d prior to
asgignment to a subsequent group to minimize
carryover effects of ration encrgy concen-
trarion.

Sraristical analysis of data was canducted by
regression as outlined (23, 24), assuming all
varizbles to be conrinucus, Data fer was com-
pleted by including all variables from each trial
on a daily basis. First, sceond, and third order
polynomial regression using independent vari-
sbles ration fiber, density, daily gain, and
remperature and dependent variable DMI (g/kg
body weight'’®) and digestible encrgy intake
(DEI, kcal/kg body weight™) were evaluared

TABLE 1, Classificarion of experimenral treatments
and number of heifers' per trearment.

Treatment code for heifers

% MRC?! 100 kg BW? 200 kg BW 300 kg BW
85 1(14) 5(15) 7 (16)
95 2 (16) 6 (18) 10 (14)

105 3014 7 (16) 11 {16)

115 4(15) 5(15) 12 (15)

\ umber of heifers per treatrnent in rrials T and 2
in parentheses.

Ipgreent of MNariopal Research Council (NRC)
rocommendation for raton total digestible auerients.

1AW = Body weight.
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by improvement i r*, Body weight was evalu-
ated in a simiar fashion with DMI (kg/d) as
dependent variable,

AESULTS AND DISCUSSION

Chemical composition of ingredients used in
preliminary and cxperimenral periods is in
Table 2. All ingredients were of averape quaiity
and similar thoze of NRC (21). Animals were
healthy throughout the trial. One animal wae
removed after trecatmenr for infectious con-
junctiviris.

Basal ration fed during preliminary periad
averaged (DM basis) 50.5% DM, 92.6% CPF,
29.1% ADF, and 67% TDN durng Trial 1 and
30.7% DM, 9.2% CP, 28.1% ADF, and 68.2%
TDN during Trial 2. Mutrient coneentrations
were consistent with published requitcments
(21} except CP was slightly lower, Ingredient
compuosition of cxperimental rarions poaled for
both trials varied as energy in ration increased
(Tablc 3); this was required t¢ meet NRC
recommendations for protein, viramins, and
minerals, As dietary cnergy increased, amount
of hay in rarions decreased and high moisture
corn increased excepr in rarions fed to heifers

weighing 200 kg and fed for 115% NRC ree-
ommendation. More hay was included in this
ration than originally formulated — therefore,
energy is unchanged from 105% treatment.
Heifers in 200 and 300-kg groups were fed
100% orchardgrazs hay to meet 85% enerpy
recommendation.

Dry marrer intake, ration fiber, TDN, bulk,
animal paramerers, and tcmperature pooled for
both trials (Table 4) suggest 1 range of all
variahles except ambient remperature suf-
ficiently wide to be predictive of pracrical
situations.

Temperature extremes encountercd in this
study are not indicative of those in northern
portions of the US, It is probable that ambient
temperature did naor leave the thermoneutral
zone for exrended periods; thus, emperarure
did not affecr intake markedly. Intake did not
deaease above approximately 20 to 25°C as
predicted (22). It is posgible that when ambient
temperature was greater than 25°C, heifers
consumed feed during cooler night hours
when heat stress was not a facror. Dulphy (10)
reported that during hot weather 14 to 35% of
grazing ocours at pight in catile.

TABLE 2. Chemical compesition of feed ingredients used in preliminery and experimental rations,

Gronnd
orchard- High
Corn grass moifmre Soybean
silage hay coro
(% of dry marrer)
X SE 4 5E X SE X SE
Dry matter! 416 .9 871 5 754 & 76 3
Crude protein' 9.0 A 10.3 2 10.6 .1 479 .6
Acid detergent fiber! 27.5 7 11.7 B ] 6.4 4 126 .5
Taral digestible qutriens! 67.2 N | 537 1.0 B4.9 3 Bo.l A4
Macrominerals®
Calcium A6 02 A4 13 L2 0 7419
Fhosphorus A1 o 22 .02 .30 .03 H1 .01
Magmesium 23 .m .28 0B 21 .06 32 .05
Porassium 1.29 16 1.51 .08 27 10 212 .;m
Sodjum 02 01 05 4 Sl 0 01 01
Sulfyr? % T 25 L. o - 45 .

