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ABSTRACT

An experimental study was carried out to evaluate the implication of early fattening of Kejobong
goats by improving feeding quality on methane production and meat production. Sixteen goats (8
young and 8 mature) were raised for 4 months study period. Nested design was used in this study, with
young and mature as a nest factor, and diet (G7C3: 70% grass and 30% concentrate and G3C7: 30%
grass and 70% concentrate) as the treatments. The main parameters observed were DMI, BWG, carcass
(CWQG) and meat weight gain (MWG), and methane emission. The results showed, the young goat fed
G3C7 was higher than that fed G7C3 in DMI. The BWG’s of goats fed G3C7 were higher than those
fed G7C3, but there was no difference between ages in BWG. The FCR of young goat fed G3C7 was
lower than that fed G7C3. The DMI of mature goat was higher than young goat, but there were no dif-
ferences between the ages in DM digestibility, carcass weight and meat weight gain. The young and
mature goats fed G3C7 was significantly lower than that of G7C3 in methane emissions per unit of
BWG (0.28 vs 0.40 and 0.36 vs 0.53, respectively), in methane emissions per unit CWG (0.60 vs 0.93
and 0.79 vs 1.47, respectively), and methane emission per unit MWG (0.89 vs 1.42 and 1.16 vs 2.19,
respectively). It can be concluded that fattening young Kejobong goats by improving feed quality is
more environmentally friendly than fattening the mature ones.
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INTRODUCTION uted a significant amount of methane to global

warming (Jiao et al., 2014; Gerber et al., 2013)

The world population was predicted to reach
9.7 billion by 2050 (UN, 2015; O’Mara, 2012),
and it will increase global demand for livestock
products about 70% or almost double in devel-
oping countries (FAO, 2009). This condition
cannot be solved by increasing in livestock pop-
ulation due to the limitation of the global agri-
cultural land area (O’Mara, 2012), and by the
consideration that the livestock industry contrib-

that has a negative impact on feed utilization and
livestock productivity (Makuvaro et al., 2018;
Marino et al., 2016).

Many studies on reducing methane produc-
tion from livestock while keeping animal pro-
duction have been carried out for decades from
manipulating rumen condition, increasing feed
utilization, improving herd management includ-
ing breed quality and it’s related to a specific
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condition of the animal, to environmental impact
as well as climate change (Zucalli et al., 2020;
Marino et al., 2016; Waghorn and Hegarty,
2011). Environmental Protection Agency (EPA,
2005) recommended that improving livestock
productivity, so that less methane is emitted per
unit of product, is the most promising and cost-
effective technique for reducing emission is an
applicable strategy in mitigating methane pro-
duction. This has been proved by some studies in
England and New Zealand that reported a reduc-
tion in GHG emission without a reduction in
livestock population (Webb et al., 2014; Adler et
al., 2013). The most applicable feeding method
to achieve livestock production is by appropriate
proportion among roughage and concentrate ra-
tio (Chandramoni et al., 1999).

Another approach on mitigation in climate is
Life Cycle Assessment (LCA) based on the flow
of the entire production process (LEAP, 2014).
By using this concept, the raw material in meat
animal production is fattening animals and
slaughters them at young ages. Therefore, the
reduction on methane emission from meat ani-
mals could be achieved by early fattening meth-
od using young animal due to its accelerated
growth (Wyngaard et al., 2018), and it must also
consider on carcass and meat production
(Nardone et al., 2010) which has an economic
impact. Previous studies reported that early fat-
tening on lamb could reduce 10 months raising
period to obtain market body weight, reduce me-
thane emissions for about 38% (Purnomoadi,
2018), as well as N emissions for about 41%
(Prima et al., 2019) compared to conventional
raising system.

Goats are expected to be the future livestock,
especially local goats. It is due to goats have a
shorter rumen retention time than sheep and oth-
er ruminants (Tsiplakou et al., 2011), causing
goats to be more efficient in utilizing feed for
growth and produce less methane (Opio et al.,
2013; Wang et al., 2016, Darcan and Silanikove,
2017; Teklebrhan et al., 2019). Therefore, goats
are expected to be able to achieve high produc-
tivity and more responsive to mitigating global
warming.

One of local goats in Indonesia is Kejobong
goat (Lestari et al., 2018), that raised by farmers
for meat production. The goat is generally fed
merely with grass. When it gets mature, it is fat-
tened by supplementing feed with concentrate at
the amount of 30% of total diet. This study was
aimed to evaluate the implication of early fatten-
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ing of Kejobong goats by improving feeding
quality on meat production and methane emis-
sion.

