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ABSTRACT

A total of 3119 test day records for milk yield,
somatic cell count (SCC), and contents of fat, protein,
casein, serum protein, lactose, and total solids were
obtained weekly from 155 lactations of Churra ewes
during both the suckling and milking periods. All of
the variables were significantly affected by stage of
lactation, number of live lambs weaned, age at parity,
and parity number within age. The lactation curves
for SCC and for percentages of protein, casein, fat,
and total solids were related inversely to the lactation
curves for milk yield and lactose percentage. The SCC
curve reached its lowest point at wk 5, which coin-
cided with the maximum milk yield. At wk 3, lactose
content reached its peak, and contents of fat, protein,
casein, and total solids reached their lowest points.

After weaning, monthly within-lactation correla-
tions of the variables were simulated; values were
0.584 for yield, 0.468 for SCC, 0.371 for casein per-
centage, 0.360 for total solids percentage, 0.350 for
protein percentage, 0.342 for fat percentage, 0.270 for
lactose percentage, and 0.030 for serum protein per-
centage. Simplified procedures based on only one
milking (a.m. or p.m.) could be effective in the test-
ing programs for milk yield and SCC, thus, reducing
the economic costs of milk recordings in mammary
health and breeding programs.
( Key words: ewe, test day milk, somatic cell count,
milk components)

Abbreviation key: WLC = within-lactation correla-
tion.

INTRODUCTION

Ovine milk is very important in Mediterranean
countries, some of which have well-established milk
recording schemes. Normal husbandry in these coun-

tries traditionally includes a lamb suckling period of
approximately 1 mo and a milking period that begins
after lambs are weaned. The development of breeding
programs that are primarily based on milk yield from
ewes during the milking stage has led to a substantial
increase in total milk yield, to an increase in milk
yield during the suckling period, and, consequently, to
an increase in the milking of ewes during such period
(1) .

Ewe milk is a product that is high in fat and
protein and is mainly used in commercial or artisanal
quality cheeses and yogurts. As a result, testing pro-
grams for breeding and mammary health should also
consider milk composition and hygiene, as is done for
dairy cows. Milk fat and total solids contents have
traditionally been the most commonly considered
composition variables of milk from dairy ewes.
However, the factors of variation in the contents of
milk protein and protein fractions, such as casein
percentage or serum protein percentage are little
known at present. The SCC of milk is a good indicator
of the existence of subclinical mastitis (12), and SCC
are beginning to be used in mastitis control programs
for ewes. Nevertheless, little information is available
about the effects of ewe environment on SCC or about
the relationships between SCC and yield or composi-
tion of milk of dairy ewes (14). Lactose percentage is
one variable that is directly associated with yield and
is inversely related to SCC in cows (21, 33), but little
is known about such variation in sheep (39).

Lactation curves for milk yield and milk compo-
nents, and the effect of such factors as age, parity
number, and number of lambs born or weaned are of
interest for dairy ewe testing programs (14). Estab-
lishing lactation curves can be of interest to the study
of the accuracy of the milk traits and lactational
measures obtained from test day records.

The cost of monthly recordings of two daily milk-
ings is too high for sheep compared with individual
outputs (2) ; therefore, simplified procedures based on
monthly recordings of only one daily milking (a.m. or
p.m.) are of particular interest. Consequently, a more
extensive knowledge of within-lactation correlations
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( WLC) of yield, SCC, milk composition for a.m., p.m.,
and daily milkings is necessary.

The first objective of this paper was to study the
lactation curves of the milk, SCC, fat percentage,
protein percentage, casein percentage, serum protein
percentage, lactose percentage, and total solids per-
centage of ovine milk during the suckling and milking
periods. A second objective was to analyze the main
variation factors (lactation week, age at parity, parity
number within age, and number of live weaned
lambs) of the previous variables. Finally, a third
objective was to estimate the monthly WLC of test
day milk yield and milk components for a.m., p.m.,
and daily milkings during the exclusive milking
period with a view to their possible inclusion in the
testing programs for ovine milk.

MATERIALS AND METHODS

From January 1995 to December 1996, a total of
3119 test day observations for milk yield, SCC, and
contents of fat, protein, casein, serum protein, lactose,
and total solids were obtained weekly from 155 lacta-
tions of 74 Churra ewes belonging to the flock of the
University of León, Spain. The mean number of test
days per lactation was 20.1, and each ewe averaged
2.1 lactations.