" Mean of 24 observarions.
* Mean of 2 cbssrvations.

! One observation,

Journal of Dairy Science Vol, 6%, No. 11, 19868
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TABLE 3. Percent* corn silage (CS), ground orcherd-
grass hay (HAY), soybean meal (SEM), high maoicture
corn (HMC), and minerals (MIN) in ration dry marrer.

TT' C5 HAY SBM HMC MIN*

1 27 43.3 8.3 15.1 4
2 44.7 24.8 B.1 197 .8
3 28.2 13.2 7.0 0.7 g
4 27.0 0 B.3 63.3 1.2
] 0 100.0 0 0 0
[ 51.9 4.8 3.9 8.8 5
7 42.1 278 4.8 5.0 4
-] 40.8 58 2.7 20.5 b
9 0 100.0 0 0 o
10 5.2 55.7 8 50 3
1 62.1 1.3 3 14.2 A
12 645 6.6 1.9 26.6 -

! Average of trials 1 and 2.
1gen Table 1 for trextment (Trr) enden
¥ Includes mincrals and sale.

Dry matter intake averaged 6.1 kg/d, ranging
from 0 to 16.8 ky/d. Minimum and maximum
predicted DMI for heifers from 100 to 400 kg
are 2.8 and 8.6 kg/d (21). Concentrations of
ADF and NDF in ration were greater than
those reporred to result in maximum DMI (8,
18), although minimum fiber in rations (9.4%
ADF, 24.1% NDF) should allow DMI to be
tegulated by energy requircment of the animal

(8, 18). Treaunents 5 and 9, containing 100%
hay, resulted in greatest fiher. Consumption of
DM in heifers fed all hay rations is restricted by
size of the snimal (9).

Intake of ration DM and independent
variables for all treatments are in Table 5. Dry
matrer consumption for cach weight group
tended ©o increase with increasing energy to
105% of TDN recommendation, then decrease
slightly (Table 5). Increased proportion of
concentrare in rations fed to heifers generally
resulrs in increased intake when rations are
offered for ad libitum consumption (13, 25)
until energy requirement of the animal is
reached Increased concentrare in the ration
above this point results in decreased DMI and
relatively constant DE consumpuon. Daily
gain increased an average of .2 kg/d with cach
incremental increase in mton energy for all
weight groups (Table 5). Weight giin has been
shown to increaze with inctessing concentrate
in the ration (12, 13, 14, 15) until intake is
maximum. With further increases in concen-
mate fecding, gain remains consmanr (12) or
declines slighrly (13).

Ration ADF and NDF tended to decrease
with increasing tation energy, reflecring the
relationship between fiber and energy content
of fceds. Bulk density increased with increasing
ravion energy, except in TMR fed heifers weigh-
ing 200 kg, which contained .08, .16, .14, and
.16 g/ml as fed (Table 5).

TABLE 4, Maun, standard ervor (3E), mininm and maximum dry matter inwake (DM}, revion acid detergent
fiber (ADF), neuttal detergent fiber (NDF), total digestible outients (TDN), bulk densicy (BULK), body weight
(BW), daily gin (GAIN}, und ambient temperature {AMBT) for all creatments.

n Mean SE Min Max
DMI! 4972 4.1 03 0 15.B
ADF? 26 30.0 8 9.4 45.4
NDF!? 28 51.6 1.2 24.1 72.4
TON? 98 &6.1 B 40.4 2.6
AULK? o0 18 o 06 33
EW* 5096 247.2 8 117.2 392.5
GAIN* L) 2 01 —-1.0 2.5
AMBT* 5032 12.5 . | —-11.3 25.4
! Kilograms per day.

