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ABSTRACT

One-hundred eight lactations of Murciano-
Granadina goats from different years were used to
compare two kid rearing systems. Goats were sepa-
rated into two groups: suckling and milking. Dams in
the suckling group were milked once daily until kids
were weaned (wk 0 to 7) and then were milked twice
daily. Dams in the milking group were separated
from their kids at 48 h after birth; then, kids were
raised artificially, and goats were milked twice daily.
Total milk yield was estimated according to the oxyto-
cin method during suckling. Stage of lactation, parity,
prolificacy, and year effects on milk yield and compo-
sition were also studied. As expected, during the first
7 wk of lactation, marketable milk was higher for
dams that were milked than for dams that were
suckled. Neither milk yield nor milk composition
throughout the entire lactation was affected by group
or prolificacy with the exception of the percentage of
milk CP. The lactation curve peaked at wk 4 or 5 and
declined slowly afterward. First parity goats had the
lowest milk yield but the highest fat and protein
percentages. Third parity goats had the highest milk
yield. The separation of kids from their dams after
birth did not affect total lactation performance be-
cause of the minimal importance of the neuroendo-
crine milk ejection reflex in goats compared with that
of other ruminants.

(Key words: Murciano-Granadina dairy goats, milk
yield, suckling, milking)

Abbreviation key: M = milking, S = suckling.

INTRODUCTION

The primary role of Murciano-Granadina dairy
goats is to yield marketable milk, although meat
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production from kids is also significant. Presently,
almost all milk obtained is destined for cheese
production (9). Therefore, achieving the maximum
marketable milk yield with a high fat and protein
content is desirable to producers to increase farm
profitability. Also, the use of machine-milking and the
consequent reduction in manual labor have allowed
the enlargement of the herd and increased income on
the farm (9). In addition, the possibility of milking
twice daily instead of once daily, as commonly occurs
for this breed, should be investigated. Several studies
(24, 25, 26, 28) have shown a notable reduction in
milk yield (35 to 45%) and milk fat and protein
content (34 to 43%) when goats were milked one
time daily instead of twice daily.

According to a previous study (10), when Kkids
were allowed to suckle twice daily after goats were
milked rather than being allowed to suckle before
goats were milked, a higher yield of marketable milk
was achieved without detriment to kid growth.
However, in Spain, natural suckling may be advanta-
geous in autumn and winter when meat price of the
kid is higher. For the rest of the year, milking dams
after the birth of a kid and artificial rearing of the
kids appear to be optimal, as has also been demon-
strated for dairy cows (12).

The aim of this study was to ascertain the effect of
two different kid rearing systems, natural or artifi-
cial, on milk composition and yield of Murciano-
Granadina dairy goats.

MATERIALS AND METHODS

Goats and Experimental Groups

Two treatments were studied over 5 consecutive yr
(1988 to 1992) using 108 lactations (=210 d) of
Murciano-Granadina goats from the same herd
(Veterinary Faculty experimental farm, Universitat
Autonoma de Barcelona, Bellaterra, Spain). The
treatments were suckling (S; n = 49) and milking
(M; n =59). For the S group, kids were kept with
their dams until 7 wk of age, and suckling was al-
lowed all day except when goats were on pasture
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(mean, 6 h/d); for the M group, milk was machine-
milked in the morning. This group was standardized
to one kid per dam immediately after the birth of the
kids. In the M group, kids were separated from their
dams at 48 h after birth and were raised artificially.

Groups were blocked by parity and by the milk
yield of the previous year or, for primiparous goats,
according to the milk yield of their dams during the
previous year only. After weaning or permanent sepa-
ration of kids, the goats were milked twice daily
(0900 and 1700 h) in a double-12 stall (eight milking
units) Casse system parallel milking parlor
(Westfalia-Separator Ibérica, Granollers, Spain) with
recorder jars (2 L £ 5%) and down milk pipeline.
Milking was conducted at a vacuum pressure of 42
kPa, a pulsation rate of 90 pulses/min, and a pulsa-
tion ratio of 66%. The milking routine included
machine-milking with machine-stripping operations.

