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This study compared rumen development and blood metabolite concentrations of Criollo
kids under two different rearing systems. Forty goat kids were reared by their dams,
suckling goat milk from birth until weaning at 45 (TR, traditional rearing system, n¼20)
or 30 days of age (AR, alternative rearing system, n¼20). Goat kids in the AR group were
offered a solid starter diet ad libitum from birth until 45 days of age and a growing diet
(80% alfalfa hay and 20% ground corn) from 30 to 90 days of age. The TR group was fed a
growing diet (without starter diet) between 30 and 90 days of age. Blood samples were
analyzed for serum concentration of glucose, total protein, blood urea nitrogen (BUN),
obeta4-hydroxybutyrate (obeta4HB), and non-esterified fatty acids (NEFA). Five kids
from each group were slaughtered at 21, 45, 70 and 90 days of age to determine rumen
variables. AR kids consumed 32.7 % less goat milk than TR kids throughout the trial. Body
weight of AR kids at 45–60 days of age was lower than the traditional market weight.
Rumen weight (as % of body weight) was higher (Po0.01) in AR kids than in TR kids at 21
and 45 days of age. Furthermore, rumen weight (as % of weight of all compartments) was
higher in AR kids compared to TR kids at 21, 45 and 70 days of age. Rumen papillae of AR
kids tended (Po0.10) to be longer than those of TR kids at 21 and 45 days of age. Blood
glucose concentration decreased with increasing age of kids, indicating a shift from
glucose to short-chain fatty acids as primary energy source. Serum obeta4HB and BUN
concentrations at 30 and 45 days of age were higher (Po0.05) in AR kids than in TR kids.
The higher serum concentrations of BUN and obeta4HB were attributed to early
development of rumen microbial fermentation activity and to greater metabolic devel-
opment of the rumen epithelium of AR kids compared to TR kids. In conclusion, the
alternative rearing system improves the physical and metabolic development of the
rumen and promotes the transition of kids from pre-ruminant to ruminant. In dry periods
with shortage of forage, the alternative rearing system could be used, but these goat kids
should be reared above the traditional age to enable them to achieve an appropriate
weight for marketing.
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1. Introduction

The Criollo is the most common breed in Argentina
(MAGYP, 2010). These goats descend from breeds brought to
Argentina by Spaniards and Portuguese settlers from the
Canary Islands, and are genetically related to a wider popula-
tion distributed in the Andes region (Amills et al., 2009).

Goats are distributed in all regions and ecosystems, but
are more common in dry and arid environments (Devendra,
2010). In Argentina, as in other developing countries, most
goats are raised in extensive production systems on range-
lands, with little or no feed and mineral supplementation to
animals (Allegretti et al., 2012, Devendra, 2010). Under these
conditions, the nutritional status of goats, reproductive
performance and their milk and meat production are highly
dependent on annual forage availability. In these pastoral
systems, goat kids are reared suckling their mothers until
they are slaughtered, so the milk production of goats
determines the growth rate of kids (Paez Lama et al., 2013).
Therefore, in severe dry years with low forage availability,
not all kids reach appropriate weight and fatness for the
market (Guevara et al., 2006).

In cattle production systems, early weaning has tradi-
tionally been recommended to counteract shortages in
forage as a result of low rainfall (Galindo-Gonzalez et al.,
2007). However, early weaning is known to have undesir-
able consequences on growth rate, health and welfare of
animals (Morand-Fehr et al., 1982; Atasoglu et al., 2008). In
the first weeks of life, the goat kids rely on nutrients
obtained from their dam's milk, because the rumen is
physically and metabolically underdeveloped. Rumen
development is triggered by the ingestion of solid feed,
the establishment of a microbial flora and the accompany-
ing processes of rumen fermentation and absorption of
volatile fatty acids by ruminal epithelium (Baldwin et al.,
2004). A feeding strategy that promotes early rumen
development will reduce the lag between demand and
supply of nutrients after weaning, minimizing the decline
in the growth rate of animals (Khan et al., 2011).

For the above reasons, in extensive goat production
systems, it would be useful to develop alternative rearing
systems that allow the growing of goat kids and a rapid
recovering of body energy reserves of dams in years of
adverse weather conditions.

Although there are many studies on the effect of early
consumption of solid feed on rumen development, studies
on growth and rumen development of Criollo goat kids
under rearing systems different to the traditional were not
found. Furthermore, the development of alternative rear-
ing systems is important because these could be used in
several countries with goat breeds and production systems
similar to those of Argentina.

It was hypothesized that an alternative rearing system
with early supply of solid feed will promote rumen
development, allowing early weaning of goat kids without
major consequences on their post-weaning growth,
enabling them to achieve adequate marketing conditions.
The objective of this study was to assess body weight,
rumen development and blood metabolite concentrations
of Criollo goat kids reared under a traditional or an
alternative rearing system.
Please cite this article as: Paez Lama, S., et al., Rumen develo
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2. Materials and methods

