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Abstract

In dairy goats, the kid rearing system can have critical importance in financial
returns. Commonly used criteria for the choice of rearing system are not always
clear due to the high number of factors involved. The aim of this study was to
quantify all those factors to facilitate decision making. So, the effect of two
different kid rearing systems, mixed (MRS) and artificial (ARS), on milk yield, milk
composition and somatic cell count (SCC), milk yield loss at weaning for MRS,
kid growth and costs of the different traits on the financial returns in Murciano-
Granadina breed goats was studied. Twenty-four goats per group were used. In
the MRS, goats reared only one kid, which had free access to goat milk 24 h a
day and were weaned at week 6 of lactation, whereas kids in the ARS were
separated from their mothers at kidding and colostrum and artificially reared. In
both systems, dams were machine-milked once a day throughout lactation and
the records took place weekly. Potential milk yield was estimated according to
the oxytocin method up to week 12 of lactation, and was similar for both rearing
systems, although a 12.3 per cent drop in potential milk yield at weaning was
observed for MRS. During the first 6 weeks of lactation, marketable milk was
lower for dams in MRS compared to those in ARS (72.1 versus 113.0 1), but
similar for the rest of the experiment (101.5 versus 99.4 |, respectively). Actual
milk composition and SCC throughout the 12 weeks of lactation were unaffected
by the rearing system. Artificial rearing system entailed an increment in
production cost of 22.2 € per kid compared to the rearing by MRS. A similar
economic return per goat and kid was obtained from ARS and MRS in this
experiment, although, due to one herd’s prolificacy of 1.8, the actual results would

be 16.2 € per goat in favour of MRS. The real interest of this experiment may be
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the possibility of extrapolation to different flocks with diverse levels of milk
production, prolificacy and prices and costs for incomes and outputs, to estimate
the production system that increases returns. In conclusion, the results showed
an increase in the cost of € 22.2 per kid bred in the artificial rearing system,
compared to the mixed rearing system, and a final return of 16.2 € per goat in

favour of the mixed system.

Keywords: Rearing, inputs, outputs, financial returns, goats

Implications

The implications of this paper are economic, as the viability of goat dairy farms
can be affected by the type of rearing system used. The factors involved are those
linked to the effect of the rearing system on the average milk production level of
the goats, the degree of milk production drop at weaning of the does that raise
their kids, the prolificacy of the herd, the labour required and the cost and price
of the different affected inputs and outputs. This work quantifies all these factors,
allowing us to determine the most appropriate lactation rearing system for each

farm and thus improve its returns.

Introduction

The mixed rearing system (MRS), which involves a suckling and milking period
post partum and usually once-a-day milking (Gargoury et al., 1993), and the
artificial rearing system (ARS), with exclusive milking from parturition (McKusick
et al., 2001), are two customary systems for the production of ewe and goat milk

in Spain (Peris et al., 1997; Delgado-Pertifiez et al., 2009a and 2009b). It is
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commonly accepted that, in the former, lamb suckling significantly increases (29-
42%) the ewe’s milk yield, compared with the milk yield obtained by ARS (Louca,
1972; McKusick et al., 2002), and that milk production drops by approximately 17
to 40% after weaning (Labussiéere, 1988; McKusick et al., 2002). So, a low milk
drop at weaning could maintain the MRS lactation curve above the one
corresponding to the ARS for the rest of the lactation. In goats, while Peris et al.
(1997) and Keskin (2002) found no differences in milk yield throughout lactation
between both management systems, Delgado-Pertifiez et al. (2009a and 2009b)
obtained a higher (24-32%) milk production up to weaning and Delgado-Pertifiez
et al. (2009b) a higher (17 %) milk production from weaning to the end of lactation
for MRS compared to ARS. On the other hand, for both sheep and goats in the
ARS, extra milk marketed from one mother during suckling period must
compensate for the potential higher costs in this period, which would be increased
by a greater prolificacy. So, some of the most important factors that determine
the economic interest of the production system depend on the average level of
milk yield of the flock/herd, the possible effect of the newborn suckling on the milk
yield, the level of milk yield drop at weaning and the prolificacy. It is hypothesised
that the weaning system affects potential economic returns on dairy goat flocks,
as the MRS could increase the milk yield and the amount sold after weaning,
while the ARS, although presumably it will incur higher costs during suckling
period, could also enable a higher amount of marketable milk during this period.
Therefore, the objectives of the present study were: 1) to evaluate the possible
effect of rearing one kid by MRS versus ARS on lactation curve and milk

composition; 2) to evaluate the milk drop that occurs at weaning in the MRS
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system; and 3) to estimate the relative impact of MRS and ARS on economic

returns in a herd of Murciano-Granadina breed goats.