Goats gave birth once a year in October or Novem-
ber. The experimental groups were subjected to a
semiintensive system based on the grazing natural
pastures (6 h/d) and a supplementary concentrate
(1.53 Mcal of NE, and 16% CP, DM basis) fed at a
flat rate according to stage of lactation (wk O to 12,
1.0 kg/d; wk 12 to 22, 0.75 kg/d; and wk 22 to 30, 0.5
kg/d); oat hay and barley straw were available for ad
libitum consumption.

Measurement Schedule

Expressed milk yield was recorded once a week
until 210 d using the recorder jars in the milking
parlor. During the suckling period, the milk yield of
each goat in the S group was estimated at 7-d inter-
vals by an oxytocin and machine-milking method (8,
32). Samples were analyzed every 2 wk for fat by the
Gerber method [International Standardization Office,
standard 2446: 1976 (2, 37)] and for CP and TS
according to the official reference methods for milk
(2, 37). To avoid any possible diurnal variation in
milk composition, two aliquants of both morning and
afternoon milkings were mixed to obtain a represen-
tative sample. Throughout the final 3 yr (1990 to
1992), milk was analyzed by a near infrared spec-
trometer (Technicon InfraAlyzer-450; Bran+Luebbe
S.L., Norderstedt, Germany). Calibration and weekly
controls were performed using the official reference
methods described previously.

Statistical Analyses

Results were analyzed by repeated measures using
a split-plot analysis of variance procedure of the
BMDP software statistical package (7). The model
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accounted for variation caused by group, parity,
prolificacy, year, stage of lactation, interactions
among all these factors (when possible), and error.
The error term was used to test for differences caused
by stage of lactation.

Yijkin = p + Gj + PAj + PRic + Y} + (G x PA)jj
+ (G x PR)jk + (PA x PR)jk + (PA x Y)j|
+ (PR X Y)i + €jjkin

where
Yijkin = observations for  dependent
variables,
w = overall mean,
G; = fixed effect of treatment group
(i =1,2),
PA; = fixed effect of parity (j =1 to 5),
PRy = fixed effect of prolificacy (k =1,
2),
Y| = fixed effect of year (I =1 to 5),
(G x PA)jj = interaction effect of treatment
and parity,
(G x PR)jk = interaction effect of treatment
and prolificacy,
(PA x PR)jk = interaction effect of parity and
prolificacy,
(PA x Y)j = interaction effect of parity and
year,
(PR x Y) = interaction effect of prolificacy

and year, and
eijkin = random effect of residual.

When the analysis of variance was significant (P <
0.05), Student’s t test for unpaired observations were
compared at P < 0.05.

RESULTS

Lactation Pattern and Milk Yield

Milk yield patterns during lactation, according to
treatment group, are shown in Table 1 and Figure 1.
Both S and M groups had a maximum yield of 2.00 +
0.10 and 1.93 £ 0.06 L during wk 4 and 5 of lactation,
respectively. Yield declined slowly following this
peak; the rate of decline was similar for both groups
(Figure 1). Mean daily expressed milk that could
have been marketed was 0.75 + 0.09 and 1.86 + 0.06
L/d during the first 7 wk of lactation; the total ex-
pressed milk was 37 + 4 and 91 + 3 L for groups S and
M, respectively. Although expressed milk during this
period was influenced by group (P < 0.001), milk
yield estimated by the oxytocin method for dams in
the S group was similar to that obtained by milking



INFLUENCE OF KID REARING SYSTEMS ON LACTATION

Weaning

o
|

Milk (L/d)

°
o
|

I L L L L i e e e e e e |

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Week of lactation

Figure 1. Changes in mean (£SEM) milk yield (—) throughout
lactation in Murciano-Granadina dairy goats according to treat-
ment. Dams in the suckling group (T; n = 49) were milked once
daily until kids were weaned (wk 0 to 7) and then were milked
twice daily; dams in the milking group (®; n = 59) were separated
from their kids at 48 h after birth; then, kids were raised artifi-
cially, and goats were milked twice daily. Milk yield was also
estimated by the oxytocin method during the first 7 wk of lactation
for dams in the suckling group (- —-).

