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Factors Affecting Growth Factor Activity in Goat Milk
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ABSTRACT

Growth factors that are present in goat milk may be
responsible for its beneficial effects on the digestive
system as described in ancient Chinese medical texts.
To develop a nutraceutical product rich in growth fac-
tors for promoting gastrointestinal health, it is essen-
tial to collect milk with consistently high growth factor
activity. Therefore, we investigated the factors affecting
growth factor activity in goat milk. Among the 5 breeds
of dairy goats tested, milk from Nubian goats had the
highest growth factor activity. Tight-junction leakage
induced by a 24-h milking interval did not increase
growth factor activity in the milk. Milk collected from
pregnant does had a significantly higher growth factor
activity than milk collected postpartum. Growth factor
activity decreased during the first 8 wk of lactation,
fluctuated thereafter, and then increased dramatically
after natural mating. During wk 1 to 8, growth factor
activity was inversely correlated with milk yield and
week of lactation. No correlation was observed during
wk 9 to 29. After natural mating of the goats, the growth
factor activity in the milk correlated significantly with
somatic cell count and conductivity (a measure of mem-
brane permeability), and correlated inversely with milk
yield. Based on the above data, goat milk with higher
growth factor activity could be selectively collected from
Nubian pregnant does.
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INTRODUCTION

Growth factors are useful components of milk, both
for the developing offspring and as a potential source
for nutraceuticals; however, growth factor activity in
milk differs among mammals. Human milk contains
physiological levels of growth factors, whereas bovine
milk has much lower growth factor activity (Grosvenor
et al., 1992; Wu and Elsasser, 1995). Goat milk is an-
other source of physiologically active amounts of growth
factors (Wu and Elsasser, 1995). Colostrum from most
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mammals is rich in growth factors and other bioactive
molecules, but the levels of these components decrease
rapidly during the first 3 d of lactation (Brown and
Blakeley, 1984; Denhard et al., 2000). Using antibody
neutralization assays, Carpenter (1980) first reported
that the major growth-promoting activity in human
milk is epidermal growth factor (EGF), which was con-
firmed later by chromatography isolation (Shing and
Klagsbrun, 1984). Many other growth factors have been
identified in human milk, including IGF-I (Grosvenor
et al., 1992), hepatocyte growth factor (HGF; Yamada
et al., 1998), and vascular endothelial growth factor
(Nishimura et al., 2002).

Growth factors in milk have been implicated in the
development of the neonatal gastrointestinal tract (Kol-
dovsky, 1996). For example, EGF helps to establish the
epithelial barrier in the gastrointestinal tract (Puccio
and Lehy, 1988) and protects the gastroduodenal mu-
cosa by activating ornithine decarboxylase in poly-
amine synthesis (Konturek et al., 1991). Furthermore,
125]_EGF, when administered orally, can be detected in
the blood, lung, and liver of rats and mice (Purusho-
tham et al., 1995; Clarke et al., 2001), demonstrating
that growth factors can withstand the harsh condition
of gastric acid exposure, and can be absorbed through
the gastrointestinal tract to act on other tissues. It has
been suggested that milk-derived growth factors may
be useful as an orally administered treatment for a
wide variety of gastrointestinal disorders (Playford et
al., 2000).

Growth factor activity in goat milk, as detected by a
cell culture assay, occurs at a much higher level than
that in cow milk (Wu and Elsasser, 1995). Thus, goat
milk may be a feasible nutraceutical for gastrointesti-
nal disorders. Denhard et al. (2000) reported the pres-
ence of EGF in goat milk using a human EGF (hEGF)
polyclonal antibody. Prosser et al. (2004) also reported
the ability of goat milk to reduce heat-induced gastroin-
testinal hyperpermeability. These findings support the
description in an ancient Chinese medical text of goat
milk as a tonic for the digestive system (Li, 1578). Pre-
liminary tests of goat milk samples showed high varia-
tion in growth factor activity (our unpublished data).
To develop a growth factor nutraceutical product, it is
necessary to collect milk with a consistently high
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growth factor activity; therefore, we investigated the
factors affecting growth factor activity in goat milk.

