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The timing, quantity and quality of
colostrum intake are keys to develop-
ment of passive immunity in young
calves. As the neonatal period
progresses, intake and ruminal effects
of the starter are key to performance
and the weaning process. Both of these
parameters were investigated in the
same recent study (Franklin et al.,
2003).

The design of this study was a 2 x 3
factorial model designed to evaluate
method of colostrum administration
and three physical forms of calf starter
on health and performance. Blocking
was by gender of Holstein calves born
at the University of Kentucky
Coldstream Dairy Farm. At birth, calves
were weighed and assigned to treatment
of suckled colostrum versus bottle-fed
colostrum with 30 total Holstein calves
(six female and nine male calves per
treatment).

Suckled calves stayed with their dams
for three days, with some initial suck-
ling help, for colostrum intake before
being moved to individual calf hutches.

Bottle-fed calves were removed from
their dam before suckling, fed 3 qt. of
colostrum by bottle (average time after
birth was 3 hours), placed in individual
calf hutches, and fed another 2 qt. of
colostrum by bottle 12 hours after the
first feeding.

Fresh colostrum from the dam was
used if the colostrometer reading was
greater than 60 immunoglobulin (Ig)/
ml. Otherwise, greater than 60 Ig/ml fro-
zen colostrum was warmed to at least

79°F and fed. After the first day, 2 liters
of whole milk were fed twice daily by
bottle or bucket. Since bottle-fed calves
did not have access to transition milk

as suckled calves would have had, it is
conceivable that suckled calves could
have had some beneficial effect from
bioactive growth factors (Kertz, 2002).
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Colostrum, starter intakes key
to immunity, calf performance

1. Ingredient and nutrient content of starters
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Ingredient, % Ground Pelleted Texturized
_______________________________________________________________________________________________________________________________________

Cracked corn 27.9 39.9 27.1
Oats 35.2 0 13.1
Soybean meal 29.5 0 0
Wheat middlings 0 25.8 20.5
Corn gluten meal 0 11.0 15.0
Molasses 4.2 5.0 8.9
Blood meal 0 5.2 3.2
Alfalfa meal 0 2.6 2.1
Dried whey 0 2.6 2.6
Dried corn distillers grains 0 2.6 2.1
Lignin sulfonate 0 0.56 0.28
Yeast 0 0.26 0.26
Mannanoligosaccharide 0 0.21 0.21
Flavoring 0 0.11 0.11
Nutrient

DM, % 88.9 87.6 87.0
CP, % 21.2 22.2 25.8
ADF, % 7.4 7.4 7.9
NDF, % 13.9 16.2 16.9
Crude fat, % 3.9 4.2 4.7
Calcium, % 0.91 1.26 1.61
Phosphorus, % 0.55 0.56 0.64
Potassium, % 0.97 0.74 0.71
Sodium, % 0.33 0.44 0.42

2. Performance of calves provided colostrum by suckling or bottle fed
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Variable Bottle Suckling % CVa
_______________________________________________________________________________________________________________________________________

Average days to weaning 35.0 31.5 11.8
Gain, lb. 46.9 44.7 15.3
Initial bodyweight, lb. 86.3 90.1 —
Final bodyweight, lb. 133.2 134.8 —
Total starter intake, lb. 31.3 39.0 33.2
Total milk consumed, qt. 141.1 135.8 8.2
Increase in serum protein,

birth to 24 hours, % 42.4 28.5 34.9
Days with fecal score > 2 4.9 5.8 56.5
Electrolyte treatments per calf 7.6 9.3 72.9
_______________________________________________________________________________________________________________________________________

aCoefficient of variation in percent.

3. Performance of calves fed ground, pelleted and texturized starters
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Variable Ground Pelleted Texturized % CV
_______________________________________________________________________________________________________________________________________

Average days to weaning 31.9ab 36.8a 31.1b 9.6
Total gain, lb. 46.0ab 40.7b 50.9a 13.1
Average daily gain, lb. per day —

Weeks 0-6 1.10 0.97 1.21 —
Weeks 0-3 0.62 0.51 0.73 —
Weeks 4-6 1.56 1.41 1.72 —

Total starter intake, lb. 38.8ab 24.7b 41.8a —
Starter intake by period, lb. 27.4

Weeks 0-3 4.0 1.8 3.3 53.2
Weeks 4-6 34.8ab 22.9b 38.5a 26.5

Total milk intake, qt. 136ab 147a 132b 6.7
Days with fecal score > 2 5.6 5.5 3.9 46.8
Electrolyte treatments/calf 8.8 8.9 4.8 53.6
_______________________________________________________________________________________________________________________________________

abP < 0.05.
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At three days of age, all calves were

assigned to treatment of ground,
pelleted or texturized starters (four fe-
male and six male calves per treatment).
Ideally, the ingredient formulations for
the three starters would have been the
same — with the exception of physical
form — so this would not be a con-
founding factor.

