Pakistan Journal of Nutrition

OPEN ACCESS

ISSN 1680-5194
DOI: 10.3923/pjn.2017.101.108

Research Article
Metabolic and Endocrine Responses to Feed Restriction and
Refeeding in Kacang Goats
Sarmin, Irkham Widiyono, Pudji Astuti and Prabowo Purwono Putro
Faculty of Veterinary Medicine, Universitas Gadjah Mada, Yogyakarta, Indonesia

Abstract
Background: The ability of ruminants to undergo metabolic and endocrine adaptation to feeding restrictions and refeeding varies depending on
the species and physiological characteristics, the age at which the feed restriction and refeeding are imposed, the rate and length of the feed
restriction and refeeding, the physiological responses of various body parts to the feed restriction and refeeding conditions, sex and breed. Objective:
The objective of this study was to evaluate the metabolic rates and endocrine responses of Kacang goats, Indonesian-bred ruminants, during the
restricted feeding and refeeding periods. Methodology: Nine 1.5-2.5 year-old male goats were subjected to feed adaptation for the first 60 days. Then,
the goats were subjected to three-level feed restriction for the second 60 days. The goats received 40, 50 or 60% feed restriction of dry fodder. The
goats allocated to the 40, 50 or 60% feed restriction groups were referred to as group 1, 2 and 3, respectively. For the final 60 days, the goats
underwent 100% refeeding with dry fodder. The weights of the ruminants were measured and blood samples were obtained at the end of the feed
adaptation, feed restriction and refeeding. Results: At the end of the 60-day restriction, the three goats in group 3 were less than the baseline of
Average Daily Gain (ADG), while the six other goats in groups 1 and 2 were still greater than the baseline of ADG, although there were no significant
differences among the groups (p>0.05). The feed restriction increased lipolysis in adipose tissue and protein mobilization, non-esterified fatty acids
(NEFAs) and albumin as the carrier of NEFA, creatinine and total protein in serum. Nonetheless, there were no differences among the three groups
(p>0.05). Thyroid hormones (T3 and T4) as lipolytic hormones were ignored because their rates were lower than the baseline. Lipolytic responses
in the form of High Density Lipoprotein (HDL) occurred in the three groups and there were significant differences among the three groups (p>0.05),
indicating that triglycerides exported as Low Density Lipoprotein (LDL) were also not different among the three groups (p>0.05). This finding showed
that there were no LDL secretion differences among the three groups. The two metabolic ketogenic effects, namely, Blood Urea Nitrogen (BUN) and
glucose showed that BUN decreased to less than the baseline in group 2, although there were no significant differences among the groups (p>0.05).
The glucose rate in group 2 was the highest among the groups (p<0.05), likely because of the low catabolism of labile protein deposits in group 2.
After the refeeding was completed, the ADG in groups 2 and 3 increased significantly (p<0.05). In contrast, the ADG in group 1 did not increase
significantly (p>0.05). Lipolysis continued to occur after the refeeding, with high rates of NEFA and albumin in the three groups without any
differences among the groups (p>0.05). The lipolysis of hormones T3 and T4 was ignored, with both hormones remaining low. The rates of HDL and
triglycerides exported as LDL were also constant and were not different among the three groups (p>0.05). Creatinine decreased significantly in the
three groups (p<0.05) and there were no differences among the groups. The total protein increased significantly (p<0.5), but there were no differences
among the three groups. The BUN metabolite did not change after refeeding was imposed on the three groups (p>0.05), although the BUN metabolite
in group 1 tended to be higher than that in group 2. The glucose rate increased significantly in all three of the groups (p<0.05), although none of them
reached the baseline. The ruminants in group 2 possessed the lowest glucose rate (p<0.05). Conclusion: A group of goats with a 50% restriction level
of dry fodder tended to use ketones as the source of energy by suppressing protein degradation during feed restriction. The responses of ruminants
to refeeding took the forms of continued lipolysis and increased protein degradation.
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INTRODUCTION
There are 16.841 million goats in Indonesia. Most of these
goats are native Indonesian goats locally called Kacang goats,
which are found in dry land areas. Goats play significant and
strategic roles in boosting the economic security of Indonesian
farmers. Goat farming apparently helps Indonesian farmers to
increase their incomes and living standards1. The breedersʼ
dependence on feed availability from nature has been the
primary problem for goat production in Indonesia. The feed
quantity and quality are influenced by the seasons2. In dry
seasons, goats experience decreases in feeding consumption
of rough fiber intake and real rough protein3. During this
period, an appropriate strategy for feeding management is
needed to minimize the impacts of feeding restrictions on
livestock production. Livestock producers could choose the
option of feed restriction methods and delay growth to the
extent that a sufficient supply of good feed is available in the
rainy season and utilize compensatory growth4. The ability of
ruminants to cope with feed limitations was the result of a
long evolutionary process in response to the natural
fluctuations of feed availability5. Kacang goatsʼ adaptability to
feed restriction and subsequently to continued refeeding has
not yet been reported. Adaptation ability to feed restriction
has become an external strategy for increasing production
and economic efficiency and for avoiding high fat deposition
at the end of the phase6,7. Therefore, this adaptation ability is
utilized as a “Biostimulation method”8. The ability to adapt to
feed restriction and refeeding varies and depends on the
species and on physiological characteristics and age, as well as
on the intensity and duration of restriction and refeeding,
physiological responses of the body to the feed restriction and
refeeding conditions, sex and breed9. Adaptation to feed
restriction requires adjustments to fat deposition, metabolism
rate, hormone regulation and substrate mobilization of
metabolism fuel sources10. The weight gain caused by feed
restriction and refeeding involves physiologic hormone
mechanisms and very complex metabolites11 and relevant
research on Kacang goats has not yet been reported.
Accordingly, this study was designed to study the effects of
60 days feed restriction and 60 days refeeding on the ADG,
metabolites and endocrine systems of male Kacang goats fed
similar quantities and qualities of feed during each phase of
the experiment.

