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ABSTRACT

The effects of lactoferrin (LF) on the immune system
have already been shown by many studies. Unfortu-
nately, the current methods used to measure LF levels
in milk do not permit the study of the genetic variability
of lactoferrin or the performance of routine genetic eval-
uations. The first aim of this research was to derive a
calibration equation permitting the prediction of LF in
milk by mid-infrared spectrometry (MIR). The calibra-
tion with partial least squares on 69 samples showed
a ratio of standard error of cross-validation to standard
deviation equal to 1.98. Based on this value, the calibra-
tion equation was used to establish an LF indicator
trait (predicted LF; pLF) on a large number of milk
samples (n = 7,690). A subsequent study of its variabil-
ity was conducted, which confirmed that stage of lacta-
tion and lactation number influence the overall pLF
level. Small differences in mean pLF among 7 dairy
breeds were also observed. The pLF content of Jersey
milk was significantly higher than that in Holstein
milk. Therefore, the choice of breed could change the
expected LF level. Heritability estimated for pLF was
19.7%. The genetic and phenotypic correlations be-
tween somatic cell score and pLF were 0.04 and 0.26,
respectively. As somatic cell score increases in presence
of mastitis, this observation seems to indicate that pLF,
or a function of observed pLF, compared with expected
LF might have potential as an indicator of mastitis.
The negative genetic correlation (−0.36) between milk
yield and pLF could indicate an undesirable effect of
selection for high milk production on the overall LF
level.
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INTRODUCTION

First isolated from human and bovine milk and char-
acterized in the 1960s, lactoferrin (LF) is a highly posi-
tively charged 78-kDa, bilobal, iron-binding glycopro-
tein. Lactoferrin belongs to the transferrin gene family
(Mead and Tweedie, 1990; Ward et al., 2005) and con-
sists of a single 690-AA polypeptide chain folded into
2 lobes that show sequence homology with each other
(Pierce et al., 1991). Each lobe presents a binding site
for a ferric ion along with a synergistic anion, usually
bicarbonate (Brock, 1995; Baker and Baker, 2004,
2005).

Lactoferrin is found in most biological fluids includ-
ing colostrum (1.5 to 5 g/L), mature milk (0.1 g/L), tears
(2 g/L), and blood (1 mg/L) (Gaunt et al., 1980; Farnaud
and Evans, 2003; Baker and Baker, 2004, 2005). Unlike
other proteins found in milk, LF is secreted in abun-
dance by mammary epithelial cells throughout mam-
mary development, including the nonpregnant, nonlac-
tating, and involuting stages. This protein is present
naturally in higher concentrations during the later pre-
partum lactating and dry periods (0.25 to 0.40 g/L) than
in early lactation stages (Hagiwara et al., 2003; Baum-
rucker et al., 2005; Pugovel et al., 2005). Lactoferrin
can also be released by polymorphonuclear neutrophils
during inflammation (20 to 80 g/L; Kutila et al., 2004).

Thus, because of its actions, LF is important to main-
tain a good immune system. Several roles allotted to LF
are clearly related to its reverse iron-binding properties
(Mead and Tweedie, 1990; Baker and Baker, 2004).
Lactoferrin seems to act as a general antibacterial mole-
cule (Baker, 2005) and seems to present antifungal ef-
fects against Candida spp. in combination with fluco-
nazole, and antiviral activities by inhibiting virus repli-
cation after viral infection and by competing for host cell
molecules that the virus uses as a (co)receptor (Farnaud
and Evans, 2003). Lactoferrin might also be involved
in host defense mechanisms (Ward et al., 2005). In fact,
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this molecule is associated with the activation of natu-
ral killer cells, leukocytes, and monocytes, maturation
of splenic B cells, and stimulation of cellular growth
(Baveye et al., 1999; Baumrucker, 2000; Ward et al.,
2005). Lactoferrin has been shown to modulate the in-
flammatory process, mainly by preventing the release
of cytokines from monocytes and by regulating the pro-
liferation and differentiation of immune cells (Farnaud
and Evans, 2003). By its actions, the natural production
of LF could be a good indicator of resistance to mastitis,
and LF content could be used to detect mastitis in dairy
cows. In a similar way to SCC, a high LF concentration
may indicate clinical or subclinical mastitis compared
with the normal LF level in milk produced by a specific
cow. Indeed, although LF is present in low concentra-
tions (0.1 to 0.4 g/L) in the milk of healthy cows, LF
concentrations in milk can reach as high as 2.3 g/L
during clinical mastitis (Kutila et al., 2004).