MATERIALS AND METHODS
Animals and Milk Sampling

Milk samples from different breeds were collected
from commercial dairy goat farms. The lactation stage
and 12- vs. 24-h milking interval experiments were
conducted at the Hueng-Chun experimental farm, Live-
stock Research Institute, Council of Agriculture, Tai-
wan. Nubian does were machine milked twice daily,
except for those in the 24-h milking interval experi-
ment. Milk yield, SCC, and conductivity of the samples
were measured. Samples in 2-mL cryotubes were frozen
in liquid nitrogen and stored below —140°C until they
were used in the growth factor activity assay.

Assay for Growth Factor Activity

The method of Wu and Elsasser (1995) was slightly
modified. In brief, mouse mammary epithelial cells
were cultured in 48-well plates at 20,000 cells/cm? with
Dulbecco’s Modified Eagle’s Medium/F-12 medium sup-
plemented with transferrin, BSA, antibiotic-antimy-
cotic (Sigma A 4668; Sigma, St. Louis, MO), and 1%
fetal bovine serum (Bios, New Haven, CT). Cells were
allowed to grow to confluence, and then the fetal bovine
serum was withdrawn from the medium for 4 d to allow
the cells to rest. A milk sample was added to each well
and incubated for 18 h. After adding *H-thymidine (0.5
p.Ci; Amersham Biosciences, Buckinghamshire, UK) to
each well, the cells were further incubated for 3 h. Cells
were fixed with 1:3 acetic acid:methanol, washed with
cold 5% TCA, and lysed with 0.5 M NaOH/0.2% Triton
X-100. The ®H-thymidine incorporated into the cells
was measured by liquid scintillation counting (TriCarb,
Packard, Meriden, CT). The activity of a range of hREGF
(R&D Systems, Minneapolis, MN) concentrations was
also measured in each batch to establish a standard
curve; 1 unit of activity was defined as the activity
equivalent to that of 1 pmol of hEGF.

The mouse mammary epithelial cell line used in this
activity assay is known to be activated by EGF or IGF-I
(Wu and Elsasser, 1995); therefore, the assay does not
distinguish between different types of growth factors.
Because EGF is the major growth factor in human milk,
we used hEGF as a reference in this assay to define a
unit of growth factor activity.

SscC

Samples were analyzed for SCC using a Fossomatic
5000 basic (Foss Electric, Hillergd, Denmark) according
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to the manufacturer’s instructions. This instrument
counts cells based on the presence of DNA, which ex-
cludes the large number of vesicles present in goat milk.

Conductivity

Conductivity was measured with a portable conduc-
tivity meter (Eisai Co., Ltd., Tokyo, Japan) calibrated
with standard buffer before each use.

Statistical Analyses

The GLM and Pearson correlation coefficient of the
SAS statistical package (SAS Institute, 1988) were used
to analyze the data. A Duncan multiple-range test was
conducted on the breed effect. The data from the 12-
and 24-h milking intervals and the pre- and postpartum
milkings were analyzed by paired ¢-tests.

RESULTS
Breed Effect on Growth Factor Activity in Milk

Growth factor activities in goat milk from 5 different
breeds commonly raised in Taiwan are listed in Table
1. Milk from Nubian goats contained the equivalent of
1,085 £ 270 units, and was significantly higher (P <
0.01) than that of other breeds. Saanen goats usually
have higher milk yields than other breeds; however,
growth factor activity in Saanen goat milk was not sig-
nificantly different (P > 0.05) from that of Alpine, Tog-
genburg, or LaMancha goat milk, suggesting that varia-
tion in growth factor activity is not merely the effect of
dilution by the quantity of milk produced.