Materials and Methods

Goats and General Procedures

Forty-eight multiparous (3 £ 0.4) Murciano-Granadina breed goats (45 = 2 kQ)
were used at the experimental farm of the Universitat Politécnica de Valéncia
(Spain). Mating was synchronised by intravaginal sponges (30 mg fluorogestone
acetate) and 450 PMSG International Units (IU; Chrono-gest, CEVA Salud
Animal, Spain) were injected, so that all births took place over a 14 day period.
At parturition, goats were assigned randomly to an MRS (n = 24 goats), similar to
that of Gargouri et al. (1993), or to an ARS (n = 24 goats), similar to McKusick et
al. (2001), and with the same level of prolificacy in each group. In the MRS, each
goat suckled one kid for 24 hours a day and was subjected to once-a-day milking
(0800 h) for the entire lactation period studied (0-12 weeks post partum) and kids
were weaned at 6 week of lactation. In the ARS, kids were separated from their
dams at kidding and colostrum and artificially reared in straw-bedded pens (size
= 0.3 m?/kid; two bowl water troughs) from birth and goats were also milked once
a day until 12 week of lactation. Kids were trained to suckle from a teat connected
to a unit for feeding liquid diets (LAC-TEC, France). A commercial kid milk
replacer (Nantamilk corderos y cabritos, NANTA, Spain) was given, reconstituted
at 180 g milk replacer per litre of water, continuously mixed (half a litre each time)
and offered ad libitum on a 24 h basis. Gross energy of reconstituted milk replacer
and average potential goat milk at the suckling period (3.8 and 3.85 MJII,

respectively) were analysed using an isoperibolic calorimeter (AC-500, LECO
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Instruments, USA). Water was supplied ad libitum to kids. All adult goats received
the same mixed feed ration twice daily (0900 h and 1800 h), although both
experimental groups remained separated until the kids were weaned, whereupon
all goats were kept together in the same pen (size = 1.5 m?/goat; feeder = 0.5
m/goat; five bowl water troughs). The ration was formulated according to Sauvant
et al. (2007) and consisted of: 1) a basal diet to meet minimum recommendations
for maintenance plus 1.0 | milk/day (8.71 MJ net energy; 99 g metabolisable
protein; 8.7 g Ca; 4.9 g P) including alfalfa hay (30% as DM), barley straw (26%),
beetroot pulp (18%), orange pulp (26%), and 2) a commercial concentrate for
dairy goats (6.78 MJ net energy, 135 g metabolisable protein, 9 g Caand 4 g P
per kg of DM) to meet a total average milk yield of 3.3 and 2.6 | milk per goat per
day, at different stages of the lactation curve. Rations were offered to the dams
in an amount 10% higher than the calculated voluntary feed intake. Throughout
the experimental period, in the MRS pens, feeders were arranged so that the kids
had no access to the feed provided to the dams, and therefore the only source of
nutrients available to the kids was maternal milk. A high line Casse type milking
parlour (two platforms; 12 ewes per platform; six milking units) was used,;
machine milking parameters were set to: vacuum = 40 kilopascals, pulsator rate
= 90 cycles per minute and pulsator ratio = 66%. Does were machine-milked
without any udder preparation and using the following routine: machine milking
(MM), machine stripping (MS) and post-milking teat-dipping (Proactive Plus.
0.15% iodine, 4% glycerine, and 4% sorbitol-based emollient, DeLaval, Spain).
Machine stripping involved a vigorous udder massage for 15-20 seconds just
before the teatcups were removed. The terms pre- and post-weaning were used

to describe the stages of lactation: days 1 to 42 and 43 to 84, respectively. Milk
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production and composition for the stages of lactation were calculated based on
weekly testing. Kids were weighed at birth and weekly thereafter until weaning
from their dams (MRS kids) or from the milk replacer (ARS kids), and adjusted
42 day weights were calculated.