During the suckling period (34.2 ± 0.60 d post-
partum), the lambs stayed continuously with the
ewes except for the milk recording days. This record-
ing was carried out beginning at the 2nd wk postpar-
tum; prior to each milking, the lambs were separated
from their mothers for 16 and 8 h before the cor-
responding a.m. (0900 h) and p.m. (1700 h) milk-
ings, respectively, to provide the appropriate period
for milk secretion. Milkings were recorded on consecu-
tive days to avoid an excessive period of inanition for
lambs, which could later affect mammary health. Be-
fore separation from the lambs, the ewes were milked
to remove residual milk. This method was similar to
that used after weaning and permitted the composi-
tion and yield of the milk in the suckling period to be
known. After weaning, the ewes were milked twice a
day at 0900 and 1700 h. Testing was carried out one
day a week on both milkings. On test days, a
100-ml sample of milk was taken for the analysis of
each milking, both in pre- and postweaning periods.
Ewes were always machine-milked.

Contents of fat, protein, lactose, and total solids
were determined by routine laboratory procedures us-
ing the automated infrared method (Milko-Scan 255;
A/S N Foss Electric, Hillerød, Denmark). The SCC
was determined with a Fossomatic 90 (Foss Electric)
within 72 h of collection, using the previously

described method (13). Serum protein content (non-
casein nitrogen content × 6.38) was measured by a
method of the International Dairy Federation (19),
which was modified for use with ovine milk. This
modification consisted of increasing the acetic acid
concentration to 20% in order to reach the isoelectric
point of the caseins in ovine milk. The percentage of
protein in serum was determined by use of the Milko-
Scan after the calibration of a specific channel for the
usual concentration ranges of this protein fraction.
The casein percentage was obtained by subtracting
the serum protein from total protein content.

Ewes from the University of León flock were per-
manently housed with similar environmental, han-
dling, and feeding conditions throughout the experi-
ment; for this reason, neither birth month nor season
factors were included in the statistical analysis.

The statistical study was carried out following two
mathematical models, a mixed model and a fixed
model. The mixed model was

Yijklm = m + Li + Wj + Ak + Pl( k) + Nm + eijklm
[1]

where Yijklm = test day measurement (milk, log SCC,
fat percentage, protein percentage, casein percentage,
serum protein percentage, lactose percentage, and to-
tal solids percentage) for a particular lactation Li of a
ewe of lambing age Ak at parity Pl within Ak, during
postpartum week Wj, and with m number lambs
weaned (Nm). Lactation was the only random effect,
with 155 levels. The week, age, parity within age, and
number of lambs weaned were fixed effects.

This mixed model was based on that applied by
Stanton et al. (36) for estimating lactation curves of
dairy cows for milk, fat, and protein. This model
presents greater validity when used to study lactation
curves with a high number of test day for lactation
and could be considered a good approximation to more
complex mathematical models. The lactation random
effect explains more variation in test day yield than
does any other factor.

The effect of test day week was divided into 21
postpartum intervals: 3 in the suckling period and 18
in the postweaning period.

The effect of age was represented by five annual
classes: 1.5 (between 1 and 2 yr old), 2.5 (between 2
and 3 yr), 3.5 (between 3 and 4 yr), 4.5 (between 4
and 5 yr), and 5.5 ( ≥5 yr). The number of age classes
was small so that the effect of the parity number
within each age class could be studied (8) . The parity
subclasses were as follows: first and second parities
within the age class 2.5 yr; first, second, and third
parities within 3.5 yr; second, third, and fourth pari-
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TABLE 1. Arithmetic means and standard errors of the test day
variables of milk composition and yield for all of the lactation.

Variable X SE

Milk yield, ml/d 1008 8.41
Log SCC 4.95 0.01
Fat, % 6.54 0.04
Protein, % 5.70 0.02
Casein, % 4.32 0.02
Serum protein, % 1.38 0.00
Lactose, % 5.35 0.01
Total solids, % 18.57 0.05

ties for 4.5 yr; and third, fourth, fifth, and sixth for
5.5 yr. The ewes in the 1.5-yr age class were all first
parity.

The effect of number of live lambs weaned was
divided into four levels according to whether 0, 1, 2,
or 3 lambs were weaned.

This mixed model was used for the postpartum
study of the lactation curves and the fixed environ-
mental effects, based on data with 3119 test day
records, 21 postpartum wk, and 155 lactations. The
mixed model was also used for estimation of weekly
WLC in the postweaning period because regulations
for milk recording in dairy sheep are only concerned
with such a period (18). This latter study was carried
out using a data file of 2703 test day records, 18
postweaning wk, and 155 lactations.