2.1. Animals, management and treatments

All experimental procedures and animal care practices
were in agreement with the provisions of the Guide for
Care and Use of Agricultural Animals in Research and
Teaching (FASS, 2010). Forty single-born Criollo male kids
with their respective dams were selected from the goat
farm “La Majada” (321190390S, 671540360W). The kids were
assigned to two treatments (n¼20), balancing the groups
according to their birth body weight (BW, 2.9270.31 kg).
Goat kids were separated from their dams at 3 days of age
and were placed in individual pens (1.5�0.75 m2) bedded
with wood shavings. Thereafter, goat kids were allowed to
suckle milk from their respective dams for about 30 min
twice daily at 0730 and 1930 h until weaning either at 30
(AR, alternative rearing group) or 45 days of age (TR,
traditional rearing group). In addition, goat kids in the
AR group were offered a commercial starter diet ad libitum
from the beginning of trials until 45 days of age, and a
growing diet composed of alfalfa hay and ground corn (80
% and 20 % on dry matter basis, respectively) from 30 to 90
days of age. Goat kids in the TR group did not receive the
commercial starter diet but were offered the growing diet
between 30 and 90 days of age. Starter diet and growing
diet were provided twice daily at 0800 and 2000 h. All
goat kids were raised until 90 days of age to assess growth
rate and rumen development after weaning. All animals
were treated for internal and external parasites with
ivermectin (0.2 mg kg�1) and were vaccinated against
clostridial organisms. The adult goats were all in their
third to sixth birth, weighed 36.574.7 kg and had a body
condition score of 2.0370.21 (scale 1–5). During nursing
of kids, goats were fed 1 kg of alfalfa hay and 0.5 kg of
ground corn on dry matter basis. Clean drinking water and
mineral licks were always available ad libitum. The com-
position of mineral licks (in %, as specified by the manu-
facturer) was: Ca (3.12), P (0.33), Mg (2.53), S (0.17), Na
(9.35), K (0.24), Zn (0.25), Cu (0.15), Se (0.01), I (0.02), and
Mn (0.25). During the trial period the minimum, max-
imum and mean temperature registered at the pens was
14.0, 28.5 and 20.4 1C, respectively.
2.2. Sampling and analyses

The chemical composition of the kid starter diet and
growing diet was determined in the Laboratory of Nutri-
tion and Forage Quality Assessment, EEA INTA Balcarce,
and milk was analyzed in the Laboratory of Food Quality,
EEA INTA Salta (Table 1).

Goat kids were weighed at birth and body weight was
registered weekly thereafter. Milk intake was measured
twice a week by difference between the kid's body weight
before and after suckling. Kid starter diet and growing diet
intake were measured daily by difference between feed
offered and orts. Total dry matter intake (total DMI) was
calculated by adding the milk solids, kid starter diet and
growing diet. Body weight, milk, kid starter, growing diet
and total DMI were averaged every 15 days. Average daily
pment and blood metabolites of Criollo kids under two
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Table 1
Composition of diets (on DM basis) offered to kids during trials.

Composition (%) Goat milka Kid starter dietb Growing dietc

Dry matter 12.9 92.1 90.5
Crude protein 3.9 25.8 14.1
NDF 13.5 45.6
ADF 6.1 29.5
Ether extract 3.7 8.6 2.6
Ash 0.8 5.9 9.0
ME MJ/kgd 2.96 17.6 8.4

a Milk composition expressed per kg of fresh milk.
b Ruters, ACA.
c Composed by 80% alfalfa hay and 20% ground corn on a

DM basis.
d Metabolizable energy (ME) of milk was estimated according to the

equation: MJ/kg¼1.4694þ(0.4025�milk fat%) (Nsahlai et al.., 2004).
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gain (ADG) and feed efficiency (FE, intake/gain) were
calculated.

Blood samples were collected before the morning feeding
by jugular venipuncture at 15, 30, 45, 60 and 90 days of age,
and were analyzed for serum concentration of glucose
(glucose oxidase peroxidase enzymatic method, GT lab kit),
blood urea nitrogen (BUN, Berthelot colorimetric method, GT
lab kit), total protein (TP, Biuret colorimetric method, Wiener
lab kit), obeta4-hydroxybutyrate (obeta4HB, Ranbut kit,
Randox Laboratories Ltd.), and non-esterified fatty acids
(NEFA, FA 115 kit, Randox Laboratories Ltd.).

Five kids from each group were randomly selected and
slaughtered at 21, 45, 70 and 90 days of age after a 12 h
fasting with free access to water. The reticulo-rumen,
omasum and abomasum were dissected and individually
weighed with their content. Then they were emptied,
rinsed repeatedly with water, drained and reweighed.
Rumen tissue samples of approximately 1 cm2 were col-
lected from the ventral sac according to Lesmeister et al.
(2004). Rumen tissue samples were fixed in a solution of
10% formaldehyde for microscopic analysis. Slides were
observed under a light microscope (Arcano XSZ 100 BNT).
Digital images were obtained using a digital camera
(Moticam 352), and measurements were performed using
image analysis computer software (Motic image plus 2.0).
Papillae height was determined by measuring the distance
from the tip to the base of the papillae.

2.3. Statistical analysis

Data were statistically analyzed using the GLM proce-
dure of InfoStat statistical software (InfoStat, 2011).

Rumen measurements were analyzed according to the
following model:

Yijk ¼ μþRiþTjþRTijþЄijk

where Yijk is dependent variable, μ is overall mean, Ri is
fixed effect of rearing system, Tj is fixed effect of time, RTij
is treatment� time interaction effect, and Єijk is experi-
mental error. When not significant, the interaction was
excluded from the model.

Blood metabolites, body weight, average daily gain,
milk intake, kid starter, growing diet, total DM intake
Please cite this article as: Paez Lama, S., et al., Rumen develo
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and feed efficiency were analyzed with a repeated mea-
sures design according to the following model:

Yijk ¼ μþRiþTjþRTijþAkþЄijk

where Yijk is dependent variable, μ is overall mean, Ri is
fixed effect of rearing system, Tj is fixed effect of time, RTij
is treatment� time interaction effect, Ak is random kid
effect, and Єijk is experimental error. When not significant,
the interaction was excluded from the model.