Experimental Data and Sample Collection

Marketable milk yield was recorded once a week at 0800 h on Tuesday. Separate
measurements were recorded of the milk obtained by unassisted milking (MM)
and MS. Immediately afterwards, potential milk yield was determined according
to the double oxytocin injection method (McCance, 1959; Doney et al., 1979).
Goats were injected twice with 3 IU of oxytocin (Hormonipra; Laboratorios Hipra,
Spain) into the jugular vein, with a 4 h time interval between injections. After the
first injection, the udder was emptied by machine to obtain residual milk and the
milk volume obtained after the second injection was multiplied by a number in
proportion to the exact time interval between milkings, to obtain 24 hour
production (potential milk; Doney et al., 1979). Samples (50 ml) of marketable
(MM + MS) milk were collected and immediately analysed for milk composition
and somatic cell count (SCC). Milk composition (fat and protein) was analysed
with an infrared analyser (Milkoscan FT6000; Foss Iberia, Spain) and SCC was
determined by the fluoro-opto-electronic method (ISO, 2008; Fossomatic 5000,
Foss Iberia, Spain). Instruments were calibrated with milk standards for more
reliable and accurate analyses. Milk yield was expressed as fat corrected milk
(FCM) at 3.5% fat milk using the equation proposed by Sauvant et al. (2007) for
goats [FCM yield = milk yield x (1 + (0.0075 x g/l fat — 35/0.4))]. On record days,
the kids suckled until the time of daily milking (0800 h) and after 1600 h.

Attributable costs
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For economic comparisons of the rearing systems, calculations were based on
the production of one goat and her only kid, taking into account only differential
costs between systems. The average price received for commercial milk and for
live kid marketed at 42 day of age was 0.85 €/| and 6 €/kg live weight,
respectively. For the calculation of the labour occupation during rearing period,
the times used by the workers in the specific tasks were noted every day, and the
total time dedicated to each one was divided among the corresponding number
of kids. The extra expenses for the MRS goats compared to ARS goats included
extra labour to separate kids from the dams once per day for 42 days (7.9 min/day
per group at 9.0 €/h) and extra feeding to maintain the same body condition
(230.9 versus 218.0 = 12.9 I). The extra expenses for the ARS kids compared to
the MRS kids included milk replacer (9.5 kg/kid at 2.51 €/kg), labour for kid
assistance and machine handling, maintenance, machine depreciation and
supplies (electricity, water). The kids consumed only milk (natural or artificial,
according to the group).

Statistical analysis of results
Separately for each rearing system (ARS or MRS), the evolution of milk produced
per goat on the record days was statistically analysed with a repeated measures
model that included the fixed effects of milk evaluation type (marketable or
potential), week of lactation and their interaction, the random effect of animal and
residual error. When an interaction was non-significant (P > 0.05), the
corresponding interaction term was pooled with the error. These models were
analysed by a mixed model (MIXED procedure; SAS, 2011). The total marketable
and total potential milk yield produced, as well as the average milk composition

and SCC belonging to the pre-weaning, post-weaning and global lactation, were
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analysed statistically using a model (model two) that included the fixed effect of
rearing system and residual error. The SCC logarithm (SCClog) was used to
normalise SCC distribution (Ali and Shook, 1980). Kid growth and weaning weight
were analysed with a model (model three) that included the fixed effect of rearing
system and birth weight as covariant. The GLM procedure (SAS, 2011) was used
with models two and three. For all models, separation of the means for the
determination of a significant (P < 0.05) main effect was performed using pairwise

contrasts (PDIFF option from SAS, 2011).

Results

Lactation pattern, milk yield and composition

Figure 1 shows least square means of daily milk yield evolution for goats under
MRS (n = 24) and ARS (n = 24). Four curves corresponding to MRS potential
milk, MRS actual milk, ARS potential milk and ARS actual milk are described. For
ARS, there were no significant effects of type of milk evaluation or interaction
between the milk evaluation type and week of lactation (P = 0.9921).