All three starters were formulated for
22% crude protein (CP) and contained
lasalocid, but the pelleted and
texturized starters were formulated as
typical commercial-type starters, ac-
cording to the authors. Differences (%
of total dry matter [DM]) among most
ingredients that varied, and accompa-
nying chemical composition, are shown
in Table 1.

The pelleted and texturized starters
were more similar to each other in in-
gredient content but differed when
compared to the ground starter in a
number of ingredients. They also con-
tained higher selenium than ground
starter (not shown), but calculated en-
ergy levels were the same. CP was near
targeted level of 22% for the ground
and pelleted starters but considerably
higher at 25.8% for the texturized
starter.

Starter intake was determined daily,
bodyweight was obtained weekly and
fecal scores and health observations
were recorded at the morning feeding.
Water was provided ad libitum for
calves from three days of age through-
out the study.

Weaning was initiated after calves
had consumed 1.5 lb. of starter daily
for two consecutive days. Then, calves
were weaned by feeding only one of
two liters of whole milk twice daily
for four days, followed by complete
weaning from milk on the fifth day.
Jugular blood was obtained as soon as
possible after birth, at 24 hours and
weekly for six weeks. Immunoglobu-
lin M (IgM) and immunoglobulin G
(IgG) were assayed by ELISA while
total serum protein concentrations
were determined by a handheld refrac-
tometer.

Average days to weaning approached
being significantly (P = 0.10) lower for
suckled versus bottle-fed calves, but
only percent increase in serum protein
from birth to 24 hours was lower (P <

0.05) for suckled versus bottle-fed
calves (Table 2). Serum protein concen-
tration (SPC) at birth was similar at 4.2
and 4.4 g/dl for bottle-fed versus suck-
led calves.

While mean SPC did not differ by
treatment, at 24 hours of age, SPC was
greater (P = 0.03) for bottle-fed versus
suckled calves. Also, the greater per-
cent increase from birth to 24 hours of
age for bottle-fed versus suckled (42.4
and 28.5%, respectively) supports other
studies that calves nursing dams do not
assimilate as much antibody protection
than those directly hand fed. This dif-
ference at 24 hours diminished (P = 0.1)
at week 1 and was approximately the
same for the balance of the study at an
average of 5.5 g/dl. This latter number
is consistent with recommendations of
5.0-5.5 g/dl.

Mean IgM and IgG concentrations
did not differ between suckled and
bottle-fed calves.

The authors speculated that reduced
age at weaning might have been due to
suckled calves being more aggressive
in searching out available feed (i.e.,
starter) due to their suckling experience.
Since weaning was determined by
starter intake, it is axiomatic that starter
intake was numerically higher for suck-
led calves.

There were no differences in fecal
score and electrolyte treatments.

The pelleted starter did not fare as
well as other starter treatments (Table
3). Average days to weaning, body-
weight gain, total starter consumption,
starter consumed from four to six weeks
of age and total milk consumed all dif-
fered (P < 0.05) between pelleted starter
and texturized starter with ground
starter being intermediate. This is con-
sistent with the pelleted starter having
no real particle size compared to the
texturized starter and most likely hav-
ing smaller particle size or less masti-
cation and/or rumination than even the
ground starter.

Additionally, the highest level of
blood meal would have made this starter
the most unpalatable of the three start-
ers. The classic study of Warner et al.
(1973) substantiated that particle size
was more critical than fiber level per se
in a calf starter. Their mash (i.e.,
texturized) starters had particle sizes

that averaged 63% greater than 2,380
microns and 24% from 1,190 to 2,380
microns as compared to 6 and 19%, re-
spectively, for pelleted starters (Porter,
1973).

Low starter intake during the first
three weeks of age would be expected
because of the high fat level in whole
milk fed and because of the negative
effect of fat level in the milk/milk re-
placer on starter intake (Kuehn et al.,
1994).

Average total starter intake of 3 lb.
during the first three weeks in Table 3
contrasts to about 13.5 lb. in a sum-
mary of studies in which the milk re-
placer fat levels ranged from 8 to 15%
and a commercial texturized starter was
fed (Kertz et al., 1979).

Total bodyweight gain in the first
three weeks was similar at 12.9 lb. in
Table 3 and 11.3 lb. in the 1979 sum-
mary. This illustrates the interrela-
tionship between energy and feeding
level of milk/milk replacer, starter
intake and bodyweight gain. In an
earlier weaning program (four to six
weeks of age), this relationship is
critical in how calves perform as this
study (Franklin et al., 2003) and au-
thors indicated.

The Bottom Line
Method, quantity fed and timing of

colostrum feeding influences serum
protein concentrations in calves. The
composition and physical form of
starters influences intake and subse-
quent performance of calves.
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