The WLC was defined as the ratio of lactation
variance to the sum of the residual and lactation
variances (36). The WLC, as estimated by REML, as
well as the corresponding standard errors, were ob-
tained by the average information REML procedure
using the programs of Gilmour et al. (10). The WLC
of weekly test day was estimated in connection with
the experimental design in which yields were col-
lected weekly. However, because official milk testing
programs for ewes are carried out monthly (18),
approximate estimates of WLC were also made
monthly, simulating four data files, each from 155
lactations, with monthly records based on total data.
Approximate monthly WLC was obtained as the mean
of the WLC of these four data files corresponding to a
total of 2396 test day records. For each of these four
data files, the first test day was simulated to have
been carried out in the 1st, 2nd, 3rd, or 4th wk,
respectively. Then, starting from each of these weeks,
monthly records within one lactation of one ewe were
taken.

For the study of the lactation curves and the fixed
factors from the mixed model, the random effect of
lactation was associated with a particular variance
component (36) using the maximum likelihood op-
tion with the absorption of random effect as described
in Harvey’s LSML76 program (17). This procedure
provides a good approximation of the convergence of
the maximum likelihood iteration (32).

The second mathematical model used in the study
was the model for fixed effects:

Yijklm = m + Wj + Ak + Pl( k) + Nm + eijklm [2]

where the fixed effects were the same as in the previ-
ous model. However, in Model 2, only the data file
that corresponded to the postweaning period (18 wk)

was used because official recordings are carried out
only during this period (18). Based on this second
model, we estimated the residual correlation coeffi-
cients, adjusted for the fixed factors of the model,
among the 8 variables that were considered in the
study. Analyses were carried out using Harvey’s
LSML76 programs (17).

RESULTS AND DISCUSSION

The means for milk yield, fat percentage, protein
percentage, casein percentage, serum protein percent-
age, lactose percentage, and total solids percentage
(Table 1) are within the range of estimates that have
been recorded for other dairy sheep breeds in Mediter-
ranean countries (20). The arithmetic mean for SCC
(229 × 103 cells/ml) was much lower than that
recorded in other flocks of the same breed without a
mastitis control program (14). Teat dip after milking,
selective dry therapy, and culling of ewes with chronic
mastitis were routinely applied in the flock used in
our study, which would explain the low prevalence of
infection of half-udders (below 10%), and, as a result,
mean SCC values below the discrimination threshold
for subclinical mastitis in dairy ewes (11, 12).

The lactation stage (postpartum week), parity age,
number of live lambs weaned, and parity number
within age contributed significantly to variation
among variables.

The weekly means of the variables studied over a
lactation are shown in Figures 1, 2, and 3. These
lactation curves are similar to those for dairy cows
(29, 34, 40) and those described for yield, fat percent-
age, and protein percentage for other breeds of sheep
(4, 28). These results also reflect the effect ( P <
0.001) of the milking period on SCC of ovine milk
(14, 25).

The lactation curves for SCC and percentages of
protein, casein, fat, and total solids were related in-
versely to the lactation curves for milk yield and
lactose content. The SCC curve reached its lowest
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Figure 1. Weekly milk yield (SEM: 26.7; ÿ) , SCC (SEM: 0.03;
⁄) , and lactose (SEM: 0.03; π) contents throughout lactation.

Figure 2. Weekly protein (SEM: 0.06; ÿ) , casein (SEM: 0.05;
π) , and serum protein (SEM: 0.02; ⁄) contents during lactation.

Figure 3. Weekly fat (SEM: 0.10; ÿ) and total solids (SEM: 0.13;
⁄) contents throughout lactation.

TABLE 2. Least squares means of test day variables by the number
of weaned lambs.

a,b,c,dMeans in a row with no common superscript letters differ
( P < 0.05).