For MRS, interaction (type of milk evaluation*week of lactation) was significant
(P < 0.001), as significant differences were found between actual and potential
milk for all weeks from the pre-weaning period (P < 0.001), but only for the first
week post-weaning (P = 0.041). A drop of 367 ml (12.3%) and 148 ml (5.5%)
was observed in potential milk yield between weeks 6 and 7 for MRS and ARS,
respectively. When all the lactation was taken as a whole (Table 1), differences
in total potential milk yield between systems were non-significant (P = 0.096).
Likewise, neither differences for total potential milk yield (P = 0.081) during the

pre-weaning term, nor over the post-weaning period (P = 0.345), were found
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between systems. Significantly (P < 0.001) more marketable milk is produced
when kids are artificially reared from kidding than when suckling (weeks 0-6).
However, after weaning no significant differences were observed (P = 0.577) for
marketable milk between ARS and MRS (weeks 7-12). Milk composition (fat,
protein) and SCClog in milk were similar for dams in MRS and ARS for all weeks
of lactation (Table 1).

Insert Figure 1 and Table 1

Kid growth

One kid per system died during the trial. Table 2 shows the kid’'s average daily
weight gain and live weight at 42 day depending on the rearing system. Rearing
system affected significantly (P = 0.035) live weight at 42 day but not average
daily gain (P = 0.113). Taking into account that, during rearing phase, potential
milk overestimates 3.3% of actual milk for ARS, the real milk production for MRS
goats would be 3.3% less than 125.6 | (121.46 I) during this phase. Thus, the
difference between potential and marketable milk until weaning for MRS (49.3 |)
indicates that each kid suckled an average of 1.17 l/day, while the average
consumption of kids from ARS was 1.24 l/day. So, during the rearing period,
estimated average total gross energy per kid was 189.2 and 197.9 MJ for MRS

and ARS, respectively.

Insert Table 2
Economic analyses
A total of 6.5 and 28.7 € of differential costs (Table 3) during the 6 weeks post-

kidding, and a total income of 204.4 and 228.2 € (Table 4) were computed for

10
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MRS and ARS, respectively. So, economic returns of 197.9 and 199.5 € were

obtained for MRS and ARS, respectively.

Insert Table 3 and Table 4

Discussion

The milk yield finding agrees with the figures reported by Peris et al. (1997), but
disagrees with Delgado-Pertifiez et al. (2009a and 2009b), who found differences
between MRS and ARS for any lactation period. The different results observed
could be due to the fact that, for Delgado-Pertifiez et al. (2009a and 2009b), the
goats under MRS increased their potential milk production by 24% and 32%,
respectively, compared to the goats under ARS, while that increase was much
lower for Peris et al. (1997) (1.1%) and for this work (7.4%), and that the two
milkings per day after weaning allowed goats under MRS to maintain an
advantage of 17% in milk production over ARS from weaning to the end of
lactation.”

The fact that in this experiment kid suckling did not significantly increase potential
milk yield compared to an ARS management also contrasts with what usually
happens in ewes according to Labussiere et al. (1974) and McKusick et al.
(2002), who demonstrated the importance of a low milk yield drop at weaning that
would allow them to maintain a higher lactation curve pattern throughout the rest
of lactation and so improve economic returns for the MRS. After weaning, MRS
marketable and potential milk yield were different only for the first week (week 7;
Figure 1), which seems to show a certain inhibition of milk reflection reflex and a

significant retention of milk in the udder at weaning, as found by Marnet and

11
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Negrao (2000) and McKausick et al. (2001) in ewes. Milk retention may slow down
cell secretion activity by the accumulation of autocrine regulators of milk
secretion, such as feedback inhibitor of lactation (Rennison et al., 1993; Peaker
and Wilde, 1996). On the other hand, Stull et al. (2007) proposed that serotonin
alters barrier function and dissipates the transepithelial gradients necessary for
milk secretion, thus acting as an inhibitor. On the contrary, Silanikove et al. (2006)
and Silanikove et al. (2010) proposed that a lower milk volume in upper parts of
the udder dilute the content of B-CN f(1-28), which in turn reduces the inhibition
of fluid secretion. All these explanations indicate that milk retention in the upper
parts of the udder entails, among other things, a lower milk secretion at weaning,
as occurred in ewes.