Milking Interval Effect on Growth Factor
Activity in Milk

Does were regularly machine milked twice a day,
except for those in the 24-h milking interval group.
These animals were milked only in the morning on 2
consecutive days, with samples being collected on the
first morning as 12-h samples, and on the second morn-
ing as 24-h samples. A paired ¢-test analysis for growth
factor activity in the 12- and 24-h samples (Figure 1)
did not show a significant difference (P = 0.66). Stelwa-
gen et al. (1994) reported that tight junctions of mam-
mary epithelial cells begin to disrupt after 21 h of milk
accumulation. This tight-junction leakage may allow
growth factors in the serum to diffuse into the milk.
However, it appears that once-daily milking is not a
feasible way to increase the growth factor activity in
goat milk.
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Table 1. Growth factor activity® in goat milk from different breeds

Breed
Nubian Saanen Alpine Toggenburg LaMancha
n 10 10 10 9 7
Mean? 1,085 692 616 590 620
SD 270 96 73 60 80

Units of growth factor activity in milk.

2The Nubian average was statistically higher (P < 0.01) than the other averages. There were no significant
differences among any other samples (P > 0.05). Mean = Average units of growth factor activity for each

breed.

Pre- and Postpartum Effects on Growth Factor
Activity in Milk

The growth factor activity of individual Nubian pre-
and postpartum does was highly variable (Table 2). A
paired ¢-test analysis showed significant differences (P
< 0.05) between growth factor activity in the pre- and
postpartum milk. Denhard et al. (2000) also reported
high levels of EGF and IGF-I in prepartum goat milk.
Because gestation results in high levels of estrogen and
progesterone in the milk, the high activity in prepartum
milk might be due to the presence of steroids instead
of growth factors. Therefore, we analyzed whether ste-
roids would have a similar growth factor-like effect in
the mouse mammary epithelial cell assay. However, no
increase in H-thymidine incorporation after the addi-
tion of either estrogen or progesterone was observed
(data not shown), indicating that the high activity in
prepartum milk was due to the presence of growth
factors.
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Figure 1. Effect of a 12-h (open bars) or 24-h (solid bars) milking
interval on growth factor activity in Nubian goat milk. A paired ¢-
test showed no significant difference (P = 0.66).

Correlation Analysis of Parameters in Different
Stages of Lactation

Knight and Peaker (1984) reported that milk yield
increases in goats during the first 8 wk of lactation
and then gradually decreases. Therefore, for correlation
analysis, milk sample data were divided into 3 groups:
wk 1 to 8 of lactation, wk 9 to 29 (premating), and wk
30 to 37 (postmating). Growth factor activity decreased
during the first 8 wk of lactation and fluctuated thereaf-
ter until natural mating, whereupon it increased dra-
matically. During wk 1 through 8, growth factor activity
was inversely correlated with milk yield and week of
lactation (Table 3). After 8 wk of lactation and before
natural mating, no correlation was observed between
growth factor activity and the parameters measured.
After mating, however, SCC and conductivity (which
measures tight-junction leakage) showed very signifi-
cant (P<0.001) correlations with growth factor activity,
whereas milk yield was inversely correlated (P < 0.05).
Although a high SCC is usually associated with mastitis
or poor milk quality in dairy cows, it is normal for goat
milk, particularly in the late stages of lactation (Wilson
et al., 1995; Zeng and Escobar, 1995).

DISCUSSION
Many growth factors have been identified in human

milk, but little research has been done on growth factors

Table 2. Growth factor activity in goat milk from pre- and postpartum
Nubian does

Doe number Prepartum? Postpartum!
1 1,310 795
2 6,610 792
3 8,380 702
4 27,000 2,760
Mean? 13,800 1,260
SD 8,010 864

Units of growth factor activity in milk.

2Mean = Mean growth factor activity for all 4 does. The means
were significantly different at P < 0.05.
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Table 3. Correlation analysis of growth factor activity with somatic cell count, conductivity, milk yield, and

week of lactation®

Week of lactation SCC Conductivity Milk yield Week
1to8 r 0.30 -0.096 —-0.36 -0.53
p 0.13 0.60 0.044 0.0017
n 27 32 32 32
9 to 29 r 0.032 0.092 —-0.090 -0.10
(premating) P 0.70 0.26 0.27 0.21
n 144 154 151 154
30 to 37 r 0.55 0.74 -0.41 0.050
(postmating) P 0.0005 <0.0001 0.016 0.77
n 36 37 35 37

