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ABSTRACT

Lactoferrin is a milk protein that exhibits broad-spec-
trum antimicrobial properties. Previous studies indi-
cated that supplemental lactoferrin may alter the mi-
crobial populations in the gut of nonruminants and in-
crease preweaning weight gains in calves. In the
present study, 40 Holstein calves were used to examine
the effects of supplemental lactoferrin (0, 1, 2, or 3 g/
d) on health, growth, and feed intake from 3 d of age
to 2 wk postweaning. Lactoferrin was mixed and fed
with a nonmedicated milk replacer. Calves were housed
in individual pens and offered a textured, nonmedicated
starter and water for ad libitum consumption. Body
weight and heart girth were measured weekly. Intakes
of milk replacer and starter were determined daily.
Fecal consistency was monitored three times per week.
Calves were weaned when they met certain criteria
based on body weight gain and starter intake. Prewean-
ing fecal score responded quadratically, with the group
fed 1 g/d of lactoferrin having the lowest score. Overall
and preweaning number of days medicated responded
in the same manner as fecal score. Preweaning average
daily gain and gain-to-feed ratio increased linearly with
lactoferrin supplementation, whereas postweaning
gain-to-feed ratio decreased linearly with lactoferrin.
Overall average daily heart girth gain increased lin-
early with lactoferrin. Body weight, weaning age, and
dry matter intake were not different among treatments.
Based on the observed improved gain-to-feed ratios,
increased average daily gains, improved fecal scores,
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and reduced morbidity in preweaned calves, it appears
that lactoferrin may be a beneficial supplement in the
diets of neonatal calves prior to weaning.
(Key words: calves, health, lactoferrin, weaning)

Abbreviation key: ADG = average daily gain, LF =
lactoferrin.

INTRODUCTION

It is well accepted that colostrum is an essential part
of the newborn calf’s diet. The primary reason for the
benefits of colostrum is the passive transfer of maternal
immunoglobulins to the newborn. In addition to immu-
noglobulins, colostrum and milk contain many other
bioactive substances that are important for the develop-
ment of the immune system and for fighting infections
in the newborn (Shah, 2000). Lactoferrin (LF) is among
these bioactive compounds. Lactoferrin is an iron-bind-
ing glycoprotein present in the colostrum and milk of
most mammals (Masson and Heremans, 1971) and in
many body secretions including bronchial mucus (Fahy
et al., 1993) and tears (Kijlstra et al., 1983). Compared
to other species, bovine milk and colostrum have rela-
tively low concentrations of LF. Bovine colostrum con-
tains approximately 2 mg of LF per milliliter (Tsuji et
al., 1990), and mature milk contains 20 to 200 μg/ml
(Masson and Heremans, 1971). Lactoferrin is also pres-
ent at high concentrations (up to 100 mg/ml) in the
mammary secretions of the nonlactating cow (Rejman
et al., 1989). As an antimicrobial protein, LF produced
by the mammary gland may serve a dual role protecting
both the mammary gland and the neonatal intestine
from infection.

Diarrhea is the most common ailment in young calves
causing more than 52% of preweaning deaths (NAHMS,
1993). Diarrhea can be caused by a variety of bacteria
or viruses, but the most common pathogens are entero-
toxigenic Escherichia coli, rotavirus, coronavirus,
Cryptosporidium, and Salmonellae (Tromp, 1990).
Studies have shown that LF has activity against at
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least two of these pathogens, E. coli (Teraguchi et al.,
1994) and rotavirus (Superti et al., 1997). These data
suggest that LF may prevent infection by these organ-
isms in the calf. Evidence has shown that LF has bacte-
riostatic activity in vivo. Orally administered bovine
LF suppresses the proliferation of intestinal E. coli in
milk-fed mice (Teraguchi et al., 1994). If similar activity
is observed in the gastrointestinal tract of young calves,
there is potential for using LF as a preventative supple-
ment to reduce the occurrence of disease or as a treat-
ment for neonatal diarrhea.

