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ABSTRACT

The major purpose of this study was to investigate whether increasing milking frequency for a short period (21 days)

increases milk yield and milk components and improves udder health throughout lactation in Turkish Saanen goats. Two

groups were formed (control, n = 14, treatment, n = 14); balanced by parity, bodyweight and birth type to make them

homogenous. Feeding and management practices were the same for both groups. The treatment group was milked four

times a day (4¥) for 21 days after weaning whereas the control group was milked twice a day (2¥). All the animals were

milked twice daily thereafter. The pyronin methyl green stain method was used to estimate the somatic cell count (SCC),

which is an indication of udder health. This method provided a count that excluded RNA and background noise while

including cells with DNA. Repeated measures analyses indicated that overall differences between the 2¥ and 4¥ groups

were significant for the morning, evening and total test day milk yields, in that values for the 4¥ group were increased 14.7,

8.8 and 12.1%, respectively. Differences between the groups for SCC were not significant. The results of this study indicate

that increasing milking frequency to 4¥, even for a short time (21 days), increases overall milk yield throughout lactation

in dairy goats.
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INTRODUCTION

Increasing milking frequency has been studied in
many species and has been shown to increase milk
yield and udder health (Dahl et al. 2004). However,
one major disadvantage of this application is the
increase in labor costs (Bewley et al. 2001). Recent
evidence in dairy cattle suggests that increasing milk
frequency for a short period could help increase milk
yield throughout lactation (Dahl et al. 2004) because
suckling is better simulated and mammary cells can be
kept alive longer.

Dairy goats have been shown to have an increase in
milk yield either by milking one or two udders, or
by milking once versus twice throughout lactation.
Milking goats once a day throughout lactation resulted
in a 6–35% drop in milk yield compared to milking
them twice a day (2¥) (Salama et al. 2003).

Knight (1992) milked goats thrice daily for 6 weeks
and reported a 10.4% increase in milk yield, but the

increase reported was for the treatment period of
6 weeks only. All other studies using goats reported
overall increases in milk yield with increased milking
frequency that continued for a long period, such as
throughout lactation, thereby increasing labor costs.
Wilde and Knight (1989) reported that milking thrice
daily (3¥) long-term increased milk yield in the later
stages of lactation by preventing the decline in secre-
tory cell numbers after peak. Stefanon et al. (2002)
suggested that frequent milking, timed appropriately,
could improve persistency by maintaining milk secre-
tion during the declining phase of lactation. In this
study, Turkish Saanen dairy goats were milked four
times (4¥) a day for 3 weeks after weaning to prevent
the drop in milk yield.
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In dairy animals udder health and milk quality prob-
lems can cause large losses. Increased milk yield is
usually associated with an increased risk of clinical
mastitis (Hillerton et al. 1995; Waage et al. 1998).
However, more frequent milking increases the migra-
tion of neutrophils from the blood into the mammary
gland to provide a more efficient defense against
pathogen infections (Paape et al. 1992).

The objective of this study was to investigate the
effects of a 21-day period of frequent milking on milk
yield, milk composition and udder health, as measured
by a somatic cell count (SCC).

MATERIALS AND METHODS

Two milking frequencies, 2¥ (throughout lactation)
and 4¥ (21 days only) were studied in a total of 28
Turkish Saanen dairy goats. The test days took place
monthly and data included morning and evening milk
yields, milk yield per day, milk component percentages
and SCC.

The kids were separated from the goats after 3 days.
They were reunited with the goats only after their
dams had been milked in the evening. The weights of
the kids were monitored and those reaching 10 kg
were weaned. The treatment of 4¥ milking was started
after all the kids had been weaned.

Two groups of goats were formed and balanced by
parity, bodyweight and birth type to make them
homogenous. The treatment group was milked 4¥ at
07.00, 10.00, 16.00 and 19.00 hours and the control
group was milked 2¥ at 07.00 and 19.00 hours for
21 days after weaning. All the goats were milked
an equal number of times per day (2¥) outside the
specified 21 days. The management and feeding were
always the same for both groups.

In dairy cattle, the SCC, an indication of udder
health, is approximately equal to the number of leu-
kocytes (Crist et al. 1997). In goat milk, however, there
are cytoplasmic particles due to the apocrine milk
secretory system, which makes it necessary to use a
dichromal stain. Pyronin-Y methyl green method
(New York modification) was used for the direct
microscopic somatic cell count (DMSCC/mL). This
method provided a count that included only the cells
that had DNA and excluded RNA and background
noise (Pachard et al. 1992).

The model and analyses were similar to the second
approach reported by Pala and Savas (2005) and the
analyses of Pala and Savas (2006). The repeated state-
ment in proc MIXED of SAS V8.2 (SAS 1999) was used

to fit a lactation curve model and a variance–covariance
model was used to account for the correlations of all
the observations from individual goats (Jennrich &
Schluchter 1986; Everitt 1995). Akaike’s information
criteria (Akaike 1974) and Schwarz’s Bayesian criteria
(Schwarz 1978) were computed (SAS 1999) and both
of these fitness measures indicated that the first order
autoregressive moving-average had the highest fit.