dams in the M group (92 + 5 and 91 + 3 L, respective-
ly). From wk 7 to 30 (until 210 d), milk yield did not
differ between groups. The mean daily yields were
154 + 0.06 and 1.52 + 0.06 L, and the total milk
yields were 249 + 10 and 245 + 9 L for groups S and
M, respectively. Throughout 30 wk of lactation, total
marketable yields were 285 + 13 and 336 + 12 L for
the S and M groups, respectively. There was no differ-
ence (P > 0.10) between treatments.

Milk yield was significantly affected by parity as
shown in Table 2. Milk yield increased until goats
reached their third lactation; a diminution in milk
yield was noted for goats in subsequent lactations (P
< 0.05). However, only first parity goats exhibited a
lower (P <0.05) milk yield when total expressed milk
was considered, but the lactation curve of these goats
also demonstrated higher persistency.

Prolificacy did not affect milk yield, although milk
yield was always higher for goats that had given birth
to twins than for goats that had given birth to a
single kid (339 £ 13 L vs. 287 £ 11 L in 210 d of
lactation, respectively). Nevertheless, the goats that
had given birth to a single kid exhibited higher per-
sistency during lactation. Neither total milk yield nor
the lactation pattern was significantly affected by
year of birth.
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Figure 2. Changes in mean (+SEM) fat and protein contents of
expressed milk throughout lactation in Murciano-Granadina dairy
goats according to treatment. Dams in the suckling group (0; n =
49) were milked once daily until kids were weaned (wk 0 to 7) and
then were milked twice daily; dams in the milking group (®; n =
59) were separated from their kids at 48 h after birth; then, kids
were raised artificially, and goats were milked twice daily.

Milk Composition

Patterns of milk composition (fat, CP, and TS) in
milk throughout lactation were similar for dams in
the S and M groups (Figure 2), and none of the
differences between the groups were statistically sig-
nificant during any of the lactation periods studied
(Table 1). In both groups, effect of stage of lactation
was significant for all milk components studied (P <
0.01). The percentages of fat and TS fell from peak
values during wk 1 (6.35 + 0.11 and 15.85 + 0.13%,
respectively) to minimum values by wk 5 of lactation
(4.99 £ 0.07 and 13.84 + 0.10%, respectively), re-
maining at these percentages until wk 19. In subse-
quent weeks, percentages slightly increased until the
end of the lactation period studied (5.12 + 0.07 and
13.84 £ 0.11% for fat and TS, respectively). The mini-
mum percentage of CP was observed during wk 7 of
lactation (3.33 + 0.04%); values then increased
slowly until wk 29 (3.59 £ 0.05%).

The effect of parity on milk components is given in
Table 2. Percentages of fat and TS decreased, and
milk yield increased, for goats in first or second lacta-
tion. A slight increase (P < 0.05) in fat and TS
percentages also occurred for goats in fourth and
subsequent lactations. The CP percentage was similar
for first, second, or third lactation and increased in
goats in fourth and subsequent lactations, but only
during the first 7 wk of lactation (P < 0.05).

Milk CP percentage was always higher for goats
that had given birth to twins than for those that had
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given birth to a single kid (3.64 + 0.05 and 3.42 *
0.05%, respectively; P < 0.05). Finally, milk compo-
nents were influenced by year of birth (P < 0.05),
although the patterns throughout lactation were not
affected by this factor (results not shown).

DISCUSSION

The mean milk yield of this herd of Murciano-
Granadina goats at over 210 d of lactation was within
the range reported for the same breed by other
researchers (20, 31) who obtained milk yields rang-
ing from 1.40 to 1.76 L/d. That the total marketable
milk yield between the two groups was not statisti-
cally significant, in contrast to the observations of
other researchers studying breeds indigenous to
Damascus (21) and Greece (39). Those researchers
showed that early weaning increased the milk that
was available for market compared with different
suckling regimens from 2 to 84 d. This result is in
agreement with our results when the shorter duration

ET AL.

of the sucking period, which lasted 7 wk, is taken into
account.