Our observation regarding the similar milk fat composition during pre- weaning
period for MRS and ARS does not agree with those reported by Eik et al. (1999)
in goats or by Gargouri et al. (1993) and Requena et al. (2010) in ewes, who
found a lower commercial milk fat content for MRS during the partial suckling
period. This difference may be due to the management performed, as in this
experiment the kids stayed with their mothers until milking time, while in the other
cases they were separated some hours before going up to the milking parlour.
Requena et al. (1999) showed that the low fat milk obtained during early lactation
from ewes under MRS could be one of the major concerns for cheese-processing
facilities.

Average birth weight (2.43 kg) was similar to the results of Pérez-Baena et al.
(2013) and lower than those of Sanz (2005) for the same breed (2.46 kg and 2.7
kg, respectively). In terms of average daily gain, Sanz (2005) found significant

differences between systems (169 versus 118 g/day for MRS and ARS,

12
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respectively), and Pérez-Baena et al. (2013) also obtained higher values for MRS
compared to ARS (151 g/day versus 128 g/day, respectively), using the same
facilities as in this experiment but in a bucket rearing system. Growth essentially
depends on the ingested energy, and so the higher growth of MRS kids from this
experiment may be explained because although the estimated ingested gross
energy per kid was slightly higher for ARS, goat’s milk usually has higher
digestibility (Sanz et al., 1990), and the possible effect of growth promoters on
milk in goats, as well as what was observed in cattle by Baumrucker and Blum
(1993).

A similar economic return per goat and kid from ARS and MRS was obtained in
this experiment, as the extra commercial milk achieved using ARS and the price
applied more or less exactly compensated for the extra costs of artificial rearing
compared to MRS. However, as the herd's prolificacy is 1.8, the actual results
would be 16.2 € per goat in favour of MRS.

In conclusion, ARS entailed an increment of 22.2 € in rearing production cost of
kids compared to the MRS. A similar economic return per goat and kid was
obtained from ARS and MRS in this experiment, although, due to one herd’s
prolificacy of 1.8, the actual results would be 16.2 € per goat in favour of MRS.
Beyond the results in a given flock, the real interest of this experiment may be
the producer’s possibility of extrapolation to different levels of milk production,
prolificacy, and prices and costs for incomes and outputs, to estimate the weaning

system that increases returns in a specific situation.
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Housing and handling of the experimental animals followed the mandatory
principles for care and use of experimental animals in Spain (Real Decreto

53/2013, Boletin Oficial del Estado 34, 11370-11421).

References

Ali A and Shook GE 1980. An optimum transformation for somatic cell concentration in
milk. Journal of Dairy Science 63, 487-490.

Baumrucker CR and Blum JR 1993. Secretion of insulin-like growth factors in milk and
their effect on the neonate. Livestock Production Science 35, 49-72.

Delgado-Pertifiez M, Guzman-Guerrero JL, Mena Y, Castel JM, Gonzélez-Redondo P
and Caravaca FP 2009a. Influence of kid rearing system on milk yield, kid growth
and cost of Florida goats. Small Ruminant Research 81, 105-111.

Delgado-Pertifiez M, Guzman-Guerrero JL, Caravaca FP, Castel JM, Ruiz FA,
Gonzalez-Redondo P and Alcalde MJ 2009b. Effect of artificial vs. natural rearing
on milk yield, kid growth and cost in Payoya autochthonous dairy goats. Small
Ruminant Research 84, 108-115.

Doney J M, Peart JN, Smith WF and Louda F 1979 A consideration of the techniques for
estimation of milk yield by suckled sheep and a comparison of estimates obtained
by two methods in relation to the effect of breed, level of production and stage of
lactation. Journal of Agricultural Science 92, 123-132.

Eik LO, Eknoes M, Havrevoll @, Garmo T, Raats J and Adngy T 1999. Partial suckling
during the grazing period as a management tool for improving the annual
production patterns of goat’s milk in Norway. Proceedings of the Sixth international
symposium on milking of small ruminants, 26 september-1 October 1999, Athens,

Greece, pp. 263-266.

14



348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

Fernandez N, Balasch S, Pérez |, Rodriguez M and Peris C 2013. Milk yield estimation
during suckling using the double oxytocin injection and the double weighing-
suckling methods in dairy goats. Small Ruminant Research 112, 181-185.

