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Abstract: Palm manufacture industry has produced many kinds of by products which can potentially be a
feedstuffs such as Palm Kernel Cake (PKC), Palm Qil Sludge (POS) and Palm Press Fiber (PPF). From the
whole result of production, only 40% of products from palm which can be used for human’s consumption,
while 60% is the by product which can potentially be feedstuffs. In 2008, the area of palm plantation in
Indonesia reaches 7.3 millions of Ha with the production reaches 19.2 millions of ton and on 2009, the area
of palm reaches 7.9 million of Ha with the production of 19.4 millions of ton (PTPN, 2009). From those
productions above, the potential of by product of palm manufacture industry which will be produced and used
as feedstuffs is really big. The aim of the research was conducted rumen’s fluid characteristics of ettawa
goat given ration by paocducts of palm industry. The matter used on this experiment was by products of palm
industry which consists of PKC, POS and PPF which can be formulated in a complete ration with different
composition in forage 60% and 40% concentrate. Substrate of complete ration which will be evaluated in in-
vitro analysis, was made in the form of flour and the making of medium liquid which consist of macro
mineral, micro mineral, resazurin, buffer and Reducing Agent (RA) was pointed to the method of Theodorou
and Brooks (1990). The measured variable is the characteristic of rumen’s fluid including total production
of gas, pH, rumen’s bacteria, NHs and VFA throughout 48 h of incubation. The result of experiment showed
that the use of by products of palm industry formulated in a complete ration produce the characteristic of
rumen’s liquid which still complete the standard, concerned from pH (6.44), total gas production (87.00 ml),
the amount of bacteria colony (5.02 x 10° cfu/ml), NHs (74 mg/l) and VFA (81.68 mM). From the whole
parameter above, it can be concluded that the by product of palm industry can be used as feedstuffs and

have a big potential to replace substance of conventional ration which is normally used.
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INTRODUCTION

One of new resource which is very potential to be
feedstuffs is by product of palm manufacture industry
which consist of Palm Kernel Cake (PKC), Palm Oil
Sludge (POS) and Palm Fiber (PF) (Kamaruddin, 2006;
Mathius, 2008). The total amount of by product can reach
60% from total production/Ha. If 1 Ha of palm produced
16 tons of bunch press and every ton of TBS (bunches)
produced 294 kg of sludge, 35 kg of palm kernel cake
and 180 kg of fiber, then the total production of the three
by products for each Ha is 1.132 kg of POS, 514 kg of
palm kernel cake and 2.681 kg of PPF.

These three by products produced by palm industry
above is qualified as ruminant feedstuffs because the
three substances meet the criteria as non conventional
feedstuffs, such as having a lot of availability, having no
compete with human’s need and lower price. Besides
that, the three side products of palm manufacture
industry will keep increasing as well as the increasing of
the wide area for palm plantation (20%/year, Luthan,
2008) so the effort was needed to continually optimize

that resource and give additional amount for palm
plantation and the development of animal husbandry.
Indonesia was the second biggest country after Malaysia
for the area of palm plantation. With the wide area of
palm plantation in Indonesia which reached 6.07 million
Ha and palm production of 16 million tons (Luthan,
2008), so the amount of by product of palm manufacture
which will be produced, was the big source for feedstuffs
and will be the biggest problem if it wasn't handled
properly. One of the way to solve the problem is by
benefitted the livestock, especially the ruminant livestock
as a life machine to produce a quality side products.
From these three by products of palm manufacture
industry above, palm kernel cake had the highest quality
of by product and would be feedstuffs because of its
high biologic value. The high biologic value was marked
by digestibility energy and dry matter which nearly the
same with coconut meal, soybean meal and peanut
meal and even higher than wheat brain and fish meal.
PKC had been used widely on livestock diets as protein
replacement to replace conventional protein resource on
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the different level (Onwudike, 1996). Loh et al. (2002)
reported that the give of 15-25% BIS gives no significant
difference against growth, consumption and livestock's
weight. Despite the content of protein in palm kernel
cake which is lower than another protein source of diets,
the quality of protein was relatively better. Some
researcher found out that palm kernel cake can be used
almost 30% in ration of dairy cattle lactation which can
fulfill the need of energy and the protein of cattle
(Orunmuyi ef af., 2006).