The covariance structure for each variable analyzed was
chosen by comparing several models with different covar-
iance structures. The covariance structure yielding the
lowest AIC value (Akaike's Information Criterion) was
selected (Di Rienzo et al., 2011). When effects of treatment,
time or treatment� time interaction were significant,
differences between means were determined by Fisher's
LSD test. For all variables analyzed, significance was
declared at Po0.05 and tendencies at Po0.10.

3. Results

Body weight, milk intake, kid starter diet intake, grow-
ing diet intake, total DMI, ADG and feed efficiency are
shown in Table 2. During the first 30 days of age there was
no difference in average daily milk consumption between
groups of goat kids. The average goat milk production
during the nursing period was 1.1670.14 and
1.1570.17 kg of fresh milk per day, for AR and TR groups,
respectively. Average total milk consumption for the whole
suckling period (30 and 45 days in length for AR and TR,
respectively) was 4.5170.15 and 6.7070.20 kg DM per
kid for AR and TR groups, respectively. Starter diet intake
by AR kids was negligible during the first two weeks and
very low thereafter. As expected, starter diet intake
increased after weaning and was higher (Po0.001) than
the pre-weaning intake (Table 2). Solid feed intake (kid
starter plus growing diet) by AR kids increased (Po0.001)
after weaning. The same occurred with solid feed intake by
TR kids, in which post-weaning growing diet intake was
3.65 times greater than the pre-weaning intake. Total DMI
by AR kids was lower at 30–45 days (Po0.001), and higher
at 45–60 and 60–75 days of age (Po0.001) compared to
TR kids. After 75 days of age, there were no differences in
total DMI between groups. Total DMI after weaning was
similar (P40.05) for both groups (18.970.23 g per kg BW
for AR kids at 30–45 days and 18.770.59 g per kg BW for
TR kids at 45–60 days). Average daily gain of AR kids was
lower between 30 and 45 days of age (Po0.001) and
higher between 45 and 90 days of age (Po0.01) compared
to TR kids. The feed efficiency values of AR goat kids
between 30 and 45 days of age were negative and lower
(Po0.001) than those of TR goat kids, whereas between
75 and 90 days of age, feed efficiency was better (Po0.01)
in AR goat kids than in TR goat kids.

Body weight at 30–45, 45–60 and 60–75 days of age
was higher (Po0.001, Po0.001 and Po0.01, respectively)
in TR goat kids than in AR goat kids, while there were no
differences between groups at 1–15, 15–30 and 75–90 days
old (Table 2).

Empty rumen weight increased with age of kids
(Po0.001), with no differences between treatments
pment and blood metabolites of Criollo kids under two
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Table 2
Body weight, dry matter intake, average daily gain and feed efficiency according to rearing system and age of goat kids.

Age (d)
1–15 15–30 30–45 45–60 60–75 75–90

Rearing system TR AR TR AR TR AR TR AR TR AR TR AR s.e.m

Body weight (kg) 3.67 3.41 6.29 5.49 7.99a 5.57b 9.04a 6.41b 9.54a 8.13b 11.82 11.65 0.2
Milk intake, g DM day�1 150.1 148.7 144.5 151.7 149.3 – – – – – – – 4.5
Kid starter diet intake, g DM day�1 – – – 11.5 – 27.2 – – – – – – 1.5
Growing diet intake, g DM day�1 – – – – 46.4a 78.1b 169.4a 238.6b 279.4a 372.0b 468.2 474.4 5.7
Total DMI (g kg BW�1) 40.9 43.6 22.7 29.8 24.5a 18.9b 18.7a 37.2b 29.3a 45.7b 39.5 40.6 0.9
Average daily gain (g) 155.7 150.4 132.4 109.9 66.7a �63.9b 66.7a 110.4b 85.5a 122.3b 158.4a 218.6b 5.94
Feed efficiency 0.92 0.93 1.06 1.49 3.03a �1.81b 2.45 2.18 3.19 3.27 2.84a 1.74b 0.13

a bMeans with different superscripts in the same row and within same age group indicate statistical differences between treatments (Po0.05).
TR and AR; traditional and alternative rearing systems, respectively. s.e.m; standard error of the mean.
Feed efficiency (Total DMI intake/average daily gain, g/g).

Table 3
Rumen measurements of Criollo kids under traditional and alternative rearing systems.

Age (d)
21 45 70 90 Effecta

Rearing system TR AR TR AR TR AR TR AR s.e.m R T R� T

Empty rumen weight (g) 55.6 80.9 161.1 159.8 258.3 269.6 372.8 428.2 21.6 NS nnn NS
Rumen weight as % of weight of all compartments 55.5a 63.1b 61.0a 70.1b 73.5a 77.3b 73.2 74.2 1.3 nnn nnn NS
Rumen weight as % of BW 0.93a 1.47b 1.98a 3.36b 3.14 3.74 3.29 3.62 0.17 nnn nnn n

Papillae height (μm) 662 842 1376 1686 2058 2124 2726 2644 129 NS nnn NS

a bMeans with different superscripts in the same row and within same age group indicate statistical differences between treatments (Po0.05).
TR and AR; traditional and alternative rearing systems, respectively. s.e.m; standard error of the mean.
NS not significant.

a Effects were treatment (R, rearing system), time (T) and rearing system� time interaction (R� T).
n Pr0.05.
nnn Pr0.001.
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(Table 3). However, when empty rumen weight was
expressed as percentage of body weight, the rumen was
heavier in AR kids than in TR kids at 21 and 45 days of age
(Po0.01). Furthermore, rumen weight expressed as per-
centage of weight of all compartments was higher in AR
kids at 21, 45 and 70 days of age (Po0.01, Po0.05 and
Po0.001, respectively) compared to TR kids. Papillae
height increased with age of kids (Po0.001) but, contrary
to expectations, it was not affected by treatments. How-
ever, the papillae of AR kids tended to be longer than those
of TR kids at 21 and 45 days of age (P¼0.079, and
P¼0.088, respectively).