Use of reference analyses such as ELISA or immuno-
diffusion methods to measure the LF content in bovine
milk is time consuming and requires skilled staff.
Therefore, these methods are not feasible for routine
milk recording. This lack of data currently limits the
possibility of studying LF and its potential use as an
indicator trait of mastitis. This problem could be solved
by using mid-infrared (MIR) spectrometry. This tech-
nology allows a very high throughput of samples: up
to 500 samples/h (Foss, 2006) and it is already used
routinely by milk recording centers to predict the per-
centage of fat, protein, and lactose directly in milk sam-
ples. Recently, it was shown that, as long as calibration
equations are available, even very small fractions, such
as the fatty acids, can be predicted using MIR (Soyeurt
et al., 2006). Based on these results, MIR spectrometry
could be used to estimate quantitatively various traits
including LF.

The aims of this study were to develop the calibration
equation necessary for predicting LF by MIR spectrom-
etry and to estimate genetic parameters for predicted
LF (pLF) and its correlations with milk yield, milk fat
percentage (Fat%), milk protein percentage (Prot%),
and SCC. These latter results could give preliminary
information necessary to investigate the possible asso-
ciation between mastitis and LF in large bovine popula-
tions and provide the first insight into the usefulness
of pLF as an indicator of mastitis resistance.

MATERIALS AND METHODS

Calibration Procedure

Milk samples (2 × 60 mL) were collected monthly
from April 2005 to April 2006 from 7 herds and totaled
1,609 samples from 475 cows of 6 breeds: dual-purpose
Belgian Blue (DPB), Holstein-Friesian (HOL), Jersey
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(JER), Montbeliarde (MON), Normande (NOR), and
non-Holstein Meuse-Rhine-Yssel type Red and White
breeds (RED). The samples, taken in equal numbers
from morning and evening milkings, were taken from
all cows in each reference herd during the routine visits
for milk recording in the Walloon region of Belgium.
The first sample was analyzed on a Foss MilkoScan
FT6000 (Foss, 2006; Foss, Hillerød, Denmark) to pro-
vide the spectrum, and the second sample was stored
at −26 ± 2°C until the ELISA analysis. Finally, the
database of 1,609 spectra was used to select the samples
for calibration.

To reach the maximum of LF variation, the calibra-
tion samples were chosen from objective criteria consid-
ered indicators of LF concentration: Prot%, SCC, breed,
DIM, and lactation number. In total, 147 milk samples
were selected and used for calibration.

The LF concentration in whole milk samples was
measured in duplicate with a commercial ELISA (Bo-
vine Lactoferrin ELISA Quantification Kit, Bethyl Lab-
oratories Inc., Montgomery, TX), and the procedure was
carried out according to the manufacturer’s instruc-
tions. The samples were diluted 1:500, 1:1,000, 1:2,000,
or 1:10,000 in sample buffer. The LF concentrations
used for the calibration were the average of 2 measures
from the same milk sample. Due to technical problems,
LF estimation by ELISA for 11 samples was not com-
pleted successfully.

From the ELISA and spectral data, a specific program
for multivariate calibration (WINISI III, http://www.
winisi.com/) computed the calibration equation using
partial least squares regression (PLS). No pretreat-
ments were used. This regression technique requires
cross-validation to prevent over-fitting. Cross-valida-
tion obtains validation errors by partitioning the cali-
bration set into several groups (in this case: group = 1
sample because it was a full cross-validation). A calibra-
tion is performed for each group, reserving that group
for validation and calibrating groups, until every sam-
ple has been predicted once. The validation errors are
combined into a standard error of cross-validation (Sin-
naeve et al., 1994). Thus, to assess the efficiency of the
calibration equation, different statistical parameters
were estimated: mean, standard deviation (SD), stan-
dard error of calibration (SEC), calibration coefficient of
determination (R2

C), standard error of cross-validation
(SECV), and cross-validation coefficient of determina-
tion (R2

CV). The ratio of SECV to SD (RPD) was also
calculated (William and Norris, 2001) to estimate the
efficiency of calibration. If the RPD ratio is larger than
2, the calibration equation is considered good. On the
other hand, if the RPD ratio is less than 1.5, the predic-
tions are of poor quality and the equation cannot be
used in practice (Sinnaeve et al., 1994).
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Table 1. Number of records (n), mean, and standard deviation (SD)
for each analyzed component of milk in the studied cow population

