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Abstract

We address the hypothesis that keeping kids and mothers together would have positive effects
on the milk composition of the mother and the behaviour of the kids. Kids were either per-
manently separated (SEP), daily separated between 7.30 and 15h (DAY-SEP) or kept with
mothers 24 h/d (NON-SEP). The NON-SEP kids were only allowed to suckle one teat. All
kids had similar growth rate throughout the study (lactation days 5-70). DAY-SEP kids
spent 24% of their time with their mother at both ages. NON-SEP spent only 15% of the
time with their mothers at 2 weeks of age and this increased to 28% at 2 months of age.
NON-SEP kids showed more hiding behaviour at 2 weeks and SEP were more active alone,
at both 2 weeks and 2 months, compared to the other treatments. The mean available milk
yield and fat concentration were higher in DAY-SEP goats (2420 g+ 119 g and 4.9+ 0.1%)
compared with NON-SEP goats (2149 +79 g and 4.4+ 0.1%). There were no differences
between DAY-SEP and NON-SEP goats in total protein, lactose, or casein concentrations.
Based on these data it was estimated that 7.1 kg milk was needed to produce 1kg semi-
hard cheese in DAY-SEP goats and 7.5 kg in NON-SEP goats, respectively. When comparing
milk yield and composition between udder halves, the milk yield was, as expected, higher from
the machine milked teat than from the suckled one in the NON-SEP goats but there was no
difference between right and left udder halves in DAY-SEP goats. Milk fat concentration var-
ied between teats at morning and afternoon milkings in NON-SEP goats, but there was no
difference in milk fat between udder-halves in DAY-SEP goats. In conclusion, the kid growth
rate was similar in all treatments, however, an altered behaviour was seen in permanently
separated kids (SEP). The results show that it is possible to have a high milk yield and fat con-
centration with one kid together with the dam.

Dairy goats can be kept in intensive, semi-intensive or extensive management systems
(FAO, 2014). In intensive systems, which are most common in industrial countries, early
weaning of the offspring is customary (Miranda de la Lama and Mattiello, 2010) since it
is often argued that early separation is the best way to get the largest amount of milk for
processing and consumption. Intensification in the dairy sector gives less opportunity for
animals to express natural behaviour and early separation of mother and offspring is
known to impair the welfare of the animals (Miranda de la Lama and Mattiello, 2010).
Earlier separation can be a stressful event for both goats and kids (Boivin and Braadstad,
1996; Bergamasco et al., 2005; Newberry and Swanson, 2008; Miranda de la Lama and
Mattiello, 2010; Winblad von Walter et al., 2010), which often leads to reduced growth
rate in the kids (Miranda de la Lama and Mattiello, 2010). The opportunity to express nat-
ural behaviour, in this case by rearing dams and kids together for a longer period, improves
well-being and animal welfare (Hernandez et al., 2007). Suckling is considered a positive
situation, whereas abrupt and early separation of mother and offspring may have negative
consequences (Newberry and Swanson, 2008). In semi-intensive and extensive systems,
goats and kids can be kept together for longer periods and the dams are both milked
and suckled simultaneously. In this study, we have translated the terminology presented
by Sirovnik et al. (2020) when possible. The first aim of this study was to investigate growth
and behaviour in artificially reared, early-separated kids (SEP), partially separated kids
(contact allowed overnight, called daily separated kids or DAY-SEP) and full goat-kid con-
tact, called non-separated kids or NON-SEP.
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It has been shown that keeping mother and offspring together
can influence saleable milk production and cheese yield positively
in dairy sheep (Knight et al., 1993; McKusick et al., 2001, 2002;
Rassu et al., 2015) and goats (Hogberg et al., 2016). These systems
are especially appropriate for high yielding animals as the off-
spring normally cannot empty the udder (Marnet and Komara,
2008) and Delgado-Pertinez et al. (2009a, 2009b) such that
large amounts of milk are left for human consumption.

During cheese production both milk yield and composition
are of great importance, since casein (protein) and fat concentra-
tion affects both quality and yield of the curd (Diaz et al., 1999;
Clark and Sherbon, 2000; Soryal et al., 2005). Swedish goats gen-
erally have a high milk production but with low concentrations of
fat and protein (Hogberg, 2011). According to the Swedish Goat
Breed Association, it takes about 10 kg of milk to produce one kg
of cheese. Hogberg et al. (2016) showed that in systems with par-
tial goat-kid contact, suckling before machine milking increased
milk fat concentration compared to goats machine milked before
suckling, and that goats kept with their kids for 16 h/d had higher
milk fat concentration, casein concentration and curd yield com-
pared with goats kept together with their kids for 8 h/d.