Because bovine colostrum and milk contain a low LF
concentration, supplementing the diets of preweaned
calves with LF could improve their health and overall
performance. Results from a recent study conducted in
our laboratory demonstrated that calves fed 1 and 10
g/d of LF during the preweaning period weighed more,
had increased ADG, tended to consume more dry feed,
and tended to have increased feed efficiency (gain/DMI;
Joslin et al., 2002). Calves fed 1 g/d of LF had a greater
preweaning ADG than calves fed 10 g/d LF.

The objective of the present study was to further
examine the effects of supplemental LF on calf health,
growth, feed intake, and feed efficiency.

MATERIALS AND METHODS

Calves, Diets, and Treatments

This experiment was reviewed and approved by the
University of New Hampshire Institutional Animal
Care and Use Committee (Approval #010201).

At birth, 40 Holstein calves (36 heifers and four bulls)
were randomly assigned by blocks of four, to one of four
treatments: 0 (control), 1, 2, or 3 g/d of LF. The iron
saturation of the LF (Agri-Cell, Methuen, MA) was 13.2
mg/100 g. All calves received 2 L of good quality colos-
trum, tested by a colostrometer, within 3 h after birth,
and another 2 L of good quality colostrum 8 to 12 h
later. Calves were removed from their dam before the
first colostrum feeding and placed in a naturally venti-
lated, enclosed calf room, in individual pens. Pens were
bedded with kiln-dried sawdust. The calves remained
in their pens for the duration of the study. On the day
of birth, an initial BW was obtained before the second
feeding of colostrum. On d 2, calves were fed a nonmedi-
cated, all-milk protein milk replacer (Dairy Maid, Blue
Seal Feeds, Londonderry, NH) in two feedings at 0700
and 1500 h. Beginning on d 2, every day each calf re-
ceived 1.2% of its initial BW, in milk replacer powder.
The milk replacer powder was divided into two equal
portions, and each portion was reconstituted in 2 L of
warm water immediately before feeding. Starting on d
3, and continuing until 14 d postweaning, calves had
unlimited access to a nonmedicated starter (Calf
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Starter, Blue Seal Feeds) and fresh water. Starting on
d 3, LF treatment was mixed with milk replacer and
divided equally among the two feedings. Fresh starter
and milk replacer were given to calves twice daily.
Starter orts were collected and weighed daily. The
starter consisted of steam-flaked corn, crimped oats,
molasses, and pellets. Calves were weaned abruptly
when they met the following four criteria: 1) minimum
of 21 d old, 2) daily starter DMI was ≥1% of initial BW,
for three consecutive days, 3) cumulative starter DMI
was ≥9% of initial BW, and 4) weight gain was ≥12%
of initial BW (Greenwood et al., 1997). Calves were
removed from the study at 14 d postweaning.

Feed Intake and Feed Analysis

Feed intake was calculated on a daily basis. The DM
of the orts was determined daily, and the DM of the
starter and milk replacer powder was determined for
each 22.7-kg bag. The DM of the milk replacer powder,
starter, and orts was determined by drying samples in
a forced-air convection oven (VWR Scientific Products
Corp., Boston, MA) at 60°C for 24 h. Samples of starter
and milk replacer powder were saved from each bag of
feed and stored at −20°C. When the study was com-
pleted, samples were composited by shipment (20 bags/
shipment of starter, and 10 bags/shipment of milk re-
placer) for nutrient analysis. Composited starter sam-
ples were dried in the forced-air convection oven at 60°C
for 6 h and ground through a 1-mm screen using a
Wiley mill (Thomas Scientific, Swedesboro, NJ). Milk
replacer and starter were analyzed for CP (AOAC,
1979), fat, or fatty acid content (AOAC, 1995), and Ca,
P, Mg, and Fe (AOAC, 1990). Starter was also analyzed
for NDF (Goering and Van Soest, 1970). Water was
tested for iron levels by atomic absorption (Clesceri et
al., 1989). Milk replacer was reconstituted to 12.2% DM
for determination of LF levels using ELISA (Bethyl
Laboratories, Inc., Montgomery, TX).