Trait n Mean SD

Milk (kg/d) 39,441 22.17 8.17
Fat (%) 39,441 4.01 0.75
Protein (%) 39,441 3.44 0.39
Lactoferrin (mg/L) 7,690 189.08 155.88
SCS 39,441 3.03 1.74

After analyzing results of the first calibration equa-
tion, it appeared that 7 samples with a very high concen-
tration of LF had been not accurately predicted. The
2 values measured by ELISA for these samples were
different. This could be explained by the large dilution
necessary to measure these high concentrations by
ELISA. Consequently, these samples were deleted. Fi-
nally, 69 samples were selected to represent the vari-
ability of LF contents in the 136 milk samples initially
analyzed by ELISA.

Cow Population and Milk Samples

A total of 7,690 milk samples were collected from
April 2005 to May 2006 from 1,773 cows in 25 herds
and 7 breeds [Brown-Swiss (BSW), DPB, HOL, JER,
MON, NOR, and RED]. All samples were analyzed on
the Foss MilkoScan FT6000 during the Walloon routine
milk recording, and the spectrum for each sample was
recorded. Routine predictions of Fat%, Prot%, and SCC
were done on a Foss MilkoScan FT6000. The SCC was
transformed into SCS by the following formula: SCS =
[log2 (SCC/100,000)] + 3. For milk samples with an
SCC ≤9,000, SCS was recorded as missing because we
assumed that these very low values were due to mea-
surement errors.

Due to technical issues, the number of observed test-
days was not constant for all herds. In addition, some
cows were dried off or calved during this experiment.
Spectral data were used to predict the LF content. The
entire test-day records, including milk yield (kg/d; MY),
Fat%, Prot%, and SCS, known for the studied cows were
extracted. To add all potential contemporaries, test-day
records for all cows present in the studied herd since
March 2005 were also extracted. The final edited data
set included 39,441 test-day records representing 1,910
cows. Test-day records with DIM less than 5 and greater
than 365 were deleted. Table 1 shows the number of
records, means, and SD observed in the studied cow
population for MY, Fat%, Prot%, SCS, and pLF.

Breed composition was determined from the known
pedigrees of cows. A certain percentage of genes were
of unknown origin and treated as if they were provided
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Table 2. Average breed composition (%) of the studied population of
cows with milk records.

Breed Mean

Brown-Swiss 2.8
Dual-purpose Belgian Blue 11.6
Holstein 46.3
Jersey 3.8
Montbeliarde 11.0
Non-Holstein Red and White 4.5
Normande 13.2
Unknown 6.8

by another unknown breed. Table 2 gives the average
breed composition for the cows with records.

Predicted Concentration of LF in Milk

The estimated calibration equation of LF was applied
to the recorded spectra to predict an indicator of the
concentration of LF in milk (mg/L).

Figure 1 presents the distribution of pLF content in
milk of the studied cow population and shows a normal
distribution for this specific trait. The large variation
of pLF content given in Table 2 could reflect the high
variation observed during lactation or could be ex-
plained by the mix of breed composition among the
studied cows.

Model

Predicted content of LF in milk was analyzed to-
gether with MY, Fat%, Prot%, and SCS using a
multitrait animal model:

y = Xβ + WI + Zp + Zu + e

where y is the vector of observations (MY, Fat%, Prot%,
SCS, and pLF); β is the vector of fixed effects (herd ×
test day × class of lactation number, stage of lactation ×
class of lactation number, class of age × class of lactation
number and regressions on breed composition); I is the
vector of permanent environment random effects within
lactation; p is the vector of permanent environment
random effects across lactations; u is the vector of addi-
tive genetic animal effects; X, W and Z are incidence
matrices; and e is the vector of random residual effects.

Fixed effects were defined as follows. Stage of lacta-
tion was divided in 24 classes of 15 d. Lactations were
grouped as first, second, and third or later lactation.
The frequency of lactation numbers were 37.0, 25.4,
and 37.6% for first, second, and third or later lactation,
respectively. Age at test-day was defined as the number
of months from birth. There were 9 classes of age (for
first lactation, age <29, 29 to 32, and ≥33 mo; for second



SOYEURT ET AL.4446

Figure 1. Distribution of the predicted lactoferrin content in milk (mg/L of milk) of the studied population.

lactation, <42, 42 to 46, and ≥47 mo; and for the third
and greater lactation, age <54, 54 to 59, and ≥60 mo).
Results for regression on breed composition were re-
corded and compared with the reference Holstein breed.