MATERIALS AND METHODS

Experimental Animal and Diet

This study used 24 male Kejobong goats,
consisted of 12 young (5 months old, 14.03 +
1.46 kg) and 12 mature (9 months old, 22.32 +
1.99 kg). Each four young and mature goats were
slaughtered in the initial stage of the study as
preliminary data of carcass and meat weight.
Then, the other 16 heads of Kejobong goats (8
young and 8 mature) were raised for 4 months
study period. The goats were placed in individual
cage and the diets were formed into pellet given
ad libitum as well as freshwater. Before the
study, goats were dewormed to eliminate internal
parasites. They fed diet consisted of tall grass
(Panicum muticum) and concentrate which was
composed from molasses (6%) rice bran (42%),
soybean meal (45%), cassava (6%) and minerals
(1%).

Experimental Design

This study used nested experimental design,
with age (young and mature Kejobong goats) as
the nest factor and diet as the treatment. There
were 2 diet treatments implemented, i.e. G7C3
(grass and concentrate ratio was 70:30) and
G3C7 (grass and concentrate ratio was 30:70).
The compositions of the feed ingredients and its
composition are shown in Table 1. There were 4
treatment combinations, ie. Y-G7C3 (young
Kejobong goat fed 70% grass + 30% concen-
trate); Y-G3C7 (young Kejobong goat fed 30%
grass + 70% concentrate); M-G7C3 (mature Ke-
jobong goat fed 70% grass + 30% concentrate);
M-G3C7 (mature Kejobong goat fed 30% grass
+ 70% concentrate).

Procedures

The experiment was conducted in three peri-
ods, i.e. adaptation period (4 weeks), preliminary
period (7 days) and data collection period (15
weeks), including 7 days digestion and metabo-
lism trials and 3 days methane production meas-
urements.

At the end of the experiments (week 15), the
goats were slaughtered to obtain carcass and
meat production after the data collection period.
The slaughter method was done by following the
halal method. The head and shank were severed
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Table 1. The ingredient and chemical composition of the diet (DM basis)

G7C3 G3C7
Feed ingredients . V0 e
Tall Grass (Panicum muticum) 70 30
Concentrate feed 30 70
Nutrient Composition
Dry Matter# 79.1 71.4
Crude Protein 10 14.7
Ether Extract 1.7 2.1
Crude Fiber 29.9 25.7
Nitrogen Free Extracts 46.7 448
Ash 11.7 12.7
64 69.7

Total Digestible Nutrients##

# DM value is as Fed (%), ## TDN value observed from digestion trials

and the carcass eviscerated by cutting around the
vent to remove all the viscera. The empty carcass
was weighted to obtain the carcass weight. The
carcass was kept in a cooler for 5 h at 14°C. The
cold carcass was weighed and separated for
meat, bones and fat.

Parameters Measured
Parameters measured in this study were dry
matter intake (DMI), dry matter digestibility

(DMD), digestible dry matter intake (DDMI),
body weight gain (BWG), feed conversion ratio

(FCR), carcass weight gain (CWG), meat weight
gain (MWG), methane emission, methane
emission/DMI, methane emission/BWG,
methane emission/CWG, methane emission/
MWG. Dry matter intake was measured daily by

weighing the feed given and the residuals. DM
digestibility was measured by 7-d total collection
method in week 13. The DDMI was calculated
by multiplying the DM digestibility to the DMI.
Body weight was measured every week during
the treatment period. BWG was calculated from
the final body weight (BW) and the initial BW
and then divided by the length of observation.
FCR was calculated by dividing the DMI and
BWG.

The carcass and meat percentage were calcu-
lated by dividing the carcass or meat weight by
slaughter weight. The daily carcass weight gain
(CWG) and meat weight gain (MWG) were ob-
tained by calculating the difference between the
weight of carcass and meat weight after being

raised and the weight of carcass and meat of goat
slaughtered at the beginning of the study, and
then divided by the length of observation.

Methane emission was obtained using face-
mask method established by Kawashima et al.
(2001) for two days in week 14. The mask was
connected to a methane analyzer (Horiba Ltd.,
Japan) equipped with airflow meter to measure
gas volume (Liter) to calculate total methane pro-
duction. The data of methane emission was rec-
orded automatically by IBM PC for 10 minutes
at 3 hours intervals. The methane volume ob-
tained was converted into gram units by conver-
sion factor 1 liter of CH4 equals to 0.714 g
(Brouwer, 1965).

Statistical analysis

The data obtained were analyzed using analy-
sis of variance recommended by Gomez and
Gomez (1984) using Microsoft Excel.