Animals: Nine healthy male Kacang goats with weights of
20-25 kg and without anatomical defects aged 1.5-2.5 years
were used in this study. Each goat was kept individually in the
research stables owned by the Faculty of Veterinary Medicine,
Universitas Gadjah Mada. Control of the animalsʼ health was
undertaken regularly, including monitoring for the possibility
of microbial infection and ectoparasitic and endoparasitic
infestations.
Feeding: All the goats were fed with similar quantity and
quality feed, which during feed adaptation and refeeding
consisted of green fodder (rendeng, part of the top of the
peanut plant) and concentrate (Gemuk A, PT Comfeed,
Indonesia) with a feeding proportion of 60% green fodder and
40% concentrate, while during feed restriction, the ruminants
were fed different quantities, according to the levels of feed
restriction.
Research design: Nine goats were divided randomly into
three groups (Group 1-3). Each group consisted of three goats.
The research was performed in three phases. In the first phase,
all of the goats underwent feeding adaptation for the first
60 days. All of the goats consumed similar quantities and
qualities of feed starting on day 0 through the 60th day. The
ruminants received full feeding to ensure that they possessed
the same levels of similarity and comparability. On the
60th day, blood samples from all of the groups were obtained.
During the second phase, all of the goats were subjected to
feed restriction starting on the 61st-120th days. Group 1
received 40% dry fodder, group 2 received 50% dry fodder and
group 3 received 50% dry fodder. Blood sample were obtained
again on the 120th day. Weighing was performed every week
during this phase. During the third phase, all of the goats
received refeeding. The goats in all groups were fully provided
with the same quantity and quality of feed from the 121st day
until the 180th day. Weighing was performed every week
during this phase, whereas, blood samples were obtained on
the 180th day.
Sampling and blood analysis: Blood was drawn from the
jugular vein and the separation of serum was immediately
undertaken to investigate the chemical and clinic parameters
of the blood. The assessment of blood serum chemical levels,
such as total protein, albumin, triglycerides, High Density
Lipoprotein (HDL), Low Density Lipoprotein (LDL), glucose,
Blood Urea Nitrogen (BUN) and creatinine were performed

MATERIALS AND METHODS
All methods of this study were approved by the Ethics
Commission of the Integrated Research and Testing
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individual goat during the feed restriction and refeeding
phases were calculated based on the differences or deviations
from the baseline. At the end of the 60 days restriction,
group 3 was less than the baseline of ADG, whereas,
groups 1 and 2 remained greater than the baseline, although
there were no significant differences among the groups
(p>0.05) (Fig. 1a).
Feed restriction resulted in a decrease in the glucose rate
to less than the baseline for all the groups. Group 2 was the
highest (p<0.05) among the groups (p>0.05) (Fig. 1b). The
decrease of glucose increased lipolysis in the adipose and
mobilization of proteins. Accordingly, NEFA (Fig. 1c) and
albumin (Fig. 1d), as the carrier of NEFA, creatinine (Fig. 1e)
and total protein (Fig. 1f) in the serum increased. Nonetheless,
there were no differences among the three groups in these
metabolites (p>0.05). The decrease in glucose rates
encouraged the use of fatty acid as an alternative energy
source in the body to fulfill the energy needs that were not
met during the restriction phase13, then, there was an increase
in lipolysis, which encouraged the increase in NEFA14.
Lipolysis of adipose was controlled by hormone-sensitive
lipase during the restriction phase15 in target tissues in the
body. The increased NEFA concentration resulted in an
increase in fatty acid absorption by the liver16 and free fatty
acid then underwent re-esterification and oxidation17.
Triglyceride was produced and then exported as VLDL18. Low
triglyceride (Fig. 1g) occurred because the speed of
hepatocytes in the triglyceride secretions as the result of NEFA