Pedigree completeness was good with 18,856 animals
in the pedigree of the cows with records. Due to this
informative pedigree, genetic and permanent environ-
mental effects could be separated. Variance components
were estimated using expectation maximization REML
(Misztal, 2007) and average information REML (AI-
REML; Misztal, 2007). Standard errors of estimates
were obtained by AI-REML (Misztal, 2007).

RESULTS AND DISCUSSION

Calibration Equation

The applied PLS analysis resulted in an equation
with 7 factors combining 511 values. The means of sam-
ples used for the calibration was 253.72 mg of LF/L
(SD = 206.37 mg of LF/L). The SEC and R2c estimated
for the calibration procedure were 85.96 mg of LF/L and
82.65%, respectively. The SECV and R2cv estimated
during the full cross-validation were 103.93 mg of LF/
L and 75.0%, respectively. Thus, the RPD was equal to
1.98. Hence, because the RPD ratio was close to 2, the
results given by the calibration equation can be consid-
ered as good predictors of the LF content in bovine milk
estimated by ELISA.

To check if the pLF obtained by MIR was due to a
real absorbance of the specific LF molecule and not an
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artifact due to correlations between LF predicted by
ELISA and other milk components, the correlations be-
tween LF and the constituents estimated on the Mil-
koScan FT6000 (Fat%, Prot%, urea, SCC, lactose, free
fatty acids content, or concentration of DM) were esti-
mated and are given in Table 3. As the RCV values
were higher than the values of the correlations, the LF
calibration equation can be considered the result of a
real absorbance in MIR region.

Figure 2 presents the cross-validation results from
69 milk samples and shows that the ability of the cali-
bration equation to predict low LF content was poorest
compared with the prediction of greatest LF concentra-
tion. In fact, for the low LF contents measured by
ELISA, Figure 2 shows a cloud of data points. However,
the calibration equation estimated in this research to
predict the LF content in milk seems to give good indica-

Table 3. Correlations between the lactoferrin content (LF) estimated
by ELISA and the different components of bovine milk estimated by
using the MilkoScan FT6000 (Foss, Hillerød, Denmark) and square
root of the cross-validation coefficient of determination (Rcv)

Correlation
Trait with LF Rcv

Fat (%) 0.15 0.87
Protein (%) 0.56 0.87
SCC 0.44 0.87
Urea (g/100 mL) 0.35 0.87
Free fatty acids (mmol/100 g of fat) 0.24 0.87
Lactose (g/100 mL) −0.33 0.87
DM(%) 0.35 0.87
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Figure 2. Cross-validation results applied to 69 milk samples (dotted lines: standard error of cross-validation; solid line: perfect prediction,
where concentration estimated by reference analysis = concentration estimated by infrared analysis).

tors of the LF content in milk (pLF). Therefore, it would
be interesting to use this equation to estimate pLF in
the milk of cows that take part in milk recording
programs.

Effects of DIM and Lactation Number

Figure 3 shows the trajectory of mean pLF content
during the lactation for cows in first, second, and third
or later lactation. The pLF content increased during
lactation, suggesting that the LF content in cow’s milk
could increase during the lactation. This trend has also
been shown by Gaunt et al. (1980) even though the
greatest concentration in LF was observed during the
dry period. More recently, Hagiwara et al. (2003) indi-
cated that the mean milk LF concentration at the end
of lactation tended to be higher than that at the peak
or during mid lactation. However, these authors ob-
served a slight increase of LF content in cow’s milk
with increasing DIM. Martin et al. (2003) found that
the stage of lactation was not important for LF content
when cows with 10 or fewer DIM were eliminated. How-
ever, in this study (Figure 3) and that of Gaunt et al.
(1980), the increase of LF during the lactation appeared
to be linear. This divergence of observations could be
explained by the number of milk samples. Martin et al.
(2003) took only one 60-mL sample from 180 Holstein
cows. In this study, the prediction of LF content has
been repeated for many dairy cows.
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According to Figure 3, pLF content seems to be higher
in the milk of older cows. This result may suggest that
age would have a positive impact on the production of
LF by dairy cows. This relationship was also observed
by Martin et al. (2003) and Tsuji et al. (1990). On the
other hand, Hagiwara et al. (2003) observed a negative
effect of age on the LF content in milk. The difference
in observations could be explained by the low number
of samples analyzed for each year of age by Hagiwara
et al. (2003; 20, 43, 20, 24, and 4 for 2, 3, 4, 5, and 6 yr
of age, respectively) compared with the current study.

