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Abstract

The purpose of this study is to determine the associ ation between energy status and lipid metabolism
of Garut ewes reared in intensive housing system with and without free range access. Garut ewes with
atotal of 20 heads were randomly placed into two treatments. The first group/treatment was intensive
housing system without free range access (T1, n=10), while the second group was kept in intensive
housing systemwith free range access 2 hr per day (T2, n=10)). Blood sampleswere collected in jugular
vein at 70 d of experiment. Blood biochemistry analysis was performed at Laboratory of Animal
Physiology and Biochemistry Faculty of Animal Husbandry Universitas Padjadjaran. Data were
analyzed using a T-test. The results revealed there is no significant different on glucose concentration
as energy status and plasma cholesterol and triglyceride as lipid metabolism parameter between
treatments. However, ewes reared on intensive housing system with free range access had higher
cholesterol and glucose concentration compared to ewes reared on intensive housing system without
free range access. Moreover, there is no association between energy status and lipid metabolism
parameters. This study shows that mild exercise of 2 hr doing an active behavior such as walking and
running in outside area did not reduce energy status and lipid metabolism. In conclusion, intensive
housing system with free range access did not give any negative effect on performances supported with
normal energy status and lipid metabolism.
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INTRODUCTION

Garut sheep are ruminant that are
reasonably easy to care for and extremely
profitable, as well as one commodity that
must be protected as a potential genetics
resource as a native animal in Indonesia [1].
Garut ewes rarely have horns, and if they
do, the size of the horns is minuscule in
comparison to Garut ram. Garut ewes can
have more than two lambs in a single cycle
of delivery [2].

Environment condition in housing
system have an impact on livestock
productivity and health. The environmental
factors such as sunlight radiation, air
temperature, air humidity, and wind speed
will directly affect livestock [3]. Indonesia
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is one of the tropical countries with
relatively high temperatures and humidity.
Tropical environment has a significant
impact on animal rearing, including sheep
rearing system.

Intensive housing system refers to how
sheep are reared inside for whole day with
good housing management. By shielding
sheep from extreme heat or cold and by
providing appropriate nutrition, housing
systems may improve the wellbeing and
health of sheep. However, poor housing
condition will reduce the wellbeing and
health of the sheep.

Intensive housing system with free
access to external area is a welfare treatment
in which controlled livestock rearing adds
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value since the livestock gets more vitamin
D from the sun. Furthermore, the muscle in
this sheep will be more active, keeping the
body in a proportional state. There is also an
anticipated advantage that will increase the
quality of physiological parameters and
sheep health, as evidenced by cholesterol
and triglyceride as lipid metabolism. Also,
will affect glucose as energy status.
Glucose is needed for body growth, fetal
growth (including the growth of the
placenta), udder expansion, and general
milk production in sheep. Despite being the
main metabolic fuel and being necessary for
vital organ function, fetal growth, and milk
production. Glucose is a sensitive indicator
of energy status since it is tightly regulated
by homeostasis. Glucose is an important
sugar component because it regulates
metabolism and energy feed do not meet the
requirement, thus plasma glucose levels rise
and pancreatic alpha cells release glucagon
into the bloodstream. To meet the body’s
glucose needs, glucagon and epinephrine
present in the circulation induce
gluconeogenesis in  the liver and
glycogenolysis in the muscle [4].
Ruminants need blood glucose monitoring
because they require protein and glucose in
equal amounts throughout their lives [5].
Energy sources in animals depend on
metabolism of carbohydrate, protein and
lipid. The profile of lipid metabolism in the
blood can be affect reproduction, health,
and productivity of livestock. Hepatic lipid
metabolism is a normal physiological
process involving an energy-dependent,
complex system that results in the hepatic
release of very-low-density lipoproteins
(VLDL) into circulation [6]. Lipid
metabolism entails the synthesis of
structural and functional lipids (such as
phospholipids, glycolipids, sphingolipids,
cholesterol, prostaglandins, and so on) that
are specific to individual tissues, as well as
the degradation of lipids to meet the body's
metabolic needs (e.g., energy production).
Lipid metabolism is in a condition of
continual dynamic balance. This means that

some lipids are constantly oxidized to
supply the metabolic needs of the organism,
while others are produced and stored.
Changing the activity of lipoprotein lipase
and improving glucose metabolism are two
ways to modify lipid metabolism [7]. This
occurs as a result of the stress experienced
by ewes that are not reared, and it is
believed that the provision of pens will
mitigate this impact.