The difference observed in our study between milk
yield as estimated by the oxytocin method for dams in
the S group during the first 7 wk of lactation and the
expressed milk yield for dams in the M group
throughout the same period was only 1%. Estimated
and expressed values in our study differed from those
in a previous work (22) in which French goats that
were suckled yielded 19% more milk than did those
that were milked after giving birth. Nevertheless, in
that study (22), every goat kept two Kids instead of
one. This result suggests that Murciano-Granadina
goats have a milk ejection mechanism similar to that
of dairy cows; this reflex can be stimulated by milking
nearly as effectively as by suckling as has been
demonstrated by others (12, 21, 23). Therefore, the
neuroendocrine milk ejection reflex is less important
in the goat than in the dairy cow because the gland
cistern is capable of storing up to 60 to 70% of the
milk secreted between milkings (6, 32). However, in

TABLE 1. Mean values for milk yield and composition according to treatment and significance of
effects of group (G), prolificacy (PR), and year (Y) in Murciano-Granadina dairy goats.

Group?! P
Item S M G PR Y
Goats, no. 49 59
Milk yield, L X SEM X SEM
Estimated? 92 5 . C NS3 t
Expressed
wk 1 to 7 37 4 91 3 ok NS *
wk 8 to 30 249 10 245 9 NS NS NS
Total lactation (210 d) 285 13 336 12 NS NS NS
Milk composition, %
Fat
wk 1to7 556 0.11 5.38 0.06 T NS kel
wk 8 to 30 4.85 0.08 5.06 0.07 NS NS t
Mean 5.04 0.08 5.15 0.06 NS NS *
CP
wk 1 to 7 3.50 0.05 3.64 0.05 T ** t
wk 8 to 30 3.44 0.06 3.57 0.05 NS T NS
Mean 3.46 0.05 3.59 0.05 NS * NS
TS
wk 1 to 7 14.38 0.14 14.63 0.12 NS T Fkx
wk 8 to 30 13.53 0.13 13.89 0.10 NS NS NS
Mean 13.76 0.12 14.09 0.10 NS NS *

1S = Suckling; M = milking. Dams in the suckling group were milked once daily until kids were
weaned (wk 0 to 7) and then were milked twice daily. Dams in the milking group were separated from
their kids at 48 h after birth; then, kids were raised artificially, and goats were milked twice daily.

2Estimated by the oxytocin method only in the S group (wk 1 to 7).

3P > 0.10.

P < 0.10.

*P < 0.05.
**pP < 0.01.
***p < 0.001.
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a recent work with cows (4), suckling caused a
greater short-term increase in milk yield than did
machine-milking, although the residual effect was
then delayed by the psychological disturbance of calf
removal, which was not observed for our goats. Other
researchers (1, 4) have suggested that suckling plus
frequent milking during early lactation enhance
mammary development, increasing both mammary
proliferation and differentiation of mammary cells of
goats (38) and cows (15). Mammary proliferation
continues for the first few weeks postpartum in goats
(18). Previous research (18) also has indicated the
effect of the feedback inhibitor of lactation, which
decreases milk secretion rate as milk accumulates in
the udder. In our study, as has already been stated,
the difference in milk yield was minimal and nonsig-
nificant. Evidence exists that efficient milking is of
supreme importance for cows at peak lactation be-
cause of a higher secretion rate at this stage of lacta-
tion (16). Cisternal milk volume does not increase
significantly in goats and cows between 2 and 6 h
postmilking (16); further secretion during this time
accumulated solely within alveolar tissue where the

3253

feedback inhibitor of lactation exerts its action (29).
In the goat, milk moves more easily into the cistern
(30), which is relatively more spacious and adaptable
than the cistern of the cow, which can also explain
our results.