RESULTS AND DISCUSSION

Feed Intake and Digestibility

The young goat was significantly lower
(P<0.01) than the mature goat in DMI (674 vs
908 g/d). The lower DMI of the young goat com-
pared to the mature was attributed of fact that the
body weight of the young goat (17.6 kg) was
lower than that of the mature goat (26.3 kg).
Body weight has consequence to the gut capacity
of the animal, the bigger the animal the larger the
gut capacity. This result was confirmed by previ-
ous studies (Fernandez et al., 2018; Dida et al.,
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2019) that body weight is one of the factors that
influence DMI. Feed intake is influenced by gut
capacity, which in turn is a function of body
weight. Animals of higher body weight have
higher gut capacity, so that they are able to con-
sume a higher amount of feed (Ali et al., 1990;
Belanche et al., 2020).

However, when DMI was calculated in the
percentage of body weight, the DMI of the
young (3.96%) was higher (P<0.05) than that of
the mature goat (3.53%). This phenomenon was
addressed to the growth rate and metabolism rate
of the young goat being higher than those of the
mature goat, so that the young goat required
more nutrients per body weight unit. This result
was in agreement with the statement of Kearl
(1982) that the young goat having 10-15 kg BW
could consume 3.7% BW, while the mature goat
of 20-25 kg BW could only consume 3.1% BW.

The DMI of diet G3C7 (767 g/d) was higher

(P<0.01) than that of diet G7C3 (581 g/d) in the
young goat. The higher DMI of diet G3C7 in the
young goat can be attributed to the higher digest-
ibility of this diets as compared to diet G7C3
(Table 2). Meanwhile, there was no significant
difference (P>0.05) between diets in DMI of the
mature goat (averaged 908 g/d). This may be
attributed to fact that the growth rate of the ma-
ture goat had been slowing down and approach-
ing its maximum cell capacity, so that the nutri-
ent requirement was relatively low, resulting in a
low feed intake. This, in turn, caused the differ-
ent nutrient content between the diets not to af-
fect DML

There was no significant difference (P>0.05)
between ages of goat in DM digestibility
(averaged 68.7%). The similarity of DM digesti-
bility in both ages of goats (Table 2) indicated
that the digestive tract of the young had well de-
veloped, so that the young was able to digest the

Table 2. The effect of different age and feed quality on Kejobong goat’s productivity

Diet
Parameter Age of goat G703 G3C7 Age average
Dry matter intake, g/d Young 581% 767" 674%
Mature 872 943 908"
Dry matter intake, % BW Young 3.86 4.05 3.96Y
Mature 3.48 3.57 3.53%
Dry matter digestibility, % Young 66.5" 71.1° 68.8
Mature 64* 73" 68.5
Digestible dry matter intake, g/d Young 386" 545" 465%
Mature 557° 688° 623"
Body weight gain, g/d Young 55.8" 91.5% 80
Mature 61.6% 98.4 " 73.7
Feed conversion ratio Young 10.5" 8.40" 9.44%
Mature 14.8 9.78 12.3Y
Carcass weight gain, g/d Young 24.1* 43.7° 339
Mature 22.5% 44.9° 33.7
Meat weight gain, g/d Young 15.8° 29.1° 224
Mature 15.2% 30.4° 22.8

2b3%Y Means in the same row or column with different superscripts differ (P<0.05)
AB:XY Means in the same row or column with different superscripts differ (P<0.01)
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feed as well as the mature goat did. The result of
this study was in agreement with the finding of
Prima et al. (2018) that digesting ability of the
lamb aged 4 months was similar to that of the
ram aged 12 months.

Dry matter digestibility of diet G3C7 was
significantly higher (P<0.05) than that of diet
G7C3 (Table 2), both in the young and the ma-
ture goats. This was attributed to the fact that
diet G3C7 had lower crude fiber (CF) and higher
crude protein (CP) content than did diet G7C3.
Dietary CF content influences its digestibility;
the higher the CF content of the diet the lower
the digestibility. The existence of CF in the diet
was accompanied lignin, the higher the CF con-
tent the higher the lignin concentration. The ex-
istence of lignin compounded other nutrients
such as protein, so that it reduces digestibility.
On the other hand, the higher CP content in diet
G3C7 led to high microbial protein growth rate
and increased the intensity of nutrient digestion
in the rumen (Atti et al., 2004; Askar et al. 2016;
Tadesse et al., 2016; Dida et al., 2019). Subse-
quently, nutrient digestion in the intestine in-
creased.