Gargouri A, Caja G, Such X, Ferrett A, Casals R and Peris S 1993. Evaluation of a mixed
system of milking and suckling in Manchega dairy ewes. Proceedings of the 5
international symposium on the milking of small ruminants, 14-20 may 1993,
Budapest, Hungary, pp. 484-499.

Keskin M 2002. Effect of rearing systems on kid performance, lactation traits and
profitability of Shami (Damascus) goats. Journal of Applied Animal Research 22,
267-271.

Labussiere J 1988. Review of physiological and anatomical factors influencing the
milking ability of ewes and the organization of milking. Livestock Production
Science 18, 253-274.

Labussiére J, Combaud JF and Petrequin P 1974 Influence de la fréquence des traits et
des tétées sur la production laitiere des brebis Préalpes du Sud (Influence of trait
and suckling frequency on milk production of Préalpes du Sud ewes).
Annales Zootechnie 23, 445-457.

Louca A 1972. The effect of suckling regime on growth rate and lactation performance
of the Cyprus fat-tailed and Chios sheep. Animal Production 15, 53-59.

McCance J 1959. The determination of milk yield in the Merino ewe. Australian Journal
of Agricultural Research 10, 839-853.

Marnet PG and Negrdo JA 2000. The effect of a mixed-management system on the
release of oxytocin, prolactin, and cortisol in ewes during suckling and machine
milking. Reproduction Nutrition Development 40, 271-281.

McKusick BC, Thomas DL and Berger YM 2001. Effect of weaning system on
commercial milk production and lamb growth of East Friesian dairy sheep. Journal

of Dairy Science 84, 1660-1668.

15



375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402

McKusick BC, Thomas DL, Romero JE and Marnet PG 2002. Effect of weaning system
on milk composition and distribution of milk fat within the udder of East Friesian
dairy ewes. Journal of Dairy Science 85, 2521-2528.

Peaker M and Wilde CJ 1996. Feed back control milk secretion from milk. Journal
Mammary Gland Biology Neoplasia 1, 307-316.

Pérez-Baena |, Dorantes JA, Sanchez-Quinche A, Gutiérrez A, Fernandez N, Rodriguez
M, Gomez EA and Peris C 2013. Caracteristicas de crecimiento de cabritos
Murciano-Granadinos puros Yy procedentes del cruce con sementales
especializados céarnicos de la raza Boer (Growth characteristics of purebred
Murciano-Granadino kids and those from crossing with meat-specialised
Boer breed studs). Tierras caprino 6, 64-68.

Peris S, Caja G, Such X, Casals R, Ferret A and Torre C 1997. Influence of kid rearing
systems on milk composition and yield of Murciano-Granadina dairy goats. Journal
of Dairy Science 80, 3249-3255.

Rennison ME, Kerr MA, Addey CVP, Handel SE, Turner MD, Wilde CJ and Burgoyne
RD 1993. Inhibition of consecutive protein secretion from lactating mammary
epithelial cells by FIL (feedback inhibitor of lactation), a secreted milk protein.
Journal of Cell Science 106, 641-648.

Requena R, Balasch S, Peris C, Rodriguez M and Fernandez N 2010. Dose response
of lactating dairy ewes during suckling and milking to bovine somatotropin. Journal
of Animal Science 88, 3136-3144.

Requena R, Molina P, Fernandez N, Rodriguez M, Peris C and Torres A 1999. Changes
in milk and cheese composition throughout lactation in Manchega sheep.
Proceedings of the Sixth international symposium on milking of small ruminants,
26 september-1 october 1999, Athens, Greece, pp. 501-506.

Sanz B 2005. Tipo de alimentacién, modo de encalostrar y estacionalidad de la paridera
como factores condicionantes del crecimiento de los cabritos lechales de la raza
Murciano-Granadina (Type of feeding, colostrum administration method and

16



403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

425

426

427

428

seasonality of births as conditioning factors of kid growth in Murciano-
Granadina breed). Proceedings of the XXX Jornadas cientificas de la Sociedad
Espafiola de Ovinotecnia y Caprinotecnia, septiembre, Granada, Spain, pp. 236-
238.