The effect of parity on milk yield might have been
due to the proportion of mammary alveoli from the
previous lactation that did not involute. Those alveoli
would then be added to alveoli that developed in
subsequent lactations. This continuity is interrupted
as the age of the goat increases (17). In addition, as
the goat ages, its digestive system develops (35),
DMI is higher, and as a consequence, milk yield is
increased (34). Conversely, the decrease in milk yield
of goats in their fourth or greater lactation might
have been caused by a decline in the production of
lactogenic hormones, reduced efficacy of the milk ejec-
tion reflex (6, 35), or loss of secretory cells that
occurs when either age or lactation advances (19).

A higher persistency of lactation in first parity
goats has been reported (13). Other researchers (14,
36) also noted a decrease in persistency when milk
yield increased. This conclusion agrees with the high

TABLE 2. Mean values for estimated and expressed milk yield and composition in Murciano-

Granadina dairy goats.

Lactation
Item 1 2 3 4 >5 P
Goats, no. 31 23 21 18 15 X SEM
Milk yield, L
Estimated? 63b 1022 1112 1062 1082 92 5 ol
Expressed
wk 1 to 7 42 76 7 78 73 66 4 t
wk 8 to 30 210¢ 260ab 2922 241b 248ab 247 7 *
Total lactation (210 d) 252 3362 3692 3192 321a 313 9 *
Milk composition, %
Fat
wk 1 to 7 5.902 5.28bc 5.10¢ 5.51b 5.30bc 5.46 0.06 *x
wk 8 to 30 5.05 4.95 4.70 5.11 5.00 4.97 0.05 NS2
Mean 5.282 5.043b  4.81b 5.22a 5.082ab 5.10 0.05 *
CP
wk 1 to 7 3.552 3.502 3.5]1a 3.61ab  3.81b 3.58 0.04 *
wk 8 to 30 341 3.47 3.44 3.70 3.67 3.51 0.04 NS
Mean 3.45 3.47 3.46 3.68 3.71 3.53 0.04 NS
TS
wk 1 to 7 15.002  14.28bd 1397b  14.52ab 14.63ad 14.51 0.09 *x
wk 8 to 30 13.80 13.64 13.34 14.09 13.83 13.73 0.08 t
Mean 14.12a  13.81bc 13.51b  14.21ac 14.04ac 13.94 0.08 *

ab.cdyalues within a row without common subscript letters differ (P < 0.05).

1Estimated by the oxytocin method only in goats that were milked once daily
weaned and then milked twice daily (n = 16, 11,

2p > 0.10.
P < 0.10.
*P < 0.05.
**pP < 0.01.

until kids were
10, 6, and 6, respectively).
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persistency exhibited in our study by first lactation
goats and goats that gave birth to a single kid.

In contrast to our results, other studies (40, 41)
have shown that goats with twins tend to yield sig-
nificantly higher amounts of milk than do goats with
a single kid. However, in our study, goats kept one
kid as a maximum. Thus, differences in the suckling
stimulus did not exist.

The mean values of the measured milk consti-
tuents were similar to the composition observed by
other researchers for the same breed (20, 31) and
slightly high relative to the composition for different
breeds (11, 12). This result could be related to both
the genetic traits of the Murciano-Granadina dairy
goat and the reported milk yield associated with a
high nutritional environment. In general, as milk
yield increases, the proportion of milk components
decreases (27). In this study, similar results were
obtained throughout lactation and in reference to a
specific parity.

The effect of prolificacy on the CP percentage of
milk might have been a consequence of a greater
effect of placental lactogen during pregnancy, which
increased mammary tissue development and DMI
(5), combined with the lower suckling stimulus that
resulted from the removal of one or more kids at
birth.

Finally, year significantly affected milk yield and
composition because goats grazed natural pastures
and because environmental conditions varied among
years, affecting grass characteristics as has been
previously indicated (33).

CONCLUSIONS

Results showed that the rearing systems used af-
fected neither milk yield nor milk composition during
the entire lactation. Nevertheless, marketable milk
can be increased by approximately 50 L when Kkids
are removed at 48 h after birth. Moreover, the milk
ejection mechanism in goats can be stimulated by
milking as effectively as by suckling plus milking.
Thus, Murciano-Granadina dairy goats can be effi-
ciently machine-milked as has also been stated in a
previous work (32).
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