The DDMI (g/d) of the young goat (465 g/d)
was significantly lower (P<0.01) than that of the
mature goat (623 g/d). This result was attributed
to the fact that DMI of the young goat was lower
than that of the mature goat, while DM digesti-
bility of the both ages of goat was similar. The
result of this study was in agreement with the
finding of Prima et a/. (2018) that different DMI
accompanied by similar DM digestibility result-
ed in different DDMI.

The DDMI of the goat fed diet G3C7 was
higher than that fed G7C3, both in the young
(P<0.01) and in the mature goats (P<0.05), as
presented in Table 2. This could be attributed to
the DMI and DM digestibility of diet G3C7 be-
ing higher than that of diet G7C3. As discussed
above, the amount of DMI and the percentage of
DM digestibility influenced the amount of
DDMIL. Dung et al. (2014) stated that higher con-
centrate level in feed resulted in higher amount
of nutrient that can be digested.

Body Weight, Carcass Weight and Meat
Weight Gain

In spite of the fact that the body weight of the
young goat was lighter than that of the mature
goat, there was no significant difference
(P>0.05) between the ages of goats in BWG
(averaged 76.9 g/d). The non-significant differ-

ence was caused by the fact that the young goat
was in exponential growing stage, while the
growth rate of mature goat was starting to de-
cline. Diet G3C7 resulted in a significantly high-
er BWG (P<0.01) than did diet G7C3, both in the
young and mature goats (Table 2). This was at-
tributed to the higher DMI, DM digestibility and
DDMI of diet G3C7 being higher than that of its
counterpart. The similar growth rate between the
two ages of goat, along with lower DMI of young
goat, resulted in a significantly lower FCR
(P<0.01) in the young goat as compared to that in
the mature goat (Table 2). The lower FCR in
young goat than mature goat caused by the young
goat consumed less DMI but have higher BWG
than mature goat.

The FCR of diet G3C7 was significantly low-
er (P<0.01) than that of diet G7C3 in the young
goat (Table 2). This result indicated that improv-
ing feeding quality by including more concen-
trate in the diet improved FCR in Kejobong
young goats. However, there was no significant
difference (P>0.05) in FCR between the two di-
ets in the mature goat. The young goat was in
the accelerated growth phase, so that it had high
metabolism rate and metabolize nutrients rapidly.
This caused the difference of feed digestibility to
result in high difference of nutrients utilization.
On the other hand, the non-significant difference
between the two diets in the mature goat was due
to the low metabolism rate low growth rate of the
mature goat, resulting in low utilization of nutri-
ents, so that the difference in digestibility be-
tween the diets did not significantly affect the
efficiency of nutrient utilization in the body.
This result was in agreement with the study of
Haddad (2005) who found that 70% concentrate
feeding in the combination with grass decreased
FCR value by 2.2 points compared to the diet
with 40% concentrate.

There was no significant difference (P>0.05)
between the young and the mature goats in CWG
and MWG (averaged 33.8 and 22.6 g/d, respec-
tively). On the other hand, diet G3C7 resulted in
higher CWG and MWG than diet G7C3 (Table
2), both in the young goat (P<0.05) and in the
mature goat (P<0.01). These were attributed to
the fact that BWG of the goats fed diet G3C7
was higher than that diet G7C3. The carcass and
meat production are the functions of body
weight; carcass and meat weight increase with
body weight of the animal.

Diet G3C7 resulted in higher CWG and
MWG than diet G7C3 in the young goat (P<0.05)
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Table 3. The effect of different age and feed quality on methane emissions and methane emissions per unit

product
Parameter Age of goat Diet Age average
G7C3 G3C7

CH,, g/d Young 21.8 26.1 24%
Mature 32.1 34.4 33.3Y

CH, g/kg DMI Young 32.4 31.2 31.8
Mature 33.6 334 33.5

CH, g/g BWG Young 0.40° 0.28" 0.34%
Mature 0.53% 0.36" 0.45"

CH, g/g CWG Young 0.93" 0.60* 0.77¢
Mature 1.47° 0.79° 1.13Y

CH, g/lg MWG Young 1.42° 0.89° 1.16
Mature 2.19° 1.16* 1.68"

2P:%Y Means in the same row or column with different superscripts differ (P<0.05)
AB:XY Means in the same row or column with different superscripts differ (P<0.01)

and in the mature goat (P<0.01), as presented in
Table 2. This result was attributed to the effect of
higher concentrate inclusion in the diet G3C7.
Having higher DDMI, diet G3C7 supplied more
amounts of nutrients available for production
than diet G7C3. This study confirmed the finding
of Brand et al. (2019), Brand et al. (2017), and
Abubakr et al. (2013) that diets with high feed
quality had higher nutrients digestibility (%),
causing more nutrients to be absorbed, and sup-
port higher BWG.