Blood glucose concentration decreased (Po0.001) with
increasing age of kids for both groups (Table 4). However,
no significant differences were found in serum glucose
concentration between kids from both groups throughout
the trial. Serum NEFA concentration was not affected by
treatment, although there was an effect of age of kids.
Blood obeta4HB concentration in AR kids was higher
than in TR kids at 30 and 45 days of age (Po0.05). There
were no differences between both groups at other ages.
Serum BUN concentration was affected (Po0.001) by age
of kids, and concentration of this metabolite in AR kids
was higher than in TR kids at 30 and 45 days of age
(Po0.01). The serum total protein concentration was
affected (Po0.001) by the age of the kids; at 45 days of
age the total protein concentration of AR kids was higher
Please cite this article as: Paez Lama, S., et al., Rumen develo
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(Po0.01) than that of TR kids, with no differences for the
remainder of the trial.

4. Discussion

Goat milk production was within the expected range
according to previous results obtained in Criollo goats
under similar rearing conditions (Paez et al., 2001). The
different lengths of the suckling period resulted in savings
of 32.7% of goat milk in the AR group. Many studies have
found an inverse relationship between intake of milk and
solid feed ingestion in calves (Terré et al., 2007;
Kosiorowska et al., 2011). In the present study, solid feed
intake increased in both groups after weaning, from
11.570.4 to 105.371.3 g DM per day for AR kids and
from 46.471.0 to 169.475.3 g DM per day for TR kids
(Table 2). However, this increase did not compensate for
the intake of total solids provided by goat milk, so total
DMI for both groups decreased after weaning. This drop in
total DMI after weaning was similar for both groups. Post-
weaning total DMI (expressed as percentage of body
weight) by AR and TR kids was equal to 1.85 % and 1.87
%, respectively. These percentages were lower than those
found in 84-day old lambs (2.75 %, calculated from
Baldwin et al. (2000)) and in 63-day old calves (2.50 %,
calculated from Khan et al. (2007)). This agrees with
Sanz Sampelayo et al. (1995), who argue that kid goats
pment and blood metabolites of Criollo kids under two
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Table 4
Concentrations of glucose, non-esterified fatty acids (NEFA), obeta4-hydroxybutyrate (obeta4HB), blood urea nitrogen (BUN) and total protein of
Criollo kids under traditional and alternative rearing systems.

Age (d)
15 30 45 60 90 Effectc

Rearing system TR AR TR AR TR AR TR AR TR AR s.e.m R T R� T

Glucose (mmol/L) 5.02 5.56 5.19 4.99 3.92 4.07 3.90 3.44 3.37 3.37 0.20 NS nnn NS
NEFA (mmol/L) 0.44 0.44 0.47 0.46 0.50 0.52 0.48 0.42 0.31 0.27 0.03 NS nnn NS
obeta4HB (mmol/L) 0.17 0.15 0.16a 0.36b 0.14a 0.27b 0.20 0.19 0.21 0.22 0.02 NS nnn NS
BUN (mmol/L) 9.55 12.71 8.43ª 14.43b 12.27ª 19.26b 17.22 17.18 18.08 16.67 0.66 nnn nnn nnn

Total protein (g/dL) 6.07 5.88 5.86 5.46 5.90a 6.74b 5.53 5.95 6.27 6.59 0.17 NS nnn nn

a bMeans with different superscripts in the same row and within same age group indicate statistical differences between treatments (Po0.05).
TR and AR; traditional and alternative rearing systems, respectively. s.e.m; standard error of the mean.
NS not significant.

c Effects were treatment (R, rearing system), time (T) and rearing system� time interaction (R� T).
nn Pr0.01.
nnn Pr0.001.
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have a low voluntary feed intake compared to other
ruminants.

Although AR kids doubled the solid feed intake of TR
kids at 30–45 days of age, they did not meet their daily
energy requirements according to NRC (2007). For this
reason AR goat kids lost 63.975.19 g of body weight per
day, between 30 and 45 days of age. This explains why
post-weaning feed efficiency of AR goat kids was negative
and why the body weight of AR goat kids was lower than
that of TR goat kids at 30–45 days of age. According to
Singh-Knights and Knights (2005), the weaning shock is
reduced if goat kids are weaned at 9 kg of body weight, 8
weeks of age or at the moment when the solid feed intake
reaches 30 g DM per day. None of these criteria were met
at weaning of AR group which explains the post-weaning
growth depression of these goat kids.

The sale weight of AR kids at 45–60 days of age was
lower than the traditional market weight of 8–14 kg
achieved with a traditional rearing system in Argentina
(Guevara et al., 2009), indicating that early weaned
kids could not be sold at the traditional age of marketing
in Argentina (between 45 and 60 days of age). However,
AR kids achieved a compensatory growth that enabled
them to reach a body weight similar to that of TR kids at
75–90 days of age. This compensatory growth was
attained due to the higher total DMI (between 45 and 75
days of age) and better feed efficiency (between 75 and 90
days of age), which led to the higher ADG observed
between 45 and 90 days of age in AR kids compared to
TR kids.