Suckling and frequent milking during early lactation improves
mammary development by increasing both mammary prolifer-
ation and differentiation of mammary cells in goats (Wilde
et al., 1987; Knight and Wilde, 1993). The mother—young-bond
has a very strong effect on the regulation of hormones involved
in lactation, and interruption of the maternal—young-bond
immediately after birth can result in negative effects on lactation
persistency, and less effective oxytocin release during milking
(Marnet and McKusick, 2001). Oxytocin-mediated milk ejections
are necessary for a complete emptying of the udder, which also
further stimulates milk secretion positively (Bruckmaier, 2005).
Studies in goats (Olsson and Hogberg, 2008) and ewes (Marnet
and Negrao, 2000) confirm that oxytocin levels in plasma increase
more during nursing/suckling than during milking. Also, higher
milk yields were obtained in goats during suckling compared to
machine milking (Delgado-Pertinez et al., 2009a, 2009b).

There is substantial evidence that milk production is regulated
by local factors within the mammary gland, as well as by systemic
factors (Wilde et al., 1995). In a review by Stelwagen (2001) it was
concluded that the increase seen in milk yield, when milking fre-
quency is increased in only one teat, is due to local mammary fac-
tors regulating the milk synthesis in each gland independently of
each other. To investigate how suckling and milking influence
milk production, it is necessary to compare suckled teats and
milked teats separately. Therefore, in the present study
NON-SEP kids were kept with their mothers permanently but
they were only allowed to suckle one teat while the other was cov-
ered with a bra to prevent suckling. By this half udder system,
samples were taken from machine milked and suckled teats sep-
arately. DAY-SEP kids (the other treatment in the present
study) were allowed to suckle both teats but samples were col-
lected from left and right udder half separately.

The aim of the present study was first to compare the behav-
iour of kids either artificially reared (SEP), daily separated kids
with partial goat-kid contact (DAY-SEP) or kids with full goat-kid
contact (NON-SEP). The second aim was to compare the saleable
milk production from the groups. The third aim was to investigate
how milk yield and composition were affected by suckling and
machine milking. The hypothesis was that keeping goats and
kids together would increase animal welfare and have a positive
effect on the milk composition.

Madeleine Hogberg et al.

Material and methods
Animals, housing and management

Before experiments, twelve goats, 2—4 years old, of the Swedish
domestic breed (Capra hircus) were kept in an indoor free range
stall (10 x7 m) with straw and shavings as bedding material
(including large plastic boxes and tables for enrichment and
hideouts), at the Swedish University of Agricultural Sciences,
Uppsala, Sweden. Hay, water and mineral licks were available
ad libitum and room temperature was 17 +1°C. All goats
gave birth over an interval of slightly more than one month.
After parturition, all kids (n =22) stayed together with their
mothers in the home pen and suckled freely for 4d during
the colostrum period. The female goat kids were dehorned at
2-4 weeks of age. Before the experiments started, all goats
were well adapted to handling and accustomed to the experi-
mental procedures, performed by the same experienced
researchers and technicians. The Local Ethical Committee,
Uppsala, Sweden, approved the care of the animals and the
experimental procedures (C36/9).

Before parturition, the goats were randomly assigned into two
treatments: Partial goat-kid contact, DAY-SEP (goats and kids
were kept together but separated daytime between 7:30 and
15:00) and full goat-kid contact, NON-SEP (no separation,
goats and kids were together for 24 h). It was decided that the
goats should be kept with one kid, and preferably a female goat
kid since female kids are commonly recruited to the herd.
Therefore, one kid was allocated into the same treatments as
their mothers (DAY-SEP, NON-SEP) and the rest of the kids
were allocated to a third treatment where they were permanently
separated from their mother (SEP) and artificially reared. A total
of 11 goats and 22 kids participated in the study. Further details of
how the kids were allocated to the treatments are described in the
online Supplementary File and in (Winblad von Walter et al.,
2021).