Methane Emission and Its Relative to Ani-
mal’s Production

The methane emission in the young goat a
significantly lower (P<0.05) than that in the ma-
ture goat (Table 3). This may be attributed to
DMI of the young goat being lower than that of
the mature goat (Table2). DMI is highly correlat-
ed to CH4 production, and it can be used as a
single variable to predict CH; emission
(Nkrumah et al., 2006, Ellis et al., 2007; Shibata
and Terada, 2010).

The methane emission from the goats fed
G7C3 and G3C7 was not significantly different
(P>0.05) in both ages (averaged 28.6 g CH4/d).
There was no significant difference (P>0.05)
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either between the ages of goat or between diets
in methane emission per unit DMI (averaged
32.65 g/kg DMI; see Table 3). This indicated that
the fermentation rates of the diets were similar
due to similar passage rate resulted of pelleted
form that were ground in similar ground size
(Ramirez Ramirez et al., 2016; Huhtanen et al.,
2016).

There was significant difference between the
young and the mature goats in methane emission
per BWG (P<0.01), CWG and MWG (P<0.01)
(Table 3). The methane emissions per unit BWG,
CWG and MWG in the young goat were lower
than those in the mature goat. This was because
the growth rate of young goats was in accelerated
phase, so that it produced BWG, CWG and
MWG as much as the mature goats, while DMI
of the young goat was lower, resulting a lower
methane emission, than that in the mature goat.
Therefore, in term of methane emission, the
young goat was more environmentally cost effec-
tive than the mature goats. It was parallel with
the findings of Porsavathdy et al. (2017) that the
higher productivity can reduce methane emis-
sion.

The goat fed diet G3C7 had significantly low-
er methane emission per unit of BWG (P<0.01),
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Table 3. The effect of different age and feed quality on methane emissions and methane emissions per unit

product
Diet
Parameters Age of goat G703 G3CT Age average
CH4, g/d Young 21.8 26.1 24%
Mature 32.1 34.4 33.3Y
CH4 g/kg DMI Young 324 31.2 31.8
Mature 33.6 33.4 33.5
CH4 g/g BWG Young 0.40° 0.28° 0.34%
Mature 0.53" 0.36" 0.45"
CH4 g/g CWG Young 0.93% 0.60" 0.77*
Mature 1.47° 0.79* 1.13
CH4 g/g MWG Young 1.42° 0.89" 1.16°
Mature 2.19° 1.16° 1.68”

a5:XY Means in the same row or column with different superscripts differ (P<0.05)
AB:XY Means in the same row or column with different superscripts differ (P<0.01)

per unit of CWG (P<0.05), and per unit of MWG
(P<0.05), both in the young and the mature goats
(Table 3). The low methane emission per unit of

BWG, CWG and MWG in the goat fed diet
G3C7 young goat were due to the diet G3C7 had
higher digestibility, which resulted in higher
amount of nutrients available for production,
compared to diet G7C3. This, in turn, led the
methane emission per unit product of the goat
fed diet G3C7 to be lower than that fed diet
G7C3. This result was in agreement with the
statement of Waghorn and Hegarty (2011) and

Marino et al. (2016) that high feed quality can
reduce methane emission per unit of product.

The results of this study were then used to
compare the conventional fattening system (that
is practically done in the rural area; using mature
animal and low quality of feed) to early fattening
system (using young animal and high quality of
feed) based on the approach of Life Cycle As-
sessment (LCA) concept. The diet used in con-
ventional fattening program was G7C3
(represent low quality diet), while the diet in ear-
ly fattening program used G3C7 (represent high
quality diet). The conventional fattening program
required 420 days to reach a slaughter body
weight with total methane emission about 13,482

g/head. In comparison, the early fattening pro-
gram required 330 days to reach slaughter body
weight with total methane emissions of about
8,613 g methane per head. Therefore, the early
fattening system could save 3 months for provid-
ing the stocker animals for fattening may contrib-
ute an economically benefit through faster rapid
capital turnover, and reduced methane production
by 4,869 g per head, or equal to 36.1%.

CONCLUSION

The early fattening program of the young Ke-
jobong goat using high quality feed is less time
consuming and more environmentally friendly, in
comparison to the conventional fattening pro-
gram. The early fattening program could save 3
months rearing time and increase benefit through
rapid capital turnover and reduce methane emis-
sion by 4,869 g per head (36.1%), in comparison
to the conventional fattening program.
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