Breed Differences

Table 4 presents the differences in pLF content be-
tween HOL and 6 dairy breeds: BSW, DPB, JER, MON,
NOR, and RED, together with the corresponding P-
values.

According to a Student’s t-test, the pLF content in
JER milk was significantly greater than in HOL milk
(Table 4). Tsuji et al. (1990) indicated that JER colos-
trum contains more LF content than HOL colostrum.

All other studied dairy breeds showed mean pLF be-
tween that of JER and HOL, except for RED, for which
pLF was the lowest. However, these differences ap-
proached significance only for RED.

Heritability and Genetic Correlations

Table 5 presents the estimates of variance ratios (as
a percentage of phenotypic variance) and the corres-
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Figure 3. Effect of the class of DIM (represented by mid-point of the class) and lactation number on lactoferrin content (mg/L).

ponding standard errors (SE) for each random effect
(genetic, permanent environments within and across
lactations, and residual).

The estimated heritabilities were 18.8, 31.2, and
28.2% for MY, Prot%, and Fat%, respectively (Table 5).
The heritability for MY was similar to values estimated
by other authors for test-day yield using other models
(e.g., Veerkamp and Goddard, 1998; Lidauer and Män-
tysaari, 1999; Gengler et al., 2004). The heritability
estimated for SCS was 12.1%. This value is close to
that given by Interbull (2006) for Holstein dairy cattle
in Belgium (13.5%). The heritability estimated for pLF
was 19.7% (SE = 3.06%; Table 5). Very few studies
have given the heritability of LF in bovine milk. The
heritability estimated from the current study for the
indicator of LF and the LF heritability estimated pre-
viously by Klobasa et al. (1977) on 114 cows (35%) were
both in the moderate range. Gaunt et al. (1980) reported
a relatively high value for the heritability of LF of 43.8%

Table 4. Differences between the means of predicted lactoferrin con-
tent in milk (mg/L) for several breeds and the Holstein, and the
associated P-values

Breed Difference P-value

Brown-Swiss 15.73 0.19
Dual-purpose Belgian Blue 11.67 0.26
Jersey 31.21 0.04
Montbeliarde 18.39 0.15
Non-Holstein Red and White −20.11 0.09
Normande 14.40 0.13
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but their SE was very large (30.4%). Heritability close
to 20% for pLF in cow milk is promising and suggests
that selection for an increasing content of LF in bovine
milk is possible. Based on the known effects of LF on
the immune system, this selection could have a positive
impact on mastitis resistance. Further research is
needed to study possible associations between mastitis
and LF. Moreover, the genetic approach to increase the
LF content in milk could be useful because Turner and
Thomson (2006) have shown that the quantity of feed
distributed to cows did not change the LF content in
milk. Therefore, the nutritional impact on LF content
in milk seems to be limited.

As for the other studied traits, the within-lactation
variation of pLF was more important than that esti-
mated across lactations (Table 5).

Table 6 presents the genetic and phenotypic correla-
tions calculated between MY, Fat%, Prot%, pLF, and
SCS. Estimated genetic correlations between MY and
Fat%, MY and Prot%, and Fat% and Prot% were −0.33
(SE = 0.07), −0.45 (SE = 0.08), and 0.60 (SE = 0.07),
respectively. These genetic correlations are in
agreement with Roman and Wilcox (2000). In fact, these
authors showed that the genetic correlation between
MY and Fat% was −0.21 and between MY and Prot%
was −0.56. These same authors also showed that the
genetic correlation between Fat% and Prot% was 0.63.
The estimated genetic correlations for traditional pro-
duction traits were similar to those showed by Othmane
et al. (2004).
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Table 5. Estimates of heritability and ratios of permanent environmental and residual variances as percent-
age of phenotypic variance, together with the corresponding standard error (SE), for milk yield, milk fat
percentage, milk protein percentage, predicted lactoferrin (pLF) content, and SCS