Sanz MR, Hernandez-Clua OD, Naranjo JA, Gil F and Boza J 1990. Utilization of goat
milk vs. milk replacer for Granadina goat kids. Small Ruminant Research 3, 37-46.

SAS Institute 2011. SAS User’'s Guide: Statistics, Version 9.2 ed. SAS Inst. Inc., Cary,
NC.

Sauvant D, Giger-Reverdin S and Meschy F 2007. Alimentation des caprins (Goat
nutrition). In Alimentation des bovines, ovins et caprins, pp. 137-148. Ed. Quae,
Versallles, France.

Silanikove N, Leitner G, Merin CG and Prosser CG 2010. Recent advances in exploiting
goat’s milk: quality and production aspects. Small Ruminant Research 89, 110-
124.

Silanikove N, Merin CG and Leitner G 2006. Physiological role of indigenous milk
enzymes: an overview of an evolving picture. International Dairy Journal 16, 533-
545.

Stull MA, Pai VP, Vomachka AJ, Marshall AM, Jacob GA and Horseman ND 2007.
Mammary gland homeostasis employs serotonergic regulation of epithelial tight

junctions. Small Ruminant Research 104, 16708-16713.

17



429 Table 1. Least square means (+ SEM) for lactation traits of Murciano-Granadina goats

430  under mixed rearing system (MRS) or artificial rearing system (ARS)

Rearing system

Trait MRS ARS SEM P-value
(n=24) (n=24)
Potential milk yield, | per
goat and period
weeks 0-6 125.6 116.9 4.5 0.081
weeks 7-12 105.9 101.7 3.5 0.345
Total 230.9 218.0 7.5 0.096
Marketable milk yield, |
per goat and period
weeks 0-6 72.1 113.0 35 <0.001
weeks 7-12 101.5 99.4 3.2 0.577
Total 173.1 206.0 5.9 <0.001
Milk fat, g/kg
weeks 0-6 55.9 58.4 2.3 0.454
weeks 7-12 49.5 48.6 2.0 0.746
Milk protein, g/kg
weeks 0-6 33.2 35.0 11 0.278
weeks 7-12 32.8 34.4 1.2 0.369
SCC, log
weeks 0-6 5.88 5.77 0.10 0.363
weeks 7-12 5.57 5.64 0.09 0.335
431
432
433
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434
435

436 Table 2. Least square means (x SEM) for kid growth traits under mixed rearing system

437  (MRS) or artificial rearing system (ARS)

MRS ARS
Trait (n=23) (n=23) SEM P-value
Birth weight, kg 2.42 2.44 0.08 0.093
ADG!, g/day 169 153 15 0.113
42 day weight, kg 9.55 8.85 0.21 0.035

438 IADG = Average daily gain from birth to 42 days of age
439
440
441
442
443
444
445
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448
449
450
451
452
453
454
455
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Table 3. Time employed on the different tasks and differential costs per kid during rearing

phase (0-6 weeks) under mixed rearing system (MRS) or artificial rearing system (ARS)

Time (h/42 day) Differential costs (€)
Rearing Machine
system Kid?* handling? Feed?® Labour*  Others® Total
MRS 0.23 - 4.4 2.1 - 6.5
ARS 0.13 0.28 23.8 3.7 1.2 28.7

IKid assistance and separating kids from their mothers

2Milk replacer machine

3Milk replacer for ARS and the extra feeding to compensate extra milk production for
MRS

4Labour costs for kid assistance and machine handling

®Electricity, water, machine cleaning
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Table 4. Differential economic returns for mixed rearing system (MRS) and artificial

rearing system (ARS) with Murciano-Granadina goat breed

Rearing Differential Income (€) Economic
system costs! (€) Meat Milk Total return (€)
MRS 6.5 57.3 147.1 204.4 197.9
ARS 28.7 53.1 175.1 228.2 199.5

!Differential costs for the suckling period and the maintenance of goat body condition

score due to the higher total milk produced by the MRS.
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Figure 1. Least square means (x SEM) of daily milk yield evolution for Murciano-
Granadina goats under mixed rearing system (MRS= 24) and artificial rearing system
(ARS= 24). *** Indicates a significant difference (P < 0.001) for the whole pre-weaning
period, while * indicates a significant difference (P < 0.05) at 7th week between MRS

potential milk and MRS actual milk
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