Lambs weaned

Variable 0 1 2 3

Milk yield, ml/d 754d 957c 1044b 1128a

Log SCC 5.09a 4.92b 4.94b 4.90b

Fat, % 7.20a 6.78b 6.59c 6.75bc

Protein, % 5.87a 5.73b 5.85a 5.83a

Casein, % 4.45a 4.34b 4.46a 4.42a

Serum protein, % 1.42 1.38 1.39 1.41
Lactose, % 5.38a 5.36a 5.28b 5.23b

Total solids, % 19.46a 18.86b 18.73c 18.81c

Test days, no. 136 1941 919 123

point at wk 5, which coincided with the maximum
milk yield. Lactose percentage reached its peak at 3
wk, and fat, protein, casein, and total solids reached
their lowest points at 3 wk. Other researchers (9, 26,
28) also recorded the minimum values for fat percent-
age, protein percentage, and total solids percentage
and maximums for yield and lactose percentage be-
tween the 2nd and 5th wk postpartum in other dairy
sheep breeds, in agreement with our results.
Although the variation in SCC during lactation was
highly significant ( P < 0.001), the difference between
the geometric means at the 5th wk and the end of
lactation was 30 × 103 cells/ml. This difference be-
tween the extreme values of SCC was much less than
that recorded for other flocks with high infection
prevalences (12, 15) and thus could be attributed to a

cellular concentration effect in decreasing milk quan-
tities rather than an important worsening in the state
of health of the udders throughout lactation.

The large volumes of milk obtained during the
suckling period had very low contents of milk fat and
protein. Conversely, milk yield was almost three
times lower during the last lactation month, but milk
fat and protein contents were 2.3 and 1.5 times
higher, respectively, than those during the suckling
period. Therefore, the decline in yield throughout lac-
tation was more pronounced than the corresponding
increases in fat and protein percentages. The ratio of
casein content ( ×100) to total protein content at-
tained its minimum value (72.1%) during the 5th wk
postpartum, which coincided with the peak in milk
yield. This ratio increased progressively throughout
lactation until the maximum value (78.1%) was
reached during the last week of lactation. As with
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TABLE 3. Least squares means of test day variables by parity age of ewes.

a,b,c,dMeans in a row with no common superscript letters differ ( P < 0.05).

Parity age

Variable 1.5 yr 2.5 yr 3.5 yr 4.5 yr >5 yr

Milk yield, ml/d 943b 1048a 1041a 944b 878c

Log SCC 5.02a 5.02a 4.97ab 4.86c 4.94b

Fat, % 6.15d 6.18d 6.67c 7.37b 7.78a

Protein, % 5.68c 5.65c 5.69c 5.95b 6.14a

Casein, % 4.30c 4.26c 4.31c 4.54b 4.69a

Serum protein, % 1.37b 1.39b 1.39b 1.41b 1.45a

Lactose, % 5.39a 5.40a 5.33b 5.22c 5.24c

Total solids, % 18.22d 18.23d 18.70c 19.53b 20.16a

Test days, no. 462 931 806 602 318

TABLE 4. Phenotypic (above the diagonal) and residual (below the diagonal) correlations between test day variables.

Milk Log Serum Total
yield SCC Fat Protein Casein protein Lactose solids

Milk yield –0.10 –0.61 –0.65 –0.65 –0.38 0.48 –0.64
Log SCC –0.10 0.01 0.09 0.05 0.21 –0.29 –0.01
Fat –0.27 0.01 0.76 0.77 0.42 –0.52 0.96
Protein –0.31 0.06 0.57 0.99 0.67 –0.61 0.88
Casein –0.28 0.02 0.58 0.97 0.47 –0.58 0.89
Serum protein –0.25 0.16 0.31 0.66 0.54 –0.49 0.51
Lactose 0.23 –0.29 –0.29 –0.37 –0.34 –0.33 –0.46
Total solids –0.29 –0.03 0.93 0.79 0.79 0.45 –0.17

other ruminant species (21, 31), the ratio of casein
content to serum protein content was high; the mini-
mum value of 2.6 occurred during the 5th wk, and the
maximum value of 3.6 occurred in the 22nd wk post-
partum. These progressive enrichments in caseins
and fat in the milk throughout lactation are of great
interest, given the existing relationship between the
concentration of these components, the rennet clotting
time, and the coagulum strength (30, 37).

Lactation curves can be used to study the accuracy
of estimation methods for lactation yield and composi-
tion. We have already carried out this application in a
recent study on estimation errors in milk yield from
different test day methods (7) . Lactation curves can
also be used to obtain lactational measures of milk
composition adjusting test day for lactation stage.
Such measures are the most frequently used for SCC
in breeding programs (34, 38).