Rumen development is characterized by an increase in
organ weight and by the growth of the papillae (Baldwin
et al., 2004). The greater weight of the rumen (as % of BW)
in AR kids compared with TR kids is consistent with
previous findings in the sense that feed in the rumen
provides a physical stimulus to increase rumen weight
(Baldwin et al., 2004; Suarez et al., 2006; Khan et al., 2011).
Contrary to our expectations, differences in rumen weight
were observed as early as 21 days of age, when AR kids
had ingested a negligible amount of solid feed only during
the previous week. This indicates that after the beginning
of solid feed intake the rumen of kids undergoes a rapid
physical development. The heaviest rumen weights, as
Please cite this article as: Paez Lama, S., et al., Rumen develo
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percentage of BW, were recorded at 70 and 90 days of
age in AR and TR kids, respectively. These values are higher
than 2.80%, 2.65%, 2.45% and 2.23% reported for goats of
120, 145, 190 and 220 days of age, respectively (Jelínek,
1995; Mgasa et al., 1994). Rumen weight, relative to body
weight, reached its maximum around 40–45 days after
weaning. This coincides with Jelínek (1995), who states
that growth rate of rumen exceeds that of body weight
gain. This may be because there is a priority for developing
the organ responsible for absorbing the nutrients neces-
sary for the subsequent growth of the animal after wean-
ing. The highest rumen weight (as percentage of weight of
all compartments) was also observed at 70 days of age.
Taking into account that the weight of the rumen of an
adult ruminant represents about 80% of the weight of all
compartments (Lane and Jesse, 1997), at least the physical
development of the rumen of goat kids from both rearing
systems was reached at around 70 days of age.

The papillae were longer as kid aged. Other researchers
argue that the length of the papillae increases both with
animal age and with solid feed intake (Baldwin et al., 2004,
Amaral et al., 2005). The presence of only physical bulk
does not promote development of the papillae. For the
normal development of the ruminal epithelium, there
should be a viable ruminal fermentation producing
short-chain fatty acids in the rumen lumen to trigger the
growth of the papillae (Baldwin et al., 2004; Lesmeister
et al., 2004; Khan et al., 2011). Propionate and butyrate
have a greater stimulatory effect on the development of
the rumen papillae than does acetate (Suarez et al., 2006).
The fact that no significant differences were found in
papillae length between groups of goat kids could be
because the carbohydrate composition of the diet did not
produce enough ruminal concentrations of propionate and
butyrate (Suarez et al., 2006); thus the stimulus on the
papillae growth was not enough to achieve great differ-
ences between goat kid groups. Moreover, this could be
due to the low DMI of goat kids in both groups early in life.
However, in both rearing systems the length of the
papillae at 90 days of age was similar to that reported
for adult goats (Jelínek, 1995; Wang et al., 2009), indicating
that both groups of goat kids reached a normal develop-
ment of the rumen epithelium.
pment and blood metabolites of Criollo kids under two
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The decrease in blood glucose concentration as goat kid
aged indicates a shift in the primary energy source from
glucose to short-chain fatty acids. Blood NEFA concentra-
tion is closely related to the energy balance of goats, thus
when they are in negative energy balance lipolysis
increases, with a consequent increase in the serum NEFA
concentration (Dønnem et al., 2011). The highest serum
NEFA values were observed in AR kids at 45 days of age (15
days after weaning). This is due to the above-mentioned
pronounced drop in total DMI after weaning and to a high
nutritional transition stress in AR goat kids.

On the other hand, it is well known that there is a direct
relationship between nutritional status and serum concen-
tration of protein and albumin, whereby the levels of these
metabolites decrease when there is a protein or energy
malnutrition (Johnson et al., 1995). However, the effect of
malnutrition on the serum protein concentrations is closely
related to the duration of nutritional scarcity. Therefore, the
shortage has to last a long time before albumins and
globulins begin to be used as a protein source (Caldeira
et al., 2007). In the present study, the nutritional restriction
after weaning was not so long as to reduce the serum protein
concentration of AR kids. Instead, these kids had higher
values than TR kids at 45 days of age. Many studies have
demonstrated that under stressful stimuli such as weaning,
animals may respond by increasing blood levels of certain
acute phase proteins such as fibrinogen, haptoglobin, ceru-
loplasmin, α-acid glycoprotein and serum amyloid-A
(Arthington et al., 2003, 2005; Hickey et al., 2003; Lynch
et al., 2010). For instance, Blanco et al. (2009) found that after
weaning, the increase in fibrinogen concentrationwas higher
in early-weaned calves that in traditionally-weaned calves.
Furthermore, González et al. (2011)) reported that fasting
causes a significant increase in serum haptoglobin concen-
tration in goats. Therefore, the highest concentration of
serum proteins of AR kids is attributed to a higher post-
weaning stress and a higher production of acute phase
proteins by these kids compared to TR kids.

The blood urea nitrogen increases when there is a
greater ruminal degradation of protein with an increased
production of ammonia (Kanyinji et al., 2009). Although, in
periods of energy restriction, the shortfall in energy can
meet through the catabolism of body protein which also
results in increased concentration of urea (Brickell et al.,
2009). The highest concentration of serum BUN at 30 days
of age in AR goat kids is attributed to early development of
rumen microbial activity and better protein degradation,
because these animals had no dietary restrictions at this
time and consumed the same quantity of DM than TR goat
kids. However, at 45 days of age the highest concentration
of serum BUN could be due to both increased ruminal
activity and body protein catabolism, because in this
period the AR goat kids were losing body weight.