Triglycerides are a component of the
blood fat profile that is widely used to
determine the metabolic rate of animals.
Triglycerides are a key source of energy for
muscle growth and boosting performance,
as well as a lipid storage site in the body and
bloodstream [8]. The high level of
triglycerides in livestock can be produced
by a variety of factors, including a high
degree of stress in the body, which will
increase the body's metabolic rate to
compensate for the problem. Providing free
access to external area in intensive
maintenance might be reduced stress.
Therefore, metabolism including lipid
metabolism may not disrupt. Normal
triglycerides in the ewes' bodies can be
maintained and the usage of triglycerides
can be more focused on muscle growth and
livestock performance.

Cholesterol is a fat component that helps
to build skin, muscles, cell membranes, and
other internal organ  components.
Cholesterol plays important role in the body
and influence the function of metabolism
[9]. Cholesterol serves as a precursor to
produce steroid hormones such as
progesterone, cortisol, corticosterone, and
estradiol. In ewes, normal blood cholesterol
levels range from 50 to 140 mg/dL [10].

Cholesterol is required for the formation
and maintenance of membrane cells, which
allow degrees of distinctive membrane
fluids to connect [11]. Garut sheep have
higher cholesterol levels in adults than in
young and lactating ewes [12]. This is
because the higher the amount of activity of
animal body parts, the lower the rate of
cholesterol [13]. Sheep raised in pens had
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lower cholesterol levels as a result of being
exposed to heat-dependent sunshine, which
turns into vitamin D, which is then
converted into cholesterol by an enzyme
called  7-dehydrocholesterol  reductase
(DHCR?7) (5).

Previous research found that an
intensive housing system had an impact on
the energy status and lipid metabolism of
sheep. When animals are exposed to the sun
during the hot season, their plasma glucose
levels rise compared to animals kept in
intensive housing system with and without
free access [14]. Treatment of Garut sheep
with a intensive housing system care
approach will involve more exercise than
intensive care, where more sheep are
exposed to the sun's rays. The objective of
this study is to determine the association
between energy status and lipid metabolism
of Garut ewes reared in intensive housing
system with and without free range access.

MATERIAL AND METHOD
Animals, Housing and Design of
experiment

Twenty Garut ewes were used in this
study. Ewes with ages about 12+2 months
old, with an initial average body weight of
19.52 kg were randomly selected and placed

Table 1 Content Nutrition of Garut ewes feed

into two treatments of housing system. The
two-housing system treatment are intensive
housing system without free range access
(T1, n=10) and intensive housing system
with free range access (T2, n=10). Study
was carried out for 70 days. Blood samples
were collected in jugular vein at 70 d of
experiment. The Independent Sample T-test
with two treatments and ten replications
was employed to assess the study
hypothesis. This study is being conducted in
the Laboratory of Beef Cattle Production
(Ciparanje cage Sheep), Faculty of Animal
Husbandry, Universitas Padjadjaran. The
individual pen used in this research is a 0.7
m length, 1.5 m wide, and 0.8 m height,
with a 200 m? wide external pen area.

Diet

The ration arrangement used in this
study is a 6:1 ratio of forages and
concentrates. Forage was taken from the
Ciparanje area and was administered after
the grass had been aerated. Pollard,
chocolate skin, copra meal, palm oil meal,
wafer crust, cassava cake, premix, salt,
lime, and corn concentrate make up the
concentrate. The nutritional content is
shown in Table 1.