The effect of number of live lambs weaned was
highly significant ( P < 0.001) for milk yield, SCC, fat
percentage, protein percentage, casein percentage,
lactose percentage, and total solids percentage (Table
2). This effect was not significant ( P > 0.05) for
serum protein percentage. Milk yield increased 9.1
and 17.9% for the ewes that weaned 2 and 3 lambs,
respectively, compared with those that weaned only 1.
These results concurred with those obtained by other

researchers (3, 8, 14); milk yield was higher after
weaning for ewes that had twin lambs than for ewes
that had given birth to singletons. However, the yield
differences recorded by us were higher than those
from other studies because we also included the suck-
ling period in the study. The ewes that did not wean
live lambs had the lowest milk yield and the highest
values for SCC, fat percentage, protein percentage,
lactose percentage, and total solids percentage in the
milk, probably from a concentration effect. However,
in flocks with poor hygiene conditions, some research-
ers (14, 16) have found that udder health deterio-
rated for ewes that suckled two lambs instead of one.
This result seems to indicate that the effect of number
of lambs weaned on milk SCC would be different
according to the health condition of the flock. Thus,
lambs would have a deleterious effect on the mam-
mary health of infected ewes, and the effect of dilu-
tion derived from a higher yield would explain the
decrease in SCC in healthy ewes giving birth to mul-
tiple lambs.

Parity age was highly significant ( P < 0.001) for
all variables (Table 3). The highest yields were for
ewes aged 2.5 yr. The highest values for fat, protein,
casein, serum protein, and total solids contents were
obtained from the oldest ewes, coinciding with
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TABLE 5. Least squares means ( ±SE) of test day variables studied after weaning by a.m., p.m., and
daily milkings.

Variable a.m. p.m. Daily

X SE X SE X SE
Milk yield, ml/d 599 7.82 332 4.67 931 11.30
Log SCC 4.84 0.02 5.07 0.02 4.96 0.02
Fat, % 6.22 0.05 8.58 0.06 7.06 0.05
Protein, % 5.99 0.03 5.81 0.03 5.93 0.03
Casein, % 4.55 0.03 4.42 0.03 4.51 0.02
Serum protein, % 1.44 0.01 1.38 0.01 1.42 0.01
Lactose, % 5.31 0.02 5.22 0.02 5.28 0.01
Total solids, % 18.52 0.07 20.61 0.07 19.26 0.06

TABLE 6. Postweaning weekly within-lactation correlations ( ±SE) of the yield, SCC, and milk
composition variables for a.m., p.m., and daily milkings.

Variable a.m. p.m. Daily

r SE r SE r SE
Milk yield, ml/d 0.597 0.021 0.487 0.023 0.644 0.020
Log SCC 0.427 0.023 0.498 0.023 0.507 0.023
Fat, % 0.375 0.020 0.383 0.020 0.450 0.023
Protein, % 0.404 0.021 0.345 0.022 0.419 0.021
Casein, % 0.439 0.023 0.354 0.022 0.460 0.023
Serum protein, % 0.083 0.011 0.119 0.014 0.118 0.014
Lactose, % 0.293 0.020 0.128 0.014 0.322 0.021
Total solids, % 0.389 0.022 0.380 0.022 0.450 0.023

smaller yields and lower lactose concentrations (Ta-
ble 3).

Parity number within each age also contributed
significantly to the variation of most variables. Thus,
within each age, as parity number increased, milk
yield decreased ( P < 0.001), but SCC and the compo-
sition variables increased ( P < 0.05). The smaller
variation corresponded to the serum protein percent-
age fraction for which no significant ( P > 0.05) effect
was found for ewes that were 2.5 or 4.5 yr old.

The residual correlations (Table 4) between yield
and composition variables were negative and high (r
= –0.25 to –0.31), except for lactose percentage, which
had a positive correlation with yield (r = 0.23), as
expected. The strong correlations between contents of
protein and fat (r = 0.57) and casein and fat (r =
0.58) in ovine milk are also common in the milk of
other ungulates (21). The correlations between lac-
tose percentage and the three protein variables (r =
–0.33 to –0.37) were negative and could be explained,
as the synthesis of lactose in the Golgi vesicles is the
primary regulator of the amount of water that dilutes
the protein to its final concentration (21). A signifi-
cant, negative correlation was found between SCC
and milk yield (r = –0.10) and between SCC and
lactose content (r = –0.29), thus pointing out that
high SCC in milk, as a result of subclinical mastitis,

is associated with low milk yield and low lactose
content, as has been described for dairy cows (29,
33). The significant correlations between SCC and
serum protein percentage (r = 0.16) and between
SCC and total protein percentage (r = 0.06) were
similar to those recorded by others for dairy ewes
(30).