3 Percent of DM,
3 Grams per millilicer as fed,

* Kilograme. Predicred by regresslon from weekly weights.

? Degress.
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Polynomial regression indicated that second
order polynomial regression best represents
effects of ration ADF, NDF, and bulk density
on DMI and DEI (Table 6). When gquadraric
effects were included r? of regression increased,
whereas only slight increases in r* were ob-
tained when cubic terms were included in
modcls (Table §). Body weight and daily gam
inereased linearly with increasing DMI and DET,
Quadratic and cubic terms improved precision
of modcls only slightly, Ration ADF, NDF, and
bulk density account for approximatcly twicc
the variation in data when DE is a dependent
variable, suggesting that DEI and ration fiber
are more related than DM and ration fiber.

Second order polynomial regression of
ration ADF, NDF, and buik density on DMI
and DEI are in Figures 1, 2, and 3, respectively.
Data were pooled by wteatment and weck
within mial ro remove daly and individual
animzl variadon. Dry matter intake ranged
from ﬁgpmximatcly 75 w 110 g/kg bady
weight'™ .| Digestible energy intake ranged from
approximartely 150 to 350 keal/kg body

+ Jim Quigley

QUIGLEY, III, ET AL.

weight*, which was similar ro recommended
dietary DE for growing ruminanrs (3). Maxi-
mum DMI and DE] were reached when ADF in
ration DM reached approximarely 21 and
16%, respectively (Figure 1). Jahn er al. (12)
and Kang and Liebholz (13) reported maximum
intake in heifers ac 20 and 23% ADF in ration
DM, respecrively. Both DMI and DE] decressc
as ADF increases above point of maximal
intake, and physical facrors related ro animal
sizec begin to restrict intake, It is of interest char
DM intake curvc plareaned before DE! curve.
Bull (5) reporred rhar depression of digestibility
shove mainrenance of intake resulted in maxi-
mal DEI occurring befare maximal DMI,
Estimation of DE from TDN may have resulred
in slight error in nature of DE curve.
Relationships between DML and NDF and
DEI and NDF (Figure 2) were similar to thosc
of ADF. Maximum intake of DM occurred
between 40 and 44% NDF, which was slighrly
higher than Mertens (18), who reporred that
optimum NDF in rarion DM for maximum DMI
in lactaving dairy cows ranged fram 32 to 40%.

TABLE §. First, second, and third arder polynomial regression of ration fiber and densicy, body weight and gain,
end ambicnt tempurature on dry mutter and digegrible energy intake.

Varable Order of zegression (r°)"

Dependent Independent n 1 s 3

DEI* ADF? 4972 A 48 A48
DMI ADF 4972 13 .20 20
DEI NDF 4972 36 A2 A3
DMI MNDF 4972 .13 20 21
DE! BULK 44636 37 A5 47
DMI BULK 4636 12 21 24
DEI GAIN 4735 13 14 A5
DM] GAIN 4738 .07 .D8 .08
DEI* . BW 4972 28 .29 .30
DMI BW 4972 43 43 43
DE1 AMEBT 45908 o 04 04
DM AMBT 4908 .01 .03 .04

*r? of firsr (1), second (2), gnd chird (3) grder polynomial regression.
*DE! = Digestible enargy intake (keal/kg body welght™* ), DM] = dry marter intake (g/kg body weighe?* ).

3ADF = Acid detergent fiber (% of dry marrer), NDF = neatral detergent fiber (% of dry maeter), BULK =
bulk dengity (g/ml aa fed), GAIN = hody weight gain (kg/d), BW = hody weighe (kg), AMBT = wnbient tcm-

peracure (" C).

*DEI = Digestible energy intake (kcal/d), DMI = dry matter intzke (kg/d).

Journal of Dairy Sclence Vol. 6%, No. 11, 1985
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Figure 1. Second order polynomial regression
of ecid derergent fiber on dry martter inmke (- - 4
n= 96 ! = .44, SY-’; = 11.1) and digestible energy
intake (=—;n = 6. 1" = .76, Sy y = 51.6) in heifers
weighing 100 w 400 kg.