Experimental procedures

A total of ten kids, nine males and one female, were artificially
reared and separated from their mothers permanently on day 5
(SEP). The kids were fed goat milk from the herd three times
daily with a self-feeder and were kept in a pen, 4.5 x 3 m (includ-
ing large plastic boxes and tables for enrichment and hideouts), in
the same animal room as the goats home pen.

Six kids, three of each gender, had partial goat-kid contact by
separating them during daytime between 7:30 and 15:00h,
while the goats were moved to an adjustment room next door
(DAY-SEP). There, the goats were kept in a loose housing pen
and had free access to hay, water and mineral licks. At 15:00h
the DAY-SEP kids were re-joined with their mothers and were
allowed to suckle their dams during 30 min before afternoon
milking. After milking, both goats and kids went back to their
home pen, and stayed together during the night. The kids had
free access to suckle both teats.

Finally, six kids, one male and five females, had full goat-kid
contact and were kept together with their mothers in the home
pen throughout 24 h (NON-SEP). These kids were only allowed
to suckle one teat and the goats, therefore, had a specially
designed bra suspended in harness to prevent the kids from suck-
ling one teat.

The whole experimental period was 75d, however, the kids
were only weighed during 9 weeks.
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Milking procedures and milk analyses

The goats were machine milked twice daily at 7: 30 in the morn-
ing and 15: 30 in the afternoon, One goat at a time was milked in
a milking parlour next door to the home pen. The goats were fed
concentrate and carrots during milking. Both udder halves were
milked separately with a specially designed ‘separation-milker 8
I bucket milking machine (provided by DeLaval international
AB, Tumba, Sweden). Milk from each udder half was weighed
separately. Milk samples were collected during 70 d and further
details are described in the online Supplementary File. Briefly,
samples of fresh milk were collected in 10 ml plastic tubes and
heated in a water-bath to 40°C and analysed for fat, lactose and
total protein by a mid-infrared spectroscopy method (Farm
Milk Analyser Model 2001 previously calibrated for goat milk,
Miris AB, Uppsala, Sweden). The casein concentration was deter-
mined by a rennet coagulation method and measured by the same
mid-infrared spectroscopy method as above. Further explanations
are described in the online Supplementary File. Compositional
data were used to derive an estimated cheese yield, following
the calculations described in Vacca et al. (2018).

Measurements of kids body weight and behaviour

Body weight of all kids was recorded once weekly from birth
(week 0) until 9 weeks of age (Mettler Toledo, Stockholm,
Sweden and Stathmos AB, Jonképing, Sweden). The kids were
weighed only on a weekday: those born on a Saturday were
weighed on a Friday and those born on a Sunday were weighed
on a Monday. The weighing was performed in the afternoon
just before DAY-SEP kids were reunited with their mothers.

At two weeks (range 12-16 d) and 2 months (range 59-69 d),
instantaneous behavioural recordings of active and passive behav-
iour and if and to whom the kids had social contact, were made
every 10™ minute. All kids were observed by direct observations
from 7:00h until 19:00h by two observers and on both occa-
sions the observations were performed during 3 d. The behaviours
are defined and presented in online Supplementary Table S2.

Statistics

Data were examined using the repeated measurement ANOVA
(mixed procedure) of the Statistical Analysis System (SAS Institute
Inc. Cary, NC, USA, 2003). The statistical model included the effect
of sample, system, gender and animal. Differences between genders
are only presented when overall significances were found. Pairwise
comparisons within treatment were tested for significance using dif-
ferences in least square means (the DIFF option). Results are pre-
sented as means + standard error of means (sem), results from
milk yield of individual goats are presented as a range (min
—max). The significance level was set at P < 0.05.

Results
Body weight of kids

The kids’ birthweights were 2880 + 18 g, 2860 + 21 g and 2730 +
22 g in SEP, DAY-SEP and NON-SEP kids, respectively. At 9
weeks the kids weighed 14000+39g (SEP), 14700+42¢g
(DAY-SEP) and 13600+33g (NON-SEP). The mean daily
weight gain was 180+ 9 g/d (SEP), 190+ 9 g/d (DAY-SEP) and
180 + 8 g/d (NON-SEP). The weekly weight gain varied more in
DAY-SEP kids compared to the other treatments but there was
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no difference in overall weight gain between treatments or
between male and female kids (online Supplementary Figure S1).