Feed Ingredients

Forage (%)

Concentrate (%)

Water (%)

Ash (%)

Proteins (%)

Fiber (%)

Fat (%)

Carbs (%)

Energy Gross ( kcal /kg)
Total Digestible Nutrients (%)

85,28 9,72
13,17 6,42
13,93 16,17
31,48 14,19
2,29 11,84
39,13 51,38
3091 4012
45,48 67,39

Note : Laboratory Ruminant Animal Nutrition and Animal Feed Chemistry (2021)

Blood Analysis

Garut ewes were selected based on their
weight and age. Ewes were transported to
the research center. Ewes  were
acclimatation for 14 days and adapted with
experimental feed. Feed adaptation is
achieved in the first week by supplying

forages and concentrates of equivalent
quality. At the second week of the trial, both
groups started to get the treatment, 10 sheep
receiving intensive maintenance and 10
sheep intensive housing system with free
access for 2 hr in the morning. Plasma
analysis for cholesterol using the Biolabo
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kit number catalog 108491, for triglyceride
using the Biolabo kit number catalog 80019,
and for glucose using the Biolabo kit
number catalog 112191, which is then
readed by Spectrophotometry.

RESULTS AND DISCUSSION

Energy Statusand Lipid Metabolism
Energy status of ewes were represented

by plasma glucose concentration. Lipid

metabolism were represented by plasma
cholesterol and triglyceride concentration.
In this research there is no a significant
difference (P<0.05) on glucose, cholesterol,
and triglyceride of ewes from both
treatments. This demonstrates that activity
within the ewes' pen has no effect on energy
status or lipid metabolism.

Table 2 Mean values (mean+SEM) of glucose, cholesterol and triglyceride concentration between
ewes reared without free access to external area (T1) and with free access to external area for

2 hr (T2)
Parameter T Treatment P-value Sig.
Glucose (mg/dL) 69.68+2.56 73.66+1.63 0.207 Not Significant
(Tr:g%‘fj”des 22.19£2.31 22.64+1.79 0.882 Not Significant
Cholesterol 93.63+6.98 108.77+8.65 0.190 Not Significant
(mg/dL)

In this study, sheep glucose levels were
not influenced by a full in intensive housing
system with or without free access to external
area. However, the rate of glucose in the
blood of the Garut Sheep will be more
optimal in intensive housing with free access
to external area as compared to the intense
treatments without free access to external
area. Normal sheep blood glucose levels
range from 44 to 81 mg/dL [15]. Glucose
concentrations in the present study were in
accordance with previous experimental
studies that recorded serum glucose levels to
be higher in lactation than pregnancy in ewes
[14-18]. The increase may reflect the
recovery of feed intake and improving
energy status of the ewe after rearing.

Our study demonstrates that the
influence of housing system with and
without free access on the rate of blood
glucose is minor or has no genuine
difference. According to research by Pankaj
[19], there is no significant difference in
plasma glucose of Dekani sheep maintained
by the system maintenance intense of 54.44
mg/dL, semi-intensive of 58.32 mg/dL, and
extensive of 57.11 mg/dL.

A previous study reported that animals
managed in a semi-intensive system have
lower glucose levels than those kept in an
intensive system [20]. There was not much
activity that the lamb could do in the
intensive care system, which caused an
increase in glucose (6.68 mmol/L), whereas
the sheep in the semi-intensive care system
utilized levels of blood glucose sufficient to
meet the demand for energy from activity or
exercise (1.72 mmol/L) [21]. According to
Sejian in (22) and (23), the hormone cortisol
stimulates gluconeogenesis in the heart,
which converts non-carbohydrate
substances into glucose to supply the energy
needs of livestock under stress.