Measurements

Calves were weighed and measured for heart girth
once per week. Calves born on Friday through Monday
were weighed and measured every Monday, and calves
born on Tuesday through Thursday were weighed and
measured every Thursday. Calves were also weighed
at birth, weaning, and 14 d postweaning. Evaluation of
fecal consistency was performed by three independent
scorers every Monday, Wednesday, and Friday. Two of
the three scorers were blind to treatment. Feces were
scored on a scale of 1 to 4, with 1 = firm and 4 = watery
diarrhea. Sick days were recorded as any day that a
calf received medication. Medication was given to calves
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Table 1. Chemical analysis of milk replacer and starter.

Milk
Item replacer Starter

DM, % 97.58 89.60
CP, % DM 21.91 23.16
Fatty acids, % DM 21.04 . . .
Fat , % DM . . . 4.15
NDF, % DM . . . 23.89
Ca, % DM 1.38 0.93
P, % DM 0.95 0.81
Mg, % DM 0.20 0.36
Fe, mg/kg 88.50 162.20

that had a fecal score greater than or equal to 3 (antibi-
otic and electrolyte treatment), or calves that had a
rectal temperature greater than 39°C.

Statistical Analysis

A randomized, complete block design was used, and
calves were randomly assigned to treatments in blocks
of four. Analysis of variance was conducted using the
MIXED procedure of SAS (SAS release 8.2, 2001). The
mixed effects model used was:

Yij = μ + bi + Lj + KCijk + eijk

where

Yijk is the dependent variable,
μ is the overall mean,
bi is the random effect of block i (i = 1, ...10),
Lj is the fixed effect of the jth lactoferrin level

(j = 0, ...3),
K is the regression coefficient of the covariate

C,
Cijk is the value of the covariate variable for the

kth calf, of the ith block, of the jth lactofer-
rin level (k = 1, ...4), and

eijk is the random error associated with the calf
k, in block i, that received lactoferrin level
j.

Initial BW was used as a covariate for all measures.
Significance was determined at a probability value
≤0.05. Data were tested for linear, quadratic, and cubic
responses to level of LF supplementation. The data from
one calf, on the 2-g treatment, were removed from the
statistical analysis, due to abnormal eating habits and
severe illness.

RESULTS

Chemical analyses of milk replacer and starter are
shown in Table 1. Iron content of the water used to mix
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Figure 1. Least square means of preweaning fecal scores of calves
fed different amounts of lactoferrin during the preweaning period
(fecal score: 1 = firm to 4 = watery diarrhea). LF = Lactoferrin. Stan-
dard error = 0.05. Quadratic response P = 0.01.

the LF and milk replacer was less than the detection
limit of the assay (0.10 mg/kg). Lactoferrin content of
the reconstituted milk replacer was 0.014 ± 0.002
mg/ml.

Preweaning fecal scores followed a quadratic pattern,
with the group fed the 1-g treatment having the lowest
score and the control group having the highest score
(Figure 1). During the second week, calves fed LF had
lower fecal scores than did controls (Table 2). Prewean-
ing (Figure 2), wk 3, and overall number of days medi-
cated responded in a quadratic fashion (Table 2). The
group fed the 1-g treatment had the lowest number of
days medicated, and the control group had the highest.
The number of days medicated in wk 6 decreased lin-
early with increasing amounts of LF.

Calves consumed all colostrum and milk replacer.
Body weight and weaning age were not different among
treatments (Table 3). No differences in starter DMI
were observed (Table 3). However, at wk 5 there was
a linear trend (P = 0.10) for increasing starter DMI with
increasing amounts of LF. As mentioned previously,
the average weaning age for these calves was around
28 d, and while there was not a significant response
seen in weaning age, the calves fed 0 and 1 g of LF
tended to have later weaning dates than the calves fed
2 and 3 g LF. While only 1 to 2 d separate the weaning
ages, this could make a difference in the average daily
starter DMI seen during the week after weaning (wk 5).

Preweaning average daily gain (ADG) increased lin-
early with LF supplementation (Table 3). A quadratic
response occurred in wk 5; the calves receiving the 0-
and 3-g treatments had higher ADG than the calves
receiving the 1- and 2-g treatments (Table 3).

Preweaning feed efficiency (gain/DMI) increased lin-
early with increasing LF supplementation, whereas
postweaning feed efficiency decreased linearly (Table
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Table 2. Least square means of overall, preweaning, and postweaning fecal score and number of days
medicated of calves fed different amounts of lactoferrin during the preweaning period.