Home pen behaviour and social position

Kids in all treatments were more active and spent less time resting
at two months of age compared to two weeks of age (P <0.05).
There were no significant differences in total active or resting
behaviour between treatments within age, see Table 1. The SEP
kids spent more time being active with another kid at both two
weeks and two months than NON-SEP kids. All groups were
more active alone at 2 months compared to 2 weeks (P <0.05).
NON-SEP kids were more active with their mothers than
DAY-SEP kids and this activity increased with age.

At two weeks the NON-SEP kids spent most time resting alone
followed by DAY-SEP and SEP kids. In accordance, the SEP kids
spent most time resting with another kid followed by DAY-SEP
and NON-SEP kids (Table 1). When the mother was available,
DAY-SEP kids spent 24% of their time with their mother at both
ages. NON-SEP spent only 15% of available time with their mothers
at 2 weeks of age and this increased to 28% at 2 months of age.

Milk yield and composition between treatments and udder
halves within treatments

The milk yield varied greatly between animals; several goats
yielded more than 3000 g/d (Table 2). Fat concentration and cal-
culated cheese yield varied between animals compared to protein,
casein and lactose concentration. The mean daily milk yield was
higher in DAY-SEP goats compared with NON-SEP goats;
2420g+119g and 2149+79g kg, respectively (P <0.05,
Table 2). When comparing udder halves, there was no difference
in either milk yield (1284 +77 g and 1081 + 62 g) or fat concen-
tration (Fig. 1) between left and right udder halves in DAY-SEP
goats. In the NON-SEP goats milk yield was higher in the milked
teats (1593 + 57 g) compared to the suckled teats (510 £42 g, P<
0.001), as would be expected. When comparing milk fat concen-
tration in NON-SEP goats, the milked gland had higher fat con-
centration at afternoon milking (5.7 +0.2%) than the suckled
gland (4.6 +0.1%, P<0.05, Fig. 1). This was reversed at the
morning milking, with higher fat concentration now in the
suckled gland (P <0.05, Fig. 1). Both DAY-SEP and NON-SEP
goats had a higher milk yield with lower fat concentration in
morning milking compared to afternoon milking (P <0.05). In
total, there was no difference in milk fat concentration between
the milked and suckled udder-halves.

The total protein concentration was 3.2 + 0.04% for DAY-SEP
and 3.1 +0.03% for NON-SEP goats and lactose concentration
was 4.8+0.1% for DAY-SEP and 4.7+0.1% for NON-SEP
goats. The casein concentration was 2.1% for both DAY-SEP
and NON-SEP goats and the casein number (% of total protein)
was 72% for both groups. The casein number was lower for both
treatments on day 36 (68%) compared to day 75 (74%). There was
no difference in casein concentration between udder halves.

Discussion

In this study, the goat-kid-bond was well established (Gubernick,
1981; Poindron et al., 2003; Terrazas et al., 2003) in all kids before
they were divided into their respective system 5 d after parturition.
According to earlier studies in goats, permanent separation goat
kids was likely to lead to stressful reactions (Boivin and
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Table 1. Home pen behaviour at 2 weeks and 2 months of age

Madeleine Hogberg et al.

Treatments SEP DAY-SEP NON-SEP SEP DAY-SEP NON-SEP
Active (A)
A. alone 17.1+£1.7° 142+1.7° 11.7+1.7° 27.5+1.7° 2424257 26.3+2.97
A. kid 25.8+1.7%0 18.3+2.1°¢ 15.8+2.1° 31.2+25° 22.1+2.1% 16.3£2.5°
A. mother = 7.1+25° 11.7+17 = 83+2.1° 15.8 + 1.7
A. total 429425 412+3.3° 412+25° 59.2+2.9° 56.7+4.2° 612+4.2°
Resting (R)
R. alone 5.4+0.3° 20.4+4.2° 34.2+4.2° 17.1+2.5° 12.1+2.5°¢ 142 +2.5°
R. kid 38.8+2.5° 27.9+3.8° 15.8+2.9° 20.0 +2.5°° 26.7+2.9° 9.2+2.5°
R. mother = 2.9+0.8° 3.8+17° = 1.7+0.8° 12.9+3.3?
R. total 43.8+2.5%° 51.7+3.3° 53.8+2.5° 37.1+3.3° 40.8+4.2° 36.3+4.2°

Resting and active behaviours alone, with mother or with other social companion in number of total observations (07.00-19.00 h) in three different treatments; SEP (separated from day 5),
DAY-SEP (separated daytime between 7:30 and 15:00), and NON-SEP (kept with mother 24 h). Values are presented as means + sem. Different superscript letters between treatments and

ages within a row differ at P < 0.05.