Table 5 shows the mean values for a.m., p.m., and
daily milkings for the variables studied after wean-
ing. Differences can be explained by the unequal in-
terval between milkings: 8 h between the a.m. and
p.m. milkings and 16 h between p.m. and a.m. milk-
ings. Milk yield was 64.3 and 35.7% of total daily
yield for a.m. and p.m. milkings, respectively, for
these intervals, which meant greater SCC, fat, and
total solids contents in the p.m. milking. The protein
variables varied less between milkings; these varia-
tions were always below 2 g/L. These results are
consistent with the ratios of a.m. to p.m. milkings
recorded for dairy ewes by others (1, 6) for milk
yield, fat percentage, protein percentage, and total
solids percentage using different intervals between
milkings. The arithmetic means of SCC for the day
and for the a.m. and p.m. milkings were 247, 223, and
300 × 103 cells/ml, respectively; similar variations
between milkings have been recorded for SCC of La-
caune ewes (25).
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TABLE 7. Postweaning monthly within-lactation correlations ( ±SE) of yield, SCC, and milk composi-
tion for a.m., p.m., and daily milkings.

Variable a.m. p.m. Daily

r SE r SE r SE
Milk yield, ml/d 0.537 0.021 0.430 0.020 0.584 0.020
Log SCC 0.383 0.023 0.471 0.023 0.468 0.022
Fat, % 0.250 0.023 0.286 0.023 0.342 0.022
Protein, % 0.295 0.023 0.234 0.023 0.350 0.023
Casein, % 0.350 0.023 0.270 0.023 0.371 0.023
Serum protein, % 0.028 0.019 0.042 0.019 0.030 0.019
Lactose, % 0.280 0.023 0.064 0.039 0.270 0.023
Total solids, % 0.300 0.023 0.280 0.023 0.360 0.023

The strong variations between milkings in milk
yield, SCC, and contents of fat and total solids require
daily adjustments of these variables to estimate lacta-
tion yields in DHIA records systems when they are
measured for one monthly milking. For dairy cows,
the correction factors are known for estimation of
daily milk yield or daily fat percentage, based on a.m.
or p.m. milkings for different intervals between milk-
ings (5, 27, 35), but little information exists for dairy
ewes (7) .

Table 6 shows weekly WLC of random effects cor-
responding to weekly test day values for milk yield
and components for a.m., p.m., and daily milkings.
These weekly WLC were in accordance with monthly
WLC (Table 7), although slightly higher, as ex-
pected.

As Table 7 shows, monthly WLC of milk yield and
SCC were similar to those for dairy cows, but the
values for fat and protein contents were lower than
those for cows (22, 23, 27). An important variation in
the test day record for fat content of the milk can be a
result of characteristics that are specific to milk ejec-
tion in ewes under conditions of machine milking
(24). Monthly WLC of the daily test records were
always similar to or greater than WLC when only one
milking, a.m. or p.m., was sampled. This result is
consistent with those obtained in other studies (5, 27,
35). Monthly WLC for milk yield for a.m. milkings
were slightly higher than those for the p.m. milkings.
Nevertheless, those variables that are most in-
fluenced by a concentration effect, such as fat percent-
age and SCC, had somewhat higher WLC for the p.m.
milkings than for the a.m. milkings (Table 7). Very
low WLC of lactose percentage for p.m. milkings are
difficult to explain and will require further study
because this trait has not been well studied in dairy
ewes. Monthly WLC of casein percentage for a.m. and
p.m. milkings were slightly higher than those of total
protein percentage, but WLC for serum protein per-
centage were very low, probably because this later

variable shows important random variations through-
out lactation. The heterogeneity of this fraction,
which includes a high number of proteins with differ-
ent biological significance, as well as a small amount
of NPN (21, 30), could explain this very low WLC.

Concentrations of fat, protein, casein, serum pro-
tein, and total solids showed relatively low monthly
WLC for daily milk and even lower WLC for simpli-
fied procedures based on only one milking (a.m. or
p.m.). In this respect, simplified test day procedures
could lessen the accuracy of testing programs for milk
composition. However, milk yield and SCC showed, in
all cases, appreciably higher monthly WLC.

CONCLUSIONS

Lactation stage had a highly significant effect on
variation in milk yield and milk composition. Lacta-
tion curves can be used to obtain lactational measures
of yield and composition from monthly test day ad-
justed for stage of lactation. Milk yield and SCC had
moderately high monthly WLC for all daily, a.m., and
p.m. milkings after weaning. As a result, the use of
simplified procedures based on the monthly sampling
of only one milking for both variables could be em-
ployed in order to decrease the high economic cost of
the testing programs for mammary health and breed-
ing in dairy ewes.
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