Lactoferrin1 (g/d) Contrast2,3 (P = )

0 1 2 3 SE L Q

n 10 10 9 10 . . . . . . . . .
Fecal scores4

wk 1 2.28 2.13 2.13 2.15 0.09 NS NS
wk 2 2.61 2.15 2.28 2.18 0.10 0.01 0.06
wk 3 2.27 2.23 2.33 2.38 0.11 NS NS
wk 4 2.24 2.24 2.19 2.41 0.09 NS NS
wk 5 2.45 2.38 2.52 2.49 0.11 NS NS
wk 6 2.45 2.53 2.59 2.48 0.13 NS NS
wk 7 2.28 2.37 2.19 2.05 0.30 NS NS
Preweaning 2.38 2.17 2.23 2.28 0.05 NS 0.01
Postweaning 2.39 2.43 2.46 2.48 0.09 NS NS
Overall 2.38 2.29 2.33 2.35 0.05 NS NS

Days medicated
wk 1 0.70 0.00 0.12 0.00 0.29 NS NS
wk 2 1.41 0.23 1.11 1.20 0.45 NS NS
wk 3 2.20 0.20 0.55 1.40 0.54 NS 0.01
wk 4 0.67 0.45 0.29 1.31 0.39 NS NS
wk 5 0.67 0.65 1.20 1.21 0.55 NS NS
wk 6 0.71 0.82 0.65 0.14 0.33 0.04 NS
wk 7 0.60 0.00 0.05 0.44 0.54 NS NS
Preweaning 4.70 1.59 2.01 3.40 0.89 NS 0.02
Postweaning 1.98 0.86 1.83 2.01 0.82 NS NS
Overall 6.67 2.45 3.84 5.41 1.30 NS 0.03

1Calves were supplemented with either 0, 1, 2, or 3 g/d of lactoferrin added to milk replacer during the
preweaning period.

2Contrasts: L = linear and Q = quadratic; NS = nonsignificant (P > 0.10).
3A cubic effect was observed for wk 2 fecal score (P = 0.05), all other cubic effects were NS.
4Fecal score: 1 = firm through 4 = watery diarrhea.

3). Similar to ADG, wk-5 feed efficiency tended (P =
0.07) to respond quadratically, with the 0-g and 3-g
treatments having higher feed efficiency than the 1-g
and 2-g treatments. Overall, average daily heart girth
gain increased linearly (P = 0.02) with LF level (0.25,
0.24, 0.29, 0.31 cm/d; SE = 0.02) for treatments 0, 1, 2,
and 3 g/d.

Figure 2. Least square means of preweaning number of days
medicated of calves fed different amounts of lactoferrin during the
preweaning period. LF = Lactoferrin. Standard error = 0.89. Qua-
dratic response P = 0.02.
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DISCUSSION

The results of the present study may be explained
by three of the functions of LF: antibacterial activity
(Teraguchi et al., 1994), growth factor activity (Zhang
et al., 2001), and ability to stimulate glucose absorption
(Teraguchi et al., 1998). Improved intestinal health,
as demonstrated by reduced fecal scores, and reduced
numbers of days medicated is probably a function of
the antibacterial activity and immunomodulatory prop-
erties of LF. Increased growth responses are probably
related to the ability of LF to increase intestinal growth
and nutrient absorption, and therefore, feed efficiency.

Diarrhea is a major problem in young calves, espe-
cially during the preweaning period. In the present
study, preweaning fecal scores were the lowest for the
calves fed 1 g/d LF and the highest for the control calves.
Preweaning and total number of days medicated fol-
lowed a similar response pattern. It has been demon-
strated that LF has bacteriostatic and bactericidal
properties that are effective against pathogenic bacte-
ria such as E. coli (Dionysius et al., 1993; Teraguchi
et al., 1994). More specifically, calves treated with a
preparation containing LF and the lactoperoxidase sys-
tem were able to survive a lethal intestinal infection of
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Table 3. Least square means of BW, weaning age, weekly, overall, preweaning, and postweaning, starter
DMI, ADG, and gain/DMI for calves fed different amounts of lactoferrin during the preweaning period.