Table 2. Milk yield and composition in goats separated from their kids (DAY-SEP) or kept together with their kids for 24 h (NON-SEP)

Goat M.Y (g) M.Y range (g) Fat (%) Protein (%) Lactose (%) Casein (%) Ch.Y (%)?

DAY-SEP
1 3289 +217 2942-4342 4.8+0.2 3.2+0.0 4.9+0.0 2.0+0.1 7.0
3 1943 +118 1562-2724 52+0.2 3.3+0.1 44+0.1 2.0+£0.0 7.3
5 2488 +153 1792-3306 45+0.3 2.7+0.3 4.7+0.1 2.0+0.0 6.6
9 1854 +130 1360-2378 52+0.2 3.0+0.1 5.0%0.1 2.1+0.0 7.5
Total 2415+119 1360-4343 4.9+0.1 3.2+0.0 4.8+0.0 2.0+0.0 7.0

NON-SEP
2 1927 £ 107 1456-2402 4.7+0.2 3.1%0.1 5.0+0.0 2.0+0.0 6.8
4 2246 +131 1689-3140 43+13 3.1+0.1 4.7+0.0 2.0+0.1 6.4
7 2886 + 85 2403-3242 4.2+0.2 29%0.0 4.8+0.1 2.0+0.0 6.3
8 2005 + 125 1742-2416 46+0.2 3.1+£0.0 48+0.1 2.2+0.0 7.0
10 2365 + 156 1571-3454 4.1+0.2 3.0£0.0 45+0.1 2.0+0.0 6.2
12 1188 +81 972-1813 44+0.2 3.2%0.1 4.6+0.0 25+0.1 7.1
Total 2115+81 972-3454 44+0.1 3.1+0.0 4.7+0.0 2.1+0.0 6.6

Values on milk yield (M Y) are presented as both means +sem and range. Values from milk composition are presented as means + sem.

?Cheese Yield (Ch Y) -solids was calculated according to (Vacca et al., 2018).

Braadstad, 1996; Bergamasco et al., 2005; Miranda de la Lama and
Mattiello, 2010; Winblad von Walter et al., 2010). Goats are usu-
ally considered to be hiders during the first weeks after parturition
(O’Brien, 1984; Lickliter, 1984a, 1984b), and it has also been
shown that this behaviour continues up to 6 weeks of age
(McDougall, 1975). Field studies shows that nanny goats only
visit and nurse their kids a few times per day early in lactation
(O’Brien, 1984). In intensive management conditions, frequencies
of nursing appear higher than those reported in feral goats
(Delgadillo et al., 1997), possibly because of confinement and
reduced opportunity for the mother to move away. In the present
study, kids that had full goat—kid contact showed more hiding
behaviour at two weeks compared to the other treatments. In add-
ition, the home pen behaviour showed that the more time the kids
had access to their mother the more time they spent with them.

At two weeks of age, kids with part time goat-kid contact spent
24% of the 4.5h available time with her, while kids with full
time contact spent 15.5%. SEP kids on the other hand spent
more time close to another kid than kids in the other treatments
did. After the hiding period, the kid initiates contact and seeks the
mother when it wishes to suckle (Lickliter, 1984b). At that time it
also starts to form social groups with other kids (Lickliter, 1987;
O’Brien, 1988). In the present study, SEP kids were more active
with other kids already at two weeks of age. At two months the
kids with full time goat-kid contact spent 28% with their mothers
and corresponding time for kids with partial goat-kid contact was
24% when the mother was available.