using a Synchron CX® Clinical Systems spectrophotometer
(Beckman Coulter Inc., Fullerton). The blood sampling and
checking of blood chemical levels were performed using
the standard methods described by Kraft and Duerr12.
The metabolites that were measured, such as NEFA were
determined by Max Discovery TM non-esterified fatty acids
assay (Catalog No. 56, Bio Scientific, Austin, USA). The rate of
thyroxine (T4) was determined by T4 ELISA (DRG® (Total
thyroxine), EIA-1781, DRG International Inc., USA). The
triiodothyronine level (T3) was determined by T3 ELISA
(DRG® (Triiodothyronine), EIA-1780, DRG International Inc.,
USA).
Statistical analysis: The effects of feed restriction and
refeeding were analyzed by ANOVA, while Duncan's Multiple
Range Test (DMRT) was applied to show the difference
between the treatments of feed restriction and refeeding and
that there was a correlation of the percentage of treatment
with the feed restriction and refeeding conditions.
Correlations between the blood chemical levels or metabolites
of each animal and ADG were analyzed with Pearsonʼs
correlation coefficients.
RESULTS AND DISCUSSION
Effects of feed restriction: The results of blood and hormone
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synthesis was very slow, 25 times slower than that in mice19,20.
In addition, the ruminantsʼ ability to synthesize fatty acids was
so low that efforts to boost the secretion of Low Density
Lipoprotein (LDL) were needed. Accordingly, the uptake of
free fatty acids by the liver increased21. The response to this
increased LDL level did not differ among the three groups
(p>0.05) (Fig. 1h). The increase in LDL secretion might have

occurred as a response to the increased need for free fatty acid
re-esterification in the cytosol of hepatocytes, although
sometimes small amounts of free fatty acid were found to
enter the mitochondria of hepatic cells. Lipolytic responses in
the form of HDL increases occurred in the three groups and
there were no significant differences among the three groups
(p>0.05) (Fig. 1i), which indicated that triglyceride, exported
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as LDL as a result of HDL concentration increases, reflected an
18,21

which it decreased vascular resistance and increased renin and

. The role of high lipolysis was

angiotensinogen activity. This hormone was also related to the

almost completely influenced by the energy deficit, whereas

creatinine increase as a result of decreases in the GFR or in the

the role of the thyroid hormones T3 (Fig. 1j) and T4 (Fig. 1k) as

renin-angiotensin system. Both BUN and creatinine were

lipolytic hormones were ignored because the rates of both

related to thyroid hormone and their changes, which were

hormone were low (less than baseline). This phenomenon was

associated with metabolism changes were the result of feed

in accordance with the restriction phenomenon observed in

restriction25.

increase in VLDL turnover

11

Belgian Blue Bulls .
In addition to NEFA, indications of energy reserve

Effects of refeeding: After the refeeding phase ended, there

mobilization also arose from the increase in creatinine in all of

was a significant increase in ADG in groups 2 and 3 (p<0.05)