The statistical model was:
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where:

Yiklmno = test day record for morning, evening, daily, or
fat corrected daily milk yield,
m = overall mean
Ai = effects due to milking frequency (2¥, 4¥)
Bj = effects due to parity (1, . . . , 5),
Ck = effects due to birth type (single, multiple)
Dl = effects due to test day (1, . . . , 7),
Xm = covariates:

C1 = DIM/c where c is constant, set to 300 days,
C2 = (DIM/c)2

C3 = ln(c/DIM)
C4 = ([ln(c/DIM))2. The subscript n denotes that

regression were nested within parity
Fo = effects of the subject within parity,
eijklmno = random error.

DMSCC/mL was analyzed using c2 and continuity-
adjusted c2 by using a 200 000-cell/mL cutoff to cat-
egorize the SCC values. In addition, DMSCC/mL was
log transformed to somatic cell score (SCS) using
SCS = log2 (SCC/100) + 3 (Ali & Shook 1980) and was
analyzed using the same covariance structure as in the
milk yield analyses.

RESULTS AND DISCUSSION

Compared with 2¥ goats, 4¥ goats had a similar peak
milk yield (P > 0.05) and achieved peak during the
same test day (Table 1). The overall differences between
the 2¥ (control) and 4¥ (treatment) groups were sig-
nificant for the total test day milk, fat-corrected test day
milk and morning milk yields (Table 1).

For the test day milk yield, the difference between
the groups was 222 g, constituting a 12.11% increase
over the 2¥ value. The test day milk yield increased
16.87% during the treatment (2930.4 vs 2507.3 g).
Test day milk yield and fat-corrected milk yield were
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both significant, indicating that the treatment of 4¥
had large effects on both (Table 1). These results indi-
cate that increasing milking frequency to 4¥ for a short
time increases milk yield for the whole lactation
period, as calculated by the test day data. Studies in the
literature show that goats milked more frequently
throughout lactation have increased milk yield
(Salama et al. 2003) while our study shows that
increasing milking frequency for a short period had
similar effects.

The milk yield of both groups started out very close as
the groups had been balanced to remove any bias
(Fig. 1). The 21-days period of 4¥ milking resulted in
significant differences between the treatment and the
control group. In dairy goats, increased activity per cell
and mammary growth increases the milk yield during
early lactation. Milk yield declines after peak lactation
because the epithelial tissue regresses due to apoptotic

cell death (Knight & Wilde 1987). During late lactation,
the milk yield decreases because the cell numbers keep
declining and the secretory activity by the cells starts to
diminish (Capuco et al. 2003; Pala & Savas 2005).

Stefanon et al. (2002) suggested that mammary cell
apoptosis occurs after peak and the frequency of
milking may affect the rate of apoptosis. If milking
frequency is increased for a certain period of time, the
milk yield increases during treatment and for the rest
of the lactation (Dahl et al. 2004) because of increased
mammary cell proliferation (Hale et al. 2003) or due to
increased stimulation of the mammary gland, which
increases blood flow and oxygen tension (Capuco et al.
2003). Since milk yield is determined by a number of
factors, these parameters would have to be combined
during and after the 21-day period of increased
milking frequency in order to explain the observed
milk yield responses. A sustained elevation in milk
yield in the 4¥ group would require that the number
and/or activity of differentiated mammary epithelial
cells to remain increased after the cessation of 4¥
milking or that the rate of apoptosis had dropped. It is
likely that the cause is a combination of these factors,
along with increased blood flow and oxygen.

The number of differentiated mammary epithelial
cells in the 4¥ group would have to remain elevated
and the rate of apoptotic death would have to decrease
in order for the 4¥ group to have a sustained increase
in milk yield. However, the decline in milk production
that occurred in both groups as lactation progressed is
likely to have involved increased apoptotic cell death,
as reported in the literature (Knight & Wilde 1987;
Capuco et al. 2003). This means that 4¥ treatment
prevented cell death for a while, but then this group
also experienced apoptosis. The difference is that the
animals in the 4¥ group probably started experiencing
apoptotic cell death later than the 2¥ group did, thus

Table 1 Repeated measures analyses, including least squares means (LS) comparisons of production traits of goats milked
twice/day (2¥) or four times/day (4¥) for 21 days of lactation after weaning

Trait 2¥ 4¥ SEM† P

Peak milk, g 2556.24 2824.10 159.80 0.237
DIM at peak 24.88 25.67 1.35 0.677
Test day milk, g 1829.27 2050.87 83.58 0.004
Fat corrected test day milk, g 1571.04 1701.09 70.13 0.048
Morning test day milk, g 1032.56 1183.92 50.76 0.002
Evening test day milk, g 796.61 866.92 39.12 0.053
Milk fat, % 3.08 2.95 0.06 0.039
Milk protein, % 3.19 3.20 0.02 0.497
Non-fat solids, % 9.53 9.46 0.04 0.075

†Pooled standard error of the mean based on most conservative number in a group.