Rearing system did not affect the distribution of total time
spent resting or being active at either age. However, when the
kids were older they spent more time being active than when
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Fig. 1. Milk fat concentration from both udder halves in DAY-SEP left (L) and right (R) and from NON-SEP goats in the milked (M) and suckled (S) teats. The dams
were machine milked twice daily (morning and afternoon) during 70 d. The DAY-SEP kids had free access to suckle both teats while NON-SEP kids only were allowed
to suckle one teat as the other was covered with a bra suspended in harness to prevent suckling. The results are presented in means + sem. Different superscript
letters within treatment differ significantly and the significance level was set at P <0.05.

they were younger, which is in accordance with Lickliter (1987)
who found that time spent lying declined after 4 weeks of age.
We have previously reported results of isolation tests in the
same kids at two weeks and two months of age and also an
arena test at two months (Winblad et al,, 2021). Artificially reared
(SEP) deviated most from the other treatments in the isolation
test at two weeks, by reducing their vocalization earlier and having
a higher heart rate before and after the sound of a dog bark, and at
two months, by having a higher heart rate throughout the test. On
the other hand, DAY-SEP kids bleated comparatively more at two
weeks, and showed a clear decrease in heart rate after the sound of
a dog barking at two months. DAY-SEP-kids showed the stron-
gest fear reaction in the arena test, performed at two months of
age, showing increased escape behaviour before ‘startle’, and by
a clear decrease in heart rate and greater passivity after the intro-
duction of a novel object (Winblad et al., 2021).

An early separation between kids and their mothers is consid-
ered to be a stressful event, which often leads to reduced growth
rates and weight loss (Miranda de la Lama and Mattiello, 2010).
In the present study, the growth rate was high and similar overall
in all treatments, indicating that the nutritional supply was not a
limiting factor, regardless of access to the mother. However,
DAY-SEP kids had larger variation in the weekly weight gain
compared to the other kids. This might be caused by a higher
stress since they were separated daily and might, therefore, have
a more irregular suckling or eating pattern. However, they seemed
to compensate the feed intake since they increased their body-
weight the following week. That SEP kids were fed goat milk
from the herd could be one explanation for high growth rate in
this treatment since Perez et al. (2001) demonstrated that kids
reared on goat milk had higher average daily weight gain than
kids fed with both goat and cow milk replacers. In contrast, two
studies by Delgado-Pertinez et al. (2009a, 2009b) show that natur-
ally reared kids of the Florida breed and Payoya breed had similar
growth rate as artificially reared kids. Kids in the DAY-SEP system
may have compensated their milk intake during the 16h they
spent together with their mothers. This is in agreement with
Hogberg et al. (2016) where daily separated kids compensated
their milk intake equal even if they were separated for 8h or
16 h.

The predetermined group division led to a skewed gender dis-
tribution between treatments, as it resulted in primarily keeping
the female kids with their mothers, therefore, gender effects are
not presented or discussed.

Our study confirms that it is possible to maintain marketable
milk yield during 70 d in Swedish dairy goats kept together with
one kid. The daily milk yield in Swedish dairy herds has been esti-
mated to be 2.8 L per day (Brandt, 2009). The goats in this study
had lower milk yield in comparison (2.4 kg in DAY-SEP and 2.1
kg/d in NON-SEP). The theoretical cheese yield measured as per-
centage solids (Vacca et al., 2018) was higher than commonly
seen in Swedish goats where there is a need for about 10kg
milk to produce 1kg of semi-hard cheese. The calculated corre-
sponding value for DAY-SEP was 7.1 kg and from NON-SEP
7.5 kg milk, respectively. However, the goats in this study pro-
duced more milk in comparison to other goat breeds kept
together with their kids. For example, the daily production of
marketable milk for Payoya dairy goats was 2.01 during the suck-
ling period and 2.11 after weaning (Delgado-Pertinez et al.,
2009b). Florida dairy goats kept with their kids yielded 1 I market-
able milk (Delgado-Pertinez et al., 2009a). This suggests that
suckling can stimulate milk synthesis and thereby maintain
milk for human consumption, which is somewhat contrary to
common belief, a belief that constitutes motivation for early sep-
aration in the dairy industry (Balasse, 2003; Delgado-Pertinez
et al., 2009a, 2009b). We have recently shown that keeping goat
and kid together results in better udder emptying and higher
fat concentration, resulting in a maintained curd yield (Hogberg
et al, 2016). Even when the dams were kept together with one
kid for 24 h, some individuals yielded 3-4 kg milk daily, contain-
ing a fat concentration of 4-5%. That is unusual in the Swedish
breed since they normally have a fat concentration around 3.0-
3.4% (unpublished results: we did not include mothers kept
apart from their kids in the current analyses). One could hypothe-
size that more frequent mammary gland stimulation or emptying
could increase local synthesis of milk fat within the mammary
gland, although we are not aware of any specific evidence on
this point, and our own observation of reversed fat content differ-
ential at morning and afternoon milking demonstrates the com-
plexity of this relationship.