Cartle with requiremenr for more energy will

alter point of maximal feed intake to regulage -

more accurately energy balance (5). Maximum
DEI occurred between 34 and 36% but changed
lirtle between 25 and 40% NDF (Figure 2).
Both DM! and DEI increased with increased
bulk density up te.25 and .26 g/ml as fed, then
decreascd as bulk continued ro increase (Figure
3). Bulk density resulted in Ezredictiun of DMI
equivalent (as esrimared by r’) to ADF (Table
6). Below approximately 25 g/ml intake
gppears o be limired by physical factors,
Second order polynomial regression of NDF
and DMI {Figure 2) produced r° similar to ADF
(Figure 1) and bulk density (Figure 3). Because
NDF iz reported to be highly correlared to
intake of forages (18, 26), it was of interesr
to determinc whether NDF was more highly
corrclated with DMI at higher NDF than lower
NDFE. Correlanions berween DMI, ADF, and

- 1 32
= Iz
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- - -l
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3:‘!' x| e E!E
0 1 ] 1 1 R T 1 Qe
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Miutra) Drilergent Fibar (% of dry maltar}

Figurc 2. Se¢cond order polynomial regression
of ncutral decrgent fiber on dry matter intake {-- -
n = 94 7 = 46, 5y 4 = 10.9) and digestible snerpy
intake (——; i = 96, 1° 2 .67, Sy x = 36.5) in heifers
weighing 100 to 400 kg.
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Figure 3. Second order polynomisl regression
of bulk density on dry matrer mike ( - -~ 0 = 26,
r’ = 46, S,y = 10.95) und digestible energy intake
(—; nw B 1= 69 Sy'x = 35,0} in hrifers weigh-
ing 100 to 400 kg.

NDF in ration DM and bulk densicy when NDF
in rarion DM was greater than 42% (point of
maximuam DMI) or Jess than 42% are in Tablec 7.
Corrclations berwean NDF and DMI at NDF
grearer and less than 42% were —.42 and —.03,
respectively, sugpesting thaz NDF iz more
important m regularion of voluntary intakc
when rations contain more NDF, Coefficients
between ADF and DMI were similar 1o NDF
when NDF was above and below 42%.

Bulk density was also highly correlated with
DMI when NDF was grearer than 42% of ration
DM (Table 7). When NDF was less than 42% of

TABLE 7. Correlation coefficients' of inmake of
dry matter end acid devergent fiber, neutral decergent
fiber, and bulk density when NDF in mation dry
Recter is greaver or less than 42%.

NDF in ration

Correlation? Greater ) Lets
DML:NDF —42 —.03*
DML ADF —42 —.03"
DMI:BULK 39 -0z
NDF:ADF .81 24
NDF:BULK -.92 -52

! All coefficients sipnificant (P<.001).

INumber of observations: preater w 4148, lewm =
£24. DMI = locgke of dry matter (g/kg body
weight™), NDF = neoeral detergent fiber (% of
ration DM), ADF » acid detcrgent fiber (% of rarion
DM), BULK = bulk density (g/ml es fed).

*P 05,

Journal of Dalry Sclence Vol. 649, Na. 11, 1986
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ration DM, correlation of bulk density, ADF,
and NDF with DMI were nonsignificant (P> .05).
Correlations between NDF and ADEF were (81
and .24 when NDF was greater and less than
42% of ration DM, rospectively. This suggests
thar ratio of NDF 1o ADF in ration DM changed
with varying types of feed ingredients used in
this wial. Correlation berween NDF and bulk
density was similar to that of NDF and ADF,

Addition of ration fiber terms w body
weight and daily gain should increase aceuracy
and precision of equations prediczing DMI in
dairy heifers, Selection of ADF, NDF, ar TDN
depends upon information available, Effects of
ambient temperarure were sratisrically sig-
nificant but may not be of practical importance
in remperare climsres,
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