As stated by Baldwin et al. (2004), one of the most
defining characteristics of a fully developed and functional
rumen, in a fed, non-pregnant and non-lactating animal, is
the ruminal production of ketone bodies. However, in
adult ruminants the ketone bodies can be produced both
in the liver as in the ruminal epithelium (Baldwin et al.,
2004). During a negative energy balance the liver produces
ketone bodies being able to lead to ketosis (Schlumbohm
Please cite this article as: Paez Lama, S., et al., Rumen develo
different rearing systems. Livestock Science (2014), http://dx.d
and Harmeyer, 2004). Ketosis is characterized by biochem-
ical changes such as lower serum glucose levels and higher
levels of NEFA and obeta4HB (Quigley et al., 1991).
Throughout the test, the average blood glucose concentra-
tion was greater than the lower limit of the normal range
for goats (2.8–4.2 mmol/L; Kaneko et al., 2008) in both
groups of kids. Serum concentration of obeta4HB was
always lower than 0.86 mmol/L, limit from which it is
considered that goats are experiencing moderate ketosis
(Bani et al., 2008; González et al., 2011). This proves that
highest obeta4HB concentration in AR kid goats was
due to rumen ketogenesis. Furthermore, the fact that NEFA
values were similar to those reported in adult goats with-
out ketosis (0.28–0.51 mmol/L, González et al., 2011) sup-
ports this assertion. In summary, these blood metabolite
profiles indicate a greater reliance on the end products of
ruminal fermentation and an earlier metabolic transition
in AR goat kids compared to TR goat kids.

5. Conclusions

The alternative rearing system improved the physical
and metabolic development of the rumen and promoted
the transition of kids from pre-ruminant to ruminant. It
was possible to wean Criollo goat kids as early as 30 days
of age and to save 32.7% of goat milk. However, early
weaning negatively affected the growth performance of
goat kids. Therefore, it was not possible to attain the
required market weight with the alternative rearing sys-
tem. Although, early weaned goat kids achieved a com-
pensatory growth that allowed them to reach a marketable
weight at an older age. Therefore, in dry years the alter-
native rearing system could be used but these goat kids
should be reared above the habitual age.

Conflict of interest statement

None
Acknowledgments

The authors are very grateful to N. Horak for her
assistance with the English version. Financial support was
provided by the Secretaría de Ciencia, Técnica y Posgrado de
la Universidad Nacional de Cuyo (Grant no. Resol 2737/2011)
and is gratefully acknowledged. Gratitude is also to Facultad
de Ciencias Veterinarias de la Universidad Juan Agustín Maza
for providing their equipment and facilities and to Mr. Juan
Rosales for his assistance with animal care and sample
collection.

References

Allegretti, L., Sartor, C., Paez Lama, S., Egea, V., Fucili, M., Passera, C., 2012.
Effect of the physiological state of Criollo goats on the botanical
composition of their diet in NE Mendoza, Argentina. Small Rumin.
Res. 103, 152–157.

Amills, M., Ramírez, O., Tomàs, A., Badaoui, B., Marmi, J., Acosta, J.,
Sànchez, A., Capote, J., 2009. Mitochondrial DNA diversity and origins
of South and Central American goats. Anim. Genet. 40, 315–322.

Amaral, C.M.C., Sugohara, A., Resende, K.T., Machado, M.R.F., Cruz, C.,
2005. Performance and ruminal morphologic characteristics of
pment and blood metabolites of Criollo kids under two
oi.org/10.1016/j.livsci.2014.06.018i

http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref1
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref1
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref1
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref1
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref2
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref2
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref2
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref3
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref3
http://dx.doi.org/10.1016/j.livsci.2014.06.018
http://dx.doi.org/10.1016/j.livsci.2014.06.018
http://dx.doi.org/10.1016/j.livsci.2014.06.018


S. Paez Lama et al. / Livestock Science ] (]]]]) ]]]–]]] 7
Saanen kids fed ground, pelleted or extruded total ration. Small
Rumin. Res. 58, 47–54.

Arthington, J.D., Eicher, S.D., Kunkle, W.E., Martin, F.G., 2003. Effect of
transportation and commingling on the acute-phase protein
response, growth, and feed intake of newly weaned beef calves.
J. Anim. Sci. 81, 1120–1125.

Arthington, D., Spears, J.W., Miller, D.C., 2005. The effect of early weaning
on feedlot performance and measures of stress in beef calves. J. Anim.
Sci. 83, 933–939.

Atasoglu, C., Yurtman, I.Y., Savas, T., Gültepe, M., Özcan, Ö., 2008. Effect of
weaning on behavior and serum parameters in dairy goat kids. Anim.
Sci. J. 79, 435–442.

Baldwin, R.L., 2000. Sheep gastrointestinal development in response to
different dietary treatments. Small Rumin. Res. 35, 39–47.

Baldwin, R.L., McLeod, K.R., Klotz, J.L., Heitmannm, R.N., 2004. Rumen
development, intestinal growth and hepatic metabolism in the pre-
and post-weaning ruminant (E. Suppl.). J. Dairy Sci. 87, E55–E65.

Bani, Z.A., Al-Majali, A.M., Amireh, F., Al-Rawashdeh, O.F., 2008. Metabolic
profiles in goat does in late pregnancy with and without subclinical
pregnancy toxemia. Vet. Clin. Pathol. 37, 434–438.

Blanco, M., Casasús, I., Palacio, J., 2009. Effect of age at weaning on the
physiological stress response and temperament of two beef cattle
breeds. Animal 3, 108–117.

Brickell, J.S., McGowan, M.M., Wathes, D.C., 2009. Effect of management
factors and blood metabolites during the rearing period on growth in
dairy heifers on UK farms. Domest. Anim. Endocrinol. 36, 67–81.

Caldeira, R.M., Belo, A.T., Santos, C.C., Vazques, M.I., Portugal, A.V., 2007.
The effect of body condition score on blood metabolites and hormo-
nal profiles in ewes. Small Rumin. Res. 68, 233–241.