Lactoferrin1 (g/d) Contrast2,3 (P = )

0 1 2 3 SE L Q

n 10 10 9 10 . . . . . . . . .
Body weight, kg
Initial 43.2 43.4 42.9 43.0 0.2 NS NS
Weaning 50.3 51.3 51.3 51.5 0.7 NS NS
Final 60.5 60.6 60.6 59.9 1.4 NS NS

Weaning age, d 28.0 29.0 26.5 26.6 1.3 NS NS
Starter DMI, kg/d
wk 1 0.04 0.05 0.03 0.02 0.01 NS NS
wk 2 0.13 0.13 0.11 0.10 0.02 NS NS
wk 3 0.27 0.27 0.30 0.29 0.05 NS NS
wk 4 0.64 0.63 0.68 0.72 0.10 NS NS
wk 5 1.19 1.11 1.30 1.38 0.11 0.10 NS
wk 6 1.69 1.52 1.73 1.65 0.12 NS NS
wk 7 1.78 1.55 1.86 1.94 0.19 NS NS
Preweaning 0.24 0.23 0.23 0.23 0.02 NS NS
Postweaning 1.41 1.38 1.39 1.44 0.06 NS NS
Overall 0.74 0.72 0.75 0.75 0.05 NS NS

ADG, kg/d
wk 2 0.04 0.26 0.18 0.25 0.09 NS NS
wk 3 0.25 0.26 0.36 0.35 0.11 NS NS
wk 4 0.44 0.34 0.45 0.35 0.09 NS NS
wk 5 0.60 0.44 0.48 0.68 0.09 NS 0.04
wk 6 0.57 0.52 0.70 0.65 0.13 NS NS
wk 7 1.08 0.87 0.90 0.78 0.32 NS NS
Preweaning 0.28 0.30 0.35 0.36 0.03 0.02 NS
Postweaning 0.74 0.66 0.66 0.60 0.08 NS NS
Overall 0.44 0.42 0.46 0.45 0.03 NS NS

Gain/DMI, kg/kg
wk 2 0.08 0.40 0.27 0.42 0.14 NS NS
wk 3 0.30 0.39 0.45 0.37 0.13 NS NS
wk 4 0.43 0.34 0.45 0.34 0.09 NS NS
wk 5 0.48 0.37 0.36 0.49 0.06 0.07 NS
wk 6 0.33 0.30 0.37 0.34 0.07 NS NS
wk 7 0.61 0.55 0.36 0.27 0.18 NS NS
Preweaning 0.38 0.41 0.48 0.49 0.04 0.01 NS
Postweaning 0.52 0.46 0.45 0.42 0.04 0.04 NS
Overall 0.43 0.42 0.44 0.43 0.02 NS NS

1Calves were supplemented with either 0, 1, 2, or 3 g/d of lactoferrin added to milk replacer during the
preweaning period.

2Contrasts: L = linear and Q = quadratic; NS = non-significant (P > 0.10).
3There were no significant cubic effects.

enterotoxigenic E. coli (Still et al., 1990). With E. coli
being the principle pathogen responsible for neonatal
calf diarrhea, supplemental LF may have reduced the
establishment of E. coli in the gut of the calf, leading
to reduced bouts of diarrhea. Similarly, LF has been
shown to be effective against the diarrhea-causing
pathogen, rotavirus (Superti et al., 1997). If calves in
this study were exposed to rotavirus, then LF may have
played a role in reducing the occurrence of infection by
this virus.

From the results of this study, it appears that of the
doses given, 1 g/d LF was the optimal dose for reducing
disease. This finding is consistent with previous results
from our laboratory, where calves fed 1 g/d of LF had
lower numbers of days medicated than calves fed 0 or
10 g/d of LF (Joslin et al. 2002). However, in the previ-
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ous study, this result was not significant, probably due
to a small sample size. The results of these two studies
make it apparent that the higher doses of LF are not as
effective at reducing disease. Supplementing the milk
replacer with 1 g/d of LF brought the total concentration
of LF in the milk replacer to a concentration similar to
that found in average bovine whole milk (250 mg/ml).
The intestinal system of the newborn calf may be best
adapted to utilizing this low level of LF to optimize
health. Adding LF to milk replacer may be a way to
make it more similar to milk, which may benefit the
health of calves. It is clear from the results of this study
that 1 g/d of supplemental LF improves health during
the preweaning period. It should be noted here that the
calves in this study were well-managed and generally
healthy. The fact that LF improved the health of calves



LACTOFERRIN FOR CALVES 1463

in a high-quality environment suggests that where con-
ditions are less desirable, LF may be even more effective
at improving health.