the groups during feed restriction22. Creatinine is the end

but not in group 1. The large increase in ADG in groups 2 and

product of phosphocreatine breakdown and muscle

3 showed that there was compensatory growth26,27. The

creatine catabolism. Under normal metabolism conditions,

recovery stage after refeeding was associated with a high lipid

phosphocreatine, a molecule of energy reserve, spontaneously

turnover and an increase in the lipolytic rate21,28, there was also

undergoes a cycle to become creatine and inorganic

a constant indication of high NEFA and albumin in the three

phosphor as energy reserves in tissues. Creatine decomposes

groups, with no differences among the groups (p>0.05). The

to form creatinine and systemic concentration of creatinine is

results of this study were in accordance with the refeeding

related to weight and muscle mass. The increase in creatinine

phenomenon observed in Kamphaengsaen cows21. The high

concentration during feed restriction in all of the experiment

energy needs associated with recovery in addition to high

groups was in accordance with the results of feed restriction

lipid turnover, led to high utilization of glucose, as a result, the

in Belgian Blue Bulls11,13,23. The increase in creatine

glucose rate never returned to baseline in any of the groups,

concentration occurred because of the loss of muscle mass

even after the 60 days refeeding period. The glucose rate

and protein catabolism13 to meet energy needs22. Due to the

started increasing significantly in all of the groups but never

increase in energy needs as a result of low feed intake,

returned to baseline (p<0.05). Group 2 was the lowest among

creatine phosphorylation occurred in the muscle. Creatine

the groups (p<0.05), perhaps because of the low catabolism

produced in the liver, kidneys and pancreas was transported

of labile protein reserves in the body in group 2. Therefore,

to the muscles to be metabolized. It was then converted to

high lipolysis was a phenomenon found at refeeding28. The

creatinine, as indicated by the creatinine increase in the

results of this study were in accordance with NEFA increasing

blood22 and excreted as a calorie source14, as indicated by the

after refeeding, as reported in Kamphaengsaen cows21. In

BUN increase as a result of the glucose deficit. The BUN rates

bulls, it was reported that NEFA decreased to close to baseline

in the three groups were not different during the restriction

after 31 days refeeding29 or 8 days13. The high rate of NEFA

phase (p>0.05), although a tendency was found in BUN to be

after refeeding was also reported in Kamphaengsaen cows21,

less than baseline in group 2, whereas, the glucose rate of

apparently because of the high uptake of NEFA by peripheral

group 2 was the highest among the groups (p<0.05) (Fig. 1l).

tissue. Albumin as a NEFA carrier also increased29,30-32. The

This outcome might have been caused by the tendency

increase in albumin as a NEFA carrier also indicated the use of

toward low catabolism of labile protein reserves in the body

body protein reserves to fulfill energy needs13. A similar result

in group 2. The ruminants in group 2 tended to avoid protein

was reported in cows33.

degradation from hypoglycemia. In contrast, groups 1 and 3

The time for NEFA to return to close to baseline differs
depending on the treatment, species and efficiency rate of
energy use at the beginning of refeeding due to low needs for
energy maintenance during refeeding13. The effect of thyroid
hormone as a lipolytic hormone11 seemed to be ignored while
NEFA was elevated, since the differences in T3 and T4 were
less than baseline despite having passed the refeeding
phase. Nonetheless, it effected triglyceride since T3 was
positively correlated with triglyceride (r = 0.69252, p<0.05)
and T4 was negatively correlated with triglyceride
(r = -0.76241, p<0.05).

increased protein degradation to boost gluconeogenesis
mechanism. The difference in these two important
metabolites in the metabolism of the three groups was caused
by a difference in ketogenesis. The presence of ketones from
the ketogenesis process increased the speed of protein
degradation, causing gluconeogenesis to decelerate14,24 in
groups 1 and 2. The real role of thyroid hormone in these
goats was not in lipolysis but in efforts to increase the density
of the kidneys, liver and cardiac ventricles by T3 hormone. This
hormone also induced the relaxation of blood vessels, by
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This result was in accordance with that in Belgian Blue

BUN during the refeeding phase also demonstrated a high

11

Bulls . The decrease in T3 at the end of the restriction and

synthesis mechanism in the liver as a result of ammonia

refeeding phases in this study indicated a decrease in

production by microbes in the rumen, amino acid degradation

13

in the liver11 because of high mobilization of proteins or

34

for maintenance . Similar results have been reported in

increased protein/nitrogen intake after refeeding13, whether

mice35, cows13,36 and Suffolk-cross goats37.

from feed concentrate or green feed (leaf fodder).

metabolic activity , which occurred to decrease energy needs

The HDL rate remained high, while in contrast, the
CONCLUSION

triglyceride rate remained less than baseline and was exported
as LDL, which also remained high and there were no
differences among the three groups in the three metabolites

In response to 50% feed restriction of dry fodder, the

(p>0.05). The low rate of triglyceride after refeeding showed

goats tended to use ketones as sources of energy by reducing

that the gluconeogenesis process continued regardless the

the degradation of protein during the restriction phase, while

availability of amino acids in the body in the goats and led to

the responses to 40 and 60% restriction occurred in the form

36

in all of the experiment groups. The hepatocyte

of breaking down high protein levels. The response to

speed of the goats in secreting triglyceride from the synthesis

refeeding was due to the continuation of lipolysis and protein

of NEFA remained low 25% lower than that in mice-causing

degradation tended to increase.

cytosis

the triglyceride difference to be small during the refeeding
phase19,20. In contrast, the high HDL and LDL at the end of
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