Ir = Pearson correlation coefficient; P = probability; n = number of samples.

in goat milk. While isolating growth factors in goat
milk, we have detected growth factor activity in both
fractions that resulted from membrane ultrafiltration
with a 50-kDa cutoff (our unpublished data), indicating
that more than one type of growth factor is present in
goat milk. It is likely that a variety of growth factors
are secreted into milk via a variety of routes. Analyzing
the growth factors according to their secretory mecha-
nisms may help to identify the factors affecting growth
factor activity in milk. Growth factors found in milk
may be transferred from blood or secreted from the
mammary gland. Tight junctions in mammary alveolar
epithelial cells in goats can be induced to leak with
21-h milking intervals (Stelwagen et al., 1994). If the
concentration of a growth factor is higher in blood than
in milk, it may diffuse into the milk through tight-
junction leakage. However, Denhard et al. (2000) re-
ported that the EGF level in serum is lower than that
in goat milk. Therefore, EGF is not likely to be intro-
duced into milk by tight-junction leakage. Our data also
did not show any increase in growth factor activity of
the goat milk taken at 24-h milking intervals.

In the mammary alveolar cells, EGF is synthesized as
the membrane-bound prepro-EGF (Brown et al., 1989),
whereas milk fat is secreted as a globule surrounded
by a cell membrane. Because Nubian goats usually pro-
duce milk with more fat content (Sunget al., 1999), EGF
may have more opportunities to attach to fat globule
membranes in Nubian goats, thereby increasing the
amount released into the milk.

Another possible source of growth factor might be
migrating neutrophils and macrophages, which consti-
tute the majority of somatic cells in goat milk (Droke
et al., 1993). Yamada et al. (1998) detected HGF mRNA
expression in the mononuclear cells of human milk and
found HGF protein in the cytoplasm of macrophages.
Our data show a high correlation (P < 0.001) between
SCC and growth factor activity in postmating milk, but
no correlation was observed before mating, indicating
that although somatic cells may be responsible for pro-
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ducing growth factors in goat milk before mating, gesta-
tion may be the major factor that influences the produc-
tion of growth factors in milk.

Mammary epithelial cells are regulated differently
in gestation and lactation. Lactation is the result of
differentiation and lactogenesis of the alveolar epithe-
lial cells. The number of mammary cells in lactating
goats increases over the first 3 wk of lactation and then
starts to decrease after 8 wk (Knight and Peaker, 1984).
In contrast, during gestation, mammary cells undergo
continuous active proliferation (Neville et al., 2002).
Growth factors play important roles as mediators of
estrogen and progesterone signaling in mammary de-
velopment during gestation. Estrogen increases the
EGF level, which stimulates expression of the proges-
terone receptor in mammary epithelial cells (Ankrapp
et al., 1998). Neuregulin and HGF are the downstream
mediators of progesterone (Yang et al., 1995; Sunil et
al., 2002). Epithelial cells also secrete vascular endothe-
lial growth factor to stimulate angiogenesis to supply
nutrients (Nishimura et al., 2002). In addition, the
tight-junction network of the mammary alveolus be-
comes highly irregular during gestation (Pitelka et al.,
1973), which may facilitate the diffusion of those growth
factors into the milk. These may account for the high
growth factor activity observed in milk during gestation
and the high degree of correlation between growth fac-
tor activity and conductivity (membrane permeability)
in postmating milk (P < 0.0001). The proliferation of
mammary epithelial cells is antagonistic to lactogen-
esis. Jugular vein infusion of EGF in lactating ewes
also results in lower milk yield and a reduced concentra-
tion of protein in the milk (Gow and Moore, 1992). These
findings may be the rationale for the significant inverse
correlation between growth factor activity and milk
yield before 8 wk or postmating.

CONCLUSIONS

Nubian does in late-stage lactation with concurrent
pregnancy would be a valuable source of milk with high
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growth factor activity. After natural mating, milk with
a high growth factor activity could be selectively ob-
tained by collecting milk with a high SCC, high conduc-
tivity, or low yield.
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