While LF supplementation resulted in health re-
sponses, it also resulted in growth and feed efficiency
responses. During the preweaning period, when the
calves were receiving treatments, ADG and gain/DMI
increased linearly as the level of supplemental LF in-
creased. Intake of DM was not affected by LF supple-
mentation. These results are similar to those of our
previous study except that they found that calves fed
the 1-g treatment had higher ADG and gain/DMI than
calves fed the 10-g treatment (Joslin et al., 2002). This
suggests that the linear effect of LF supplementation
on ADG and gain/DMI does not continue up to 10 g/d.

It cannot be determined from this study whether the
growth and feed efficiency responses to LF supplemen-
tation are indirect effects of improved health or direct
effects on increased nutrient absorption. Lactoferrin is
known to act as a growth factor by stimulating mucosal
growth of the small intestine in vivo. Zhang et al. (2001)
observed that the small intestine weight of rat pups
consuming milk containing 12 mg/ml of human LF in-
creased 27%, and intestinal length increased by 6.5%
compared with rat pups consuming milk containing no
human LF. In the present study, it is possible that the
supplemental LF was acting as a growth factor in the
small intestine of the calf. A more developed intestinal
mucosa will have greater absorptive ability, allowing
the calf to absorb more nutrients. Therefore, calves that
received supplemental LF may have been able to absorb
more nutrients from their feed and may have been more
efficient at converting feed into BW gain.

During the postweaning period, after calves had
stopped receiving supplemental LF, gain/DMI de-
creased linearly with increased feeding of LF during
the preweaning period (Table 3). Our previous study
did not show this postweaning effect. In spite of the
decreased feed efficiency, postweaning ADG was not
different among treatments. More research is needed
to determine how LF is affecting feed efficiency, both
preweaning and postweaning.

Over the entire experimental period, average daily
heart girth gain increased linearly with increased LF
supplementation. Increased hearth girth gains were
probably due to increased skeletal growth. Perhaps the
increased feed efficiency during the preweaning period
allowed the LF-supplemented calves to grow more than
the control calves.

It seems that supplemental LF improves the growth
rates and health of preweaned calves. More research
should be performed to further understand the mode
of action of LF and its improvement in growth rates
of calves. Due to the reduced occurrences of diarrhea,
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providing young calves with supplemental LF could be
economically beneficial to the dairy producer, because
of reduced costs for medication and labor. The reduced
occurrence of diarrhea, seen in the preweaned calf, sup-
plemented with 1 g/d of LF, is supported by the differ-
ences seen in wk 2 for fecal scores and wk 2 and 3 for
number of days medicated. Based on these results, it
may be beneficial for dairy producers to feed 1 g/d of
LF to calves for the first 21 d of life.

Using LF as a preventative supplement or as a treat-
ment for diarrhea could reduce the use of traditional
antibiotics. Due to the ever-increasing prevalence of
antibiotic-resistant strains of bacteria, LF may play
an important role in future medicine. Several recent
studies have shown that LF is effective against antibi-
otic resistant bacteria and that it is able to reduce the
resistance of some bacteria to antibiotics (Aguila et al.,
2001; Leitch and Willcox, 2001). Lactoferrin could be
used as a replacement for traditional antibiotics, or
it could be used adjunctively with antibiotics to treat
antibiotic-resistant bacteria.

CONCLUSIONS

Lactoferrin supplementation at 1 g/d reduced fecal
scores and the number of days medicated. Average daily
gain and feed efficiency were increased by LF supple-
mentation of preweaned dairy calves. However, feed
efficiency responded in the opposite manner postwean-
ing. Research with calves should evaluate the efficacy
of LF doses that are less than 1 g/d and the efficacy of
supplementing LF in the diet after weaning. It should
be determined if LF would be most useful as a preventa-
tive supplement or as a treatment for diarrhea.
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