Intensive maintenance with external
access resulted in higher plasma glucose
levels (73.66 mg/dL) than intensive
maintenance without free access (69.69
mg/dL). This is because the ewe’s activity
treatment was insufficient to complete the
exercise, resulting in a greater requirement
for glucose and a decline in plasma glucose
levels. According to Sejian, Payne, and
Wasserman (23-25), the drop rate of glucose
in livestock can be supplied by activity that
induces energy mobilization and the
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existence of decline backup glycogen
induced by high require glucose to be energy.

According to Prihatno [26], a lack of
glucose can impair the production of follicle
stimulating hormone (FSH) and luteinizing
hormone (LH), obstructing the formation of
follicles, eggs, estrogen, and progesterone.
According to Winugroho [27], rate blood
glucose when related with the absence of a
distinct progesterone hormone profile and
there is not yet known an appropriate
backup energy that optimum for body
transformation from postpartum estrus to
normal condition. Maintaining lactating
ewes in outdoor enclosures during daytime
was beneficial to their behavioural needs,
stimulating  exploratory and  active
behaviours. In addition, outdoor-reared
ewes produced milk with lower somatic cell
counts compared with indoor animals [28].

Our study showed no difference on lipid
metabolism between treatments. Plasma
triglycerides and cholesterol were similar
between treatments. The triglyceride content
of the two treatments ranged from 22.19 -
22.64. The triglyceride content in the sheep
in this study is the same as the results of
Prayitno and Heni's [30] study where the
normal triglyceride content in the blood is
due to the fact that the body's energy needs
have been met. Razali [31] stated that the
triglyceride content of goats ranged from
46.67 — 247.67 mg/dl much higher than
sheep. Triglycerides are one of the body's
energy reserves. Lipid metabolism result in
free fatty acid and glycerol. Free fatty acids
can be esterified and stored as TAG in liver
[32]. Stress affect level of triglycerides in
livestock. A previous study showed that
stress as indicated with low paraoxonase
(PON) were associated with the level of
plasma triglycerides [33]. Providing free
access to the sheep during intensive
management reduced stress.

In this research, cholesterol levels of T2
treatment were 108.77 mg/dL and cholesterol
levels of T1 treatment were 93.63 mg/dL,
which was thought to be caused by high levels
of free fatty acids. This remark is consistent
with the findings of Raju [34], who compared

treatment intensive and semi-intensive on the
biochemistry of sheep blood, yielding
treatment intense results of 67.72 mg/dL and
semi-intensive results of 46.5 mg/dL.
According to study results, cholesterol levels
in system grown sheep were relatively the
same in intensive without access and intensive
systems with free access, due to the presence
of activity use the fatty acids.

Cholesterol is synthesized in the small
intestine epithelium for the transportation of
dietary lipids. Also, cholesterol is the
precursor of various steroid hormones.
Cholesterol aids in the production of fat

components such as skin, muscles,
membranes, cells, and other internal organs
(9). Table 2 shows cholesterol

concentration in ewes's plasma in T1 is
lower than T2 (93.63 mg/dL vs 108.77
mg/dL), respectively. The  normal
cholesterol levels in sheep blood are 50-140
mg/dL [5]. Our study is contradicting with
the findings of Karthik [16], who stated that
intensive and semi-intensive management
had an impact on cholesterol of Nellore
sheep. Stress stimulates cortisol hormone to
be released, which then activates
gluconeogenesis in the heart.

According to Khotijah [17], excessive
cholesterol levels in the blood have an
impact on Estrogen and progesterone
hormones, which have a role in fertility.
Hess (18) reported that cattle with high
cholesterol levels will have a more difficult
time having progeny than cattle with normal
cholesterol levels. Plasma cholesterol was
lower in the intensive treatment with free
access (T2) compared to the intensive
treatment without free access (T1). This is
due to the presence of higher functional
fatty acids in the T2 treatment in lipoprotein
metabolism, which reduces the risk of
cardiovascular disease [29]. Exercise that
attempts to minimize stress did not appear
to effect substantial parameter changes by
increasing gluconeogenesis liver, on this
ewes is capable to fulfilling need energy
during stress [23].
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Association between Energy Status and
Lipid Metabolism

In this study, the Pearson correlation test
was performed to examine the relationship
between energy status as represented by
glucose and lipid metabolism as indicated
by triglyceride and cholesterol parameters,
the results of which are shown in Tables 3,
4 and 5.