Permanent environment

Heritability Within lactation Across lactations Residual
Phenotypic

Trait Estimate SE Estimate SE Estimate SE Estimate SE variance

Milk (kg/d) 18.8 2.24 30.6 0.73 8.13 1.92 42.3 0.25 20.00
Fat (%) 31.2 2.35 4.9 0.26 5.68 1.73 58.2 0.34 0.33
Protein (%) 28.2 2.48 11.6 0.38 9.28 1.95 50.8 0.30 0.07
pLF (mg/L) 19.7 3.06 22.0 2.15 6.18 3.25 52.1 0.72 10,188
SCS 12.1 1.77 29.6 0.72 7.18 1.59 51.1 0.30 2.36

The genetic correlation between PROT and pLF was
moderate (0.50; SE = 0.09; Table 6). This is logical be-
cause LF is a protein present in milk. This value con-
firms the importance of choosing the samples for the
calibration based on the percentage of protein. The esti-
mated genetic correlation between MY and pLF (−0.36,
SE = 0.10) was similar to that estimated between MY
and Prot%. This could be explained by a dilution effect
already observed for Fat% (Lock and Garnsworthy,
2003). On the other hand, the genetic correlation be-
tween Fat% and pLF (0.33, SE = 0.08) was lower than
that estimated with Prot%. The genetic correlations
estimated between different milk components should
also reflect the similarities in the metabolic production
system. Therefore, the genetic correlation of 0.04 (SE =
0.11) estimated between SCS and pLF could indicate
that the production of LF and SCS in milk present
genetically different processes. However, the low posi-
tive phenotypic correlation between SCS and pLF (0.26,
SE = 0.09) seems to show that if the SCS increase, the
LF content in milk also tends to increase. Because it is
known that SCS increases in the presence of mastitis
(e.g., Koivula et al., 2005), the positive phenotypic asso-
ciation between SCS and pLF could indicate the effect
of mastitis on LF. Moreover, this observation could con-
firm the previous conclusions of many researchers
about the increase of LF (compared with the normal
level of LF in healthy cows) in the presence of mastitis
(e.g., Harmon et al., 1976; Hagiwara et al., 2003; Martin
et al., 2003).

Table 6. Genetic (above the diagonal) and phenotypic (below the
diagonal) correlations between milk yield, milk fat percentage, milk
protein percentage, predicted lactoferrin content (pLF), and SCS

Trait Milk Fat Protein pLF SCS

Milk (kg/d) −0.33 −0.45 −0.36 −0.02
Fat (%) −0.18 0.60 0.33 0.06
Protein (%) −0.32 0.39 0.50 −0.08
pLF (mg/L) −0.28 0.12 0.39 0.04
SCS −0.17 0.07 0.13 0.26
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The MIR method is fast, inexpensive and can be di-
rectly integrated into routine milk recording to enable
the study of normal levels of LF produced by a cow.
Hence, it could be possible to predict the expected level
of LF that a cow would produce in healthy status at a
given lactation stage. Thus, the comparison between
the pLF level in milk predicted by MIR at a given time
and the expected LF concentration for the same healthy
cow at the same time might be an indicator of mastitis.
Thus, LF predicted by MIR could be a useful tool for
the farmer to check the status of mammary glands in
their herd. Second, the known LF effects on the immune
system and its natural production by healthy cows could
permit one to formulate the hypothesis that LF content
could be an indicator for resistance to mastitis. These
observations give new perspectives and suggest new
avenues of research in mastitis detection and genetic
improvement of mastitis resistance in dairy cows.

CONCLUSIONS

The prediction of an indicator of LF content (pLF) in
milk by MIR spectrometry investigated in the current
study provides a new perspective to check the sanitary
status of mammary glands in herds. The R2cv and RPD
ratios estimated after the PLS calibration procedure
were 75.1% and 1.98, respectively. Based on these re-
sults, the estimated pLF can be considered a good indi-
cator of LF content in bovine milk. Stage of lactation
and lactation number influence the LF concentration
in bovine milk. Small differences in pLF content were
observed across 7 dairy breeds. The heritability ob-
tained for pLF (19.70%) suggests that genetic selection
could be effective for increasing the LF content in milk.
The genetic and phenotypic correlations observed be-
tween SCS and pLF were 0.04 and 0.26, respectively.
As SCS increases in the presence of mastitis, this obser-
vation seems to indicate that pLF (or a function between
observed and expected pLF) could be an indicator of
mastitis. However, these correlations, especially the ge-
netic correlation, were low and support the proposal
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that more research is needed on the relationship be-
tween LF and mastitis resistance.
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