Devendra, C., 2010. Concluding synthesis and the future for sustainable
goat production. Small Rumin. Res. 89, 125–130.

Di Rienzo, J.A., Casanoves, F., Balzarini, M.G., Gonzalez, L., Tablada, M.,
Robledo, C.W., 2011. InfoStat versión 2011. Grupo InfoStat, FCA,
Universidad Nacional de Córdoba, Córdoba, Argentina. Retrieved
14.01.13, from 〈http://www.infostat.com.ar〉.

Dønnem, I., Eknæs, M., Randby, A.T., 2011. Energy status, measured by
computer tomography (CT) scanning, and milk quality of dairy goats
fed rations with various energy concentrations. Livest. Sci. 142,
235–244.

FASS, 2010. Guide for the Care and Use of Agricultural Animals in
Research and Teaching. Federal of Animal Science Societies, Cham-
paign, IL, USA.

Galindo-Gonzalez, S., Arthington, J.D., Yelich, J.V., Hansen, G.R., Lamb, G.C.,
De Vries, A., 2007. Effects of cow parity on voluntary hay intake and
performance responses to early weaning of beef calves. Livest. Sci.
110, 148–153.

González, F.H.D., Hernández, F., Madrid, J., Martínez-Subiela, S., Tvarijo-
naviciute, A., Cerón, J.J., Tecles, F., 2011. Acute phase proteins in
experimentally induced pregnancy toxemia in goats. J. Vet. Diagn.
Investig. 23, 57–62.

Guevara, J.C., Bertiller, M., Estevez, O.R., Grünwaldt, E.G., Allegretti, L.I.,
2006. Range and animal production in Argentina arid lands. Sècher-
esse 17, 242–256.

Guevara, J.C., Grünwaldt, E.G., Estevez, O.R., Bisigato, A.J., Blanco, L.J.,
Biurrun, F.N., Ferrando, C.A., Chirino, C.C., Morici, E., Fernández, B.,
Allegretti, L.I., Passera, C.B., 2009. Range and livestock production in
the Monte Desert, Argentina. J. Arid Environ. 73, 228–237.

Hickey, M.C., Drennan, M., Earley, B., 2003. The effect of abrupt weaning
of suckler calves on the plasma concentrations of interferon-gamma
production cortisol, catecholamines, leukocytes, acute-phase proteins
and in vitro. J. Anim. Sci. 81, 2847–2855.

InfoStat, 2011. InfoStat version 2011. Grupo InfoStat, FCA, Universidad
Nacional de Córdoba, Córdoba, Argentina.

Jelínek, K., 1995. Developmental dynamics of the caprine (Capra aegagrus
f. hircus) forestomach in the postnatal period. Acta Vet. Brno 64,
49–61.

Johnson, E.H., Kass, P.H., Santa Rosa, J., 1995. Effects of energy supple-
mentation and season on serum immunoglobulin and protein levels
in Moxoto goats. Small Rumin. Res. 15, 121–125.

Kaneko, J.J., Harvey, J.W., Bruss, M.L., 2008. Clinical Biochemistry of
Domestic Animals. Academic Press, San Diego.

Kanyinji, F., Kumagai, H., Maeda, T., Kaneshima, S., Yokoi, D., 2009. Effects
of supplementary inosine on nutrient digestibility, ruminal
Please cite this article as: Paez Lama, S., et al., Rumen develo
different rearing systems. Livestock Science (2014), http://dx.d
fermentation and nitrogen balance in goats fed high amount of
concentrate. Anim. Feed Sci. Technol. 152, 12–20.

Khan, M.A., Lee, H.J., Lee, W.S., Kim, H.S., Ki, K.S., Hur, T.Y., Suh, G.H., Kang,
S.J., Choi, Y.J., 2007. Structural growth, rumen development, and
metabolic and immune responses of Holstein male calves fed milk
through step-down and conventional methods. J. Dairy Sci. 90,
3376–3387.

Khan, M.A., Weary, D.M., von Keyserlingk, M.A.G., 2011. Invited review:
effects of milk ration on solid feed intake, weaning, and performance
in dairy heifers. J. Dairy Sci. 94, 1071–1081.

Kosiorowska, A., Puggaard, L., Hedemann, M.S., Sehested, J., Jensen, S.K.,
Kristensen, N.B., Kuropka, P., Marycz, K., Vestergaard, M., 2011.
Gastrointestinal development of dairy calves fed low- or high-
starch concentrate at two milk allowances. Animal 5, 211–219.

Lane, M.A., Jesse, B.W., 1997. Effect of volatile fatty acid infusion on
development of the rumen epithelium in neonatal sheep. J. Dairy Sci.
80, 740–746.

Lesmeister, K.E., Tozer, P.R., Heinrichs, A.J., 2004. Development and
analysis of a rumen tissue sampling procedure. J. Dairy Sci. 87,
1336–1344.

Lynch, E.M., Earley, B., McGee, M., Doyle, S., 2010. Effect of abrupt
weaning at housing on leukocyte distribution, functional activity of
neutrophils, and acute phase protein response of beef calves. Vet. Res.
6, 39.

MAGYP, 2010. Livestock and Meats Yearbook 2010. Ministry of Agricul-
ture, Livestock and Fisheries, 〈http://www.minagri.gob.ar〉 (accessed
04.01.13).

Mgasa, M.N., Basse, A., Arnbjerg, J., Jørgensen, R.J., Thamsborg, S.M., Fogh,
J., 1994. Influence of diet on forestomach, bone and digital develop-
ment in young goats. Small Rumin. Res. 14, 25–31.