Delgado-Pertinez et al. (2009a) demonstrated that dams kept
with their kids for 18-20 h daily, had higher milk production dur-
ing the entire lactation (210 d) than dams that were only milked
(no kids). In contrast, Peris et al. (1997) found no difference in
milk production between naturally suckled dams (separated
from their kids for 6h in daytime) and dams milked only. In
the present study, the individual variation in milk yield was
high. Therefore, an alternative to daily separations is to only
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choose high producing goats and let them go together with their
kids 24 h. The goats and kids used in this study were probably
affected by the daily separation even though they were habituated
to the procedure. Both dams and kids seem to be restless and they
bleated, especially when the door between the dams’ and kids’
rooms was opened (personal observations). Keeping them
together for 24 h constitutes good conditions for high milk pro-
duction, improved animal welfare and reduced workload for the
farmer. Another factor that might be important when goats are
reared together with their kids is when the adaptation to milking
occurs. The successful results in this study (both high fat content
and high milk yield) could also be due to the goats being condi-
tioned to machine milking in an early stage of lactation. Hogberg
(2016) showed that when adaption to machine milking occurs in
a later stage of lactation, the milk ejection reflex became inhibited
and only cisternal milk was available for milking (Hogberg et al.,
2014). This might not always be the case but may be an important
factor when keeping dams and kids together in the dairy
production.

Another scenario that might occur when adoption to milking
occurs later can result in reduced milk synthesis in one of the
udder halves. High yielding dams often produce more milk
than one kid can empty and the kids might therefore prefer to
suckle one teat only (unpublished results). Less frequent udder
emptying regresses milk yield and production (Knight and
Wilde, 1993) and the unsuckled teat will finally get dry.

Contradictory to Stelwagen (2001), our results showed that
there was no difference in milk fat concentration between the
milked and suckled teat in total, even if the milk volume was
higher in the milked teat compared with the suckled teat. This
indicates that the effects seen on milk synthesis were rather cen-
trally regulated by hormones (oxytocin, prolactin) than due to
local mechanisms in the udder half. Removal of milk from the
mammary gland is critical for eliciting changes in local factors
that are limiting to milk production. In addition, local regulatory
mechanisms influence the response of the mammary gland to
hormones in the circulation (Wall and McFadden, 2012).

Comparing the milk yield and composition in teats that were
either milked or suckled, the milk yield was, as expected, higher
in the milked teat. However, there were great individual differ-
ences between animals in fat concentration. An interesting obser-
vation was that the fat concentration was often higher in the teat
with higher amounts of milk. This was seen repeatedly in both
NON-SEP and DAY-SEP goats.

In total (both morning and afternoon milkings), there was no
difference in milk fat concentration between the suckled and
milked teats or in the left or right teats. This might be explained
by the fact that the Swedish landrace goats are able to store large
amount of fat rich alveolar milk in their large cisterns once ejected
by suckling.

The results showed that the casein number (% of total protein)
was lower on day 36 compared with later stages in both
DAY-SEP and NON-SEP goats. This is in agreement with earlier
findings that have shown that the casein number is lower in the
beginning of lactation (day 14, 64%) compared to later stages
(74%; Hogberg, 2016). The low casein number in the beginning
of lactation can be explained from a physiological perspective by
the casein and whey levels changing as lactation progresses to
meet the nutritional needs of the offspring. The whey fraction con-
sists of B-lactoglobulin, a-lactalbumin, serum-albumins and immu-
noglobulins (Walstra ef al., 1999), of which the latter play a very
important role in immunological defence for the offspring. When
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the protein consists of a high whey fraction (low casein) in the
beginning of lactation it might also explain why it is more compli-
cated to produce cheese during that time. This problem is com-
monly known among goat cheese producers in Sweden.

In conclusion, kids managed either with or without access to
their mothers had similar growth rates, but an altered behaviour,
with less hiding behaviour, was seen in early separated kids. Kids
that had access to their mothers spent considerable time with
them which shows that if they can choose, they choose to be with
their mothers. This most likely affected the welfare of both the
kids and the goats. The results also show that it is possible to
maintain a high milk yield with one kid present and that the milk
composition is positively affected by keeping goats and kids
together.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/50022029921000789.
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