Figure 1 Test day average (least squares mean) milk yield
of goats milked four times/d (4¥; n = 14) for the initial
21 days after weaning the kids or milked twice/day (2¥;
n = 14) for the initial 21 days after weaning the kids. All the
goats were milked 2¥ for the remainder of the lactation.
Standard error of the mean ranged from 131 to 134 g/day.
The 4¥ treatment falls into the second interval.
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having an elevated milk yield during most of the lac-
tation period.

Increasing milking frequency to 4¥ increased
morning milk by 14.66% and the evening milk by
8.83%. The differences were significant in both
morning milk and evening milk though it appears that
the morning milk contributed to most of the total daily
milk difference. This may be because the increased
mammary cell proliferation occurs at night due to the
nightly secretion of the growth hormone (Pala & Savas
2005) and thus, the morning milk is increased mostly
due to the 4¥ milking.

The goat milk in 2¥ group had a significantly higher
fat percentage than that of the 4¥ group, but the dif-
ferences between the groups for protein and non-
fat solids were not significant (Table 1). Salama et al.
(2003) compared goats milked once daily (1¥) with
those milked twice daily (2¥) day throughout lactation
and reported that 1¥ group had a significantly higher
milk fat percentage than 2¥ group and the differences
for protein and total solids were not significant. Similar
results are also reported in cows (Lacy-Hulbert et al.
1999) and sheep (McKusick et al. 2002). The difference
for the percentage of fat could be due to the increased
fat concentration as milk yield decreases and dif-
ferences in milk component synthesis (Salama et al.
2003).

The repeated measures analyses of SCS indicated
that overall group effects were small (P > 0.05) and
analyses of the differences between the groups on dif-
ferent test days resulted in similar answers to the c2

analyses using a 200 000 SCC/mL cutoff (Table 2). The
DMSCC was significant during the 4th and 5th test
days and was larger in the 4¥ group. Milk yield in
these test days was also larger for the 4¥ group than
the 2¥ group. Though the 4¥ group also produced a

larger volume of milk in the previous test days, the
21 days of extra milk removal apparently prevented
the increased SCC and the effect persisted through
3rd test day. Increasing milk yield can increase SCC
because of the increased risk of infection (Hillerton
et al. 1995), which in turn decreases milk yield (De
Vliegher et al. 2005). The milk yield decreased after the
high SCC count in the 4¥ group, and thus, both group
milk yields were almost identical during the 6th
test day.

Salama et al. (2003) reported that application of
once daily milking in Murciano–Granadina dairy goats
did not have negative effects on udder health com-
pared to milking them twice a day. Dahl et al. (2004)
used 10 test days and reported significant differences
only on the 1st and 3rd test days for SCC when com-
paring thrice daily (3¥) and six times daily (6¥) groups
of dairy cattle, in favor of the more frequently milked
group. Dahl et al. (2004) suggested that more frequent
milking increases the expression of the prolactin (PRL)
hormone and sensitivity to PRL, which increases the
number of mammary cells and enhances the immune
function. Some reports in dairy cows indicated that
milking frequency is inversely related to SCS (Stel-
wagen & Lacy-Hulbert 1996; Kelly et al. 1998; Smith
et al. 2002). Other studies (Stelwagen et al. 1994; Lacy-
Hulbert et al. 1999; McKusick et al. 2002) reported no
significant effects of decreased milking frequency on
milk SCC. These reports indicate that there is no defi-
nite answer for the effects of milking frequency on
SCC as they vary greatly.

Increasing milking frequency throughout lactation
can increase milk yield dramatically, but the increased
labor costs hamper producers’ enthusiasm. Milking
dairy goats 4¥ for 21 days increases milk yield through-
out lactation without an increase in SCC.

Table 2 c2 analysis of DMSCC/mL of goats milked twice/day (2¥; n = 14) or 4 times/day (4¥; n = 14) for 21 days of lactation
after weaning

Test day 2¥ 4¥ c2 Continuity
adjusted c2

Repeated
analysis of SCS

SCC
<200 000

SCC
>200 000

SCC
<200 000

SCC
>200 000

1 9 5 10 4 0.686 1.000 0.561
2 10 4 11 3 0.662 1.000 0.981
3 7 7 8 6 0.705 1.000 0.894
4 9 5 3 11 0.022 0.056 0.050
5 11 3 5 9 0.022 0.056 0.060
6 8 6 5 9 0.256 0.449 0.160
7 9 5 7 7 0.445 0.703 0.525

The columns represent the number of goats in each treatment that had SCC > or < 200 000 cells/mL of milk on that test day. P-values
regarding SCC c2, continuity adjusted SCC c2 and SCS repeated analyses are presented.
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