Morand-Fehr, P., Hervieu, J., Bas, P., Sauvant, D., 1982. Feeding of young
goats. In: Proceedings of the Third International Conference on Goat
Production and Disease, January 10–15, 1982, Tucson, Arizona,
pp. 90–104.

Nsahlai, I.V., Goetsch, A.L., Luo, J., Johnson, Z.B., Moore, J.E., Sahlu, T.,
Ferrell, C.L., Galyean, M.L., Owens, F.N., 2004. Metabolizable energy
requirements of lactating goats. Small Rumin. Res. 53, 253–273.

National Research Council, 2007. Nutrient Requirements of Small Rumi-
nants: Sheep, Goats, Cervids, and New World Camelids. The National
Academies Press, Washington, DC.

Paez, J.A., Silva, J.H., Allegretti, L., Boza, J., 2001. Potencial productivo de la
cabra biotipo criolla mendocina (productive potential of Criollo goats
from Mendoza). Anales de la Real Academia de Ciencias Veterinarias
de Andalucía Oriental 14, 191–200.

Paez Lama, S., Egea, V., Grilli, D., Fucili, M., Allegretti, L., Guevara, J.C.,
2013. Growth and economic performance of kid production under
different rearing systems and slaughter ages in arid areas of Argen-
tina. Small Rumin. Res. 110, 9–14.

Quigley, J.D., Caldwell, L.A., Sinks, G.D., Heitmann, R.N., 1991. Changes in
blood glucose, nonesterified fatty acids, and ketones in response to
weaning and feed intake in young calves. J. Dairy Sci. 74, 250–257.

Sanz Sampelayo, M.R., Allegretti, L., Ruiz Mariscal, I., Gil Extremera, F.,
Boza, J., 1995. Dietary factors affecting the maximum feed intake and
the body composition of pre-ruminant kid goats of the Granadina
breed. Br. J. Nutr. 74, 335–345.

Schlumbohm, C., Harmeyer, J., 2004. Hyperketonemia impairs glucose
metabolism in pregnant and nonpregnant ewes. J. Dairy Sci. 87,
350–358.

Singh-Knights, D., Knights, M., 2005. Feasibility of Goat Production in
West Virginia: A Handbook for Beginners (Davis College of Agricul-
ture, Forestry, and Consumer Sciences, Western Virginia University).
728. West Virginia Agricultural and Forestry Experiment Station,
West Virginia, United States.

Suarez, B.J., Van Reenen, C.G., Gerrits, W.J.J., Stockhofe, N., van Vuuren, A.
M., Dijkstra, J., 2006. Effects of supplementing concentrates differing
in carbohydrate composition in veal calf diets: II. Rumen develop-
ment. J. Dairy Sci. 89, 4376–4386.

Terré, M., Devant, M., Bach, A., 2007. Effect of level of milk replacer fed to
Holstein calves on performance during the preweaning period and
starter digestibility at weaning. Livest. Sci. 110, 82–88.

Wang, Y., Xu, M., Wang, F., Yu, Z.P., Yao, J.H., Zan, L.S., Yang, F.X., 2009.
Effect of dietary starch on rumen and small intestine morphology and
digesta pH in goats. Livest. Sci. 122, 48–52.
pment and blood metabolites of Criollo kids under two
oi.org/10.1016/j.livsci.2014.06.018i

http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref3
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref3
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref4
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref4
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref4
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref4
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref5
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref5
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref5
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref6
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref6
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref6
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref7
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref7
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref8
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref8
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref8
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref9
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref9
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref9
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref10
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref10
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref10
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref11
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref11
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref11
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref12
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref12
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref12
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref13
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref13
http://www.infostat.com.ar
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref14
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref14
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref14
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref14
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref15
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref15
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref15
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref16
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref16
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref16
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref16
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref17
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref17
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref17
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref17
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref18
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref18
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref18
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref19
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref19
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref19
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref19
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref20
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref20
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref20
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref20
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref21
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref21
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref21
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref22
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref22
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref22
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref23
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref23
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref24
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref24
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref24
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref24
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref25
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref25
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref25
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref25
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref25
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref26
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref26
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref26
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref27
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref27
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref27
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref27
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref28
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref28
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref28
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref29
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref29
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref29
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref30
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref30
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref30
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref30
http://www.minagri.gob.ar
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref31
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref31
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref31
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref32
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref32
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref32
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref33
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref33
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref33
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref34
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref34
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref34
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref34
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref35
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref35
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref35
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref35
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref36
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref36
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref36
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref37
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref37
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref37
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref37
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref38
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref38
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref38
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref39
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref39
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref39
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref39
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref39
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref40
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref40
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref40
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref40
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref41
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref41
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref41
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref42
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref42
http://refhub.elsevier.com/S1871-1413(14)00326-6/sbref42
http://dx.doi.org/10.1016/j.livsci.2014.06.018
http://dx.doi.org/10.1016/j.livsci.2014.06.018
http://dx.doi.org/10.1016/j.livsci.2014.06.018

	Rumen development and blood metabolites of Criollo kids under two different rearing systems
	Introduction
	Materials and methods
	Animals, management and treatments
	Sampling and analyses
	Statistical analysis

	Results
	Discussion
	Conclusions
	Conflict of interest statement
	Acknowledgments
	References