Pearson correlation data demonstrate no
significant association between the three

parameters between the two treatments.
However, it seems there was a negative
association between energy status and lipid
metabolism  (both  triglycerides and
cholesterol) in the T2 treatment. This
suggested the greater the energy status
alongside provision for physical activity on
external areas in T2 treatment, the smaller
the lipid metabolism.

Table 3. Correlation of Energy Status and Lipid Metabolism of ewes reared without free access to

external area

Glucose Triglycerides Cholesterol

Pearson Correlation 1 425 133
Glucose Sig. (2-tailed) .220 713

N 10 10 10

Pearson Correlation 425 1 .360
Triglycerides  Sig. (2-tailed) .220 .307

N 10 10 10

Pearson Correlation .133 .360 1
Cholesterol Sig. (2-tailed) 713 .307

N 10 10 10

The distribution of pearson correlation graphs of glucose, trigliceride, and cholesterol

in Treatment 1 can be viewed as follows :

Fig. 1 Simple Scatter Graph with Fit Line of T1-Glucose by T1-Triglyceride

Fig. 2 Simple Scatter Graph with Fit Line of T1-Glucose by T1-Cholesterol
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Fig. 3 Simple Scatter Graph with Fit Line of T1-Triglyceride by T1-Cholesterol

Table 4. Correlation of Energy Status and Lipid Metabolism of ewes reared with free access to

external area

Glucose Triglycerides Cholesterol
Pearson Correlation 1 .080
Glucose Sig. (2-tailed) .825
N 10 10
Pearson Correlation .080 1
Triglycerides Sig. (2-tailed) .825
N 10 10
Pearson Correlation .193 -.483
Cholesterol Sig. (2-tailed) .594 .158
N 10 10

The distribution of Pearson correlation graphs of glucose, triglyceride, and cholesterol
in Treatment 2 can be viewed as follows :

Fig. 4 Simple Scatter Graph with Fit Line of T2-Glucose by T2-Triglyceride

85.00

&0.00

75.00

T2Clucose

T0.00

65.00

60.00

y=63.06+0.07*x

55.00
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80.00 100.00 120.00 14000
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Fig. 5 Simple Scatter Graph with Fit Line of T2-Glucose by T2-Cholesterol
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Fig. 6 Simple Scatter Graph with Fit Line of T2-Triglyceride by T2-Cholesterol

Table 5. Correlation of Energy Status and Lipid Metabolism of ewes in all treatment

Glucose Triglycerides Cholesterol

Pearson Correlation 1 -.053 .234
Glucose Sig. (2-tailed) .824 .321

N 20 20 20
Pearson Correlation -.053 1 .195
Triglycerides Sig. (2-tailed) .824 .409
N 20 20 20

Pearson Correlation .234 .195 1

Cholesterol Sig. (2-tailed) .321 409

N 20 20 20

The distribution of pearson correlation graphs of glucose, trigliceride, and cholesterol
in all treatment can be viewed as follows :

Fig. 7 Simple Scatter Graph with Fit Line of Glucose by Triglyceride

Fig. 8 Simple Scatter Graph with Fit Line of Glucose by Cholesterol
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Fig. 9 Simple Scatter Graph with Fit Line of Triglyceride by Cholesterol

CONCLUSIONS

Intensive management with and without
provision to pen has the similar effect on
concentration of triglyceride, cholesterol
and glucose in Garut ewes. Furthermore,
intensive housing system with free range
resulted in an optimum triglyceride
cholesterol and glucose levels that are
within the normal range
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