The other by products of palm industry (PPF and POS)
had also been researched quite a lot as rations. POS
had a high content fiber protein and can be used as
livestock ration but its low content of energy reflected its
low quality other than PKC. As well as PPF, where its
utilization as feedstuffs was constrained by the low fiber
protein content and the high content of rough fiber,
especially the component of lignin and cellulose fiber.
The research about the utilization of these three by
products of palm industry, formulated in a complete
ration of feedstuffs, was still limited. The research was
more done by utilized that by product singly in rations.
Whereas these three products were a single unit of by
product derived from palm factory which can be utilized
simultanecusly by integrating the livestock.

Despite that it can prevent from bad effect of some by
products which still got a nature of waste that can bother
the environment around the factory, this research will
also gives a double benefits. First is the integration
between animal and palm industry will be built by utilized
the by product derived from palm factory and second is
the economical profit which can be shared by both side
(factory and breeder around the factory).

MATERIALS AND METHODS

On this research, some by products of palm
manufacture industry (Palm Kernel Cake - PKC, Palm
Press Fiber - PPF and Palm Qil Sludge - POS) were
formulated in a complete ration which afterwards will be
continued by in-vifro analysis. The aim of this research
was to get the best formulation from the complete ration
which consist of many by products of palm industry
determined by digestion and rumen’s liquid
characteristic.

This research used Completely Randomized Design
(CRD) with the ftreatment of 4 kinds of ration
formulations consist of palm manufacture by products
with 5 replications. The composition and the content of
nutrient as feedstuff for ration’s composer and treatment
ration can be seen in Table 1.

The data obtained was analyzed using analysis of varian
(anava) followed by Steel and Torre (1991), whereas the
different between each treatment was tested with
Duncan’s Multiple Range Test (DMRT).

The measured parameter was rumen’s liquid
characteristic including the production of total gas,
pH, bacteria colony, VFA content on rumen’'s liquid
measured by gas chromatography and wvapour

Table 1: The composition and nutrient content of in-witro trial
ration (%)

Farmulation of treatment ration (%)

Feedstuffs A B C D
Rhougage 60.00 60.00 60.00 60.00
PKC 10.00 12.00 14.00 16.00
POS 8.00 6.00 4.00 2.00
PPF 2.00 2.00 2.00 2.00
Polard 2.00 2.00 2.00 2.00
Coconut meal 9.20 9.20 9.20 9.20
Comn 8.00 8.00 8.00 8.00
Urea 0.40 0.40 0.40 0.40
Salt 0.20 0.20 0.20 0.20
Mineral 0.20 0.20 0.20 0.20
Percent (%) 100.00 100.00 100.00 100.00
Nutrition content

Dry matter (%) 48.28 48.31 48.34 48.37
Crude protein (%) 11.68 11.79 11.86 12.00
Crude fiber (%) 26.66 26.98 27.31 27.64
Crude fat (%) 4.33 4.01 3.69 3.37
TDN (%) 67.10 67.48 67.89 68.29

distillation, NHa content measured by using Conway
method and ration's digestibility with NHa.

The procedure of /n-vitro analysis: The rumen’s liquid
used was from the Ettawa goat where the research was
conducted in Ruminant Laboratory Center for Animal
Research (BPT), Ciawi Bogor. The sample research
was 4 complete ration formulations which made in form
of flour, then as much as 1 gram was taken and put into
in-vifro bottles. Inside the in-vifro bottles, there will be
added medium solution consist of micro mineral, macro
mineral, resazurin, buffer, reducing agent and distillation
water, which will be given COq after.

The in-vitro bottles then will be kept on coolant room
during 24 h, warmed in water bath about 15 min and
put into rumen’s liquid of Ettawa goat as much as 10 ml,
added with the reduction liquid and kept in water bath
during 48 h. The measuring of gas production was done
every 6 h and after the incubation of 48 h, the measuring
was done towards the research parameter such as pH,
total bacteria colony, NHs content and VFA.

The pH measuring was done by using pH-meter which
had been calibrated using standard pH and the count of
the total bacteria colony was done by using the
procedure of Oghimoto and Imai {1980) where the
calculation of NHa: content was done by using the
method of Conway and Chromatography Gas (CG) to
measure VFA content.

RESULTS

Total gas production: The total production of gas from
each formulation of treatment ration is presented in
Table 2.

From Table 2, it can bhe observed that the total gas
production during 48 h of incubation was revolved
between 93.30-99.90 ml. The average of gas production
in first 6th h incubation is 32.92% from total gas
production.
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Table 2: Total gas production from each formulation of treatment
ration {ml)

Table 5: The availability of N-NHz on rumen’s liquid from each
formulation of ration’s treatment

Gas production

First 6th h incubation Total gas
Treatment production
ration Total gas Percentage (%) {48 h)
A 29.60 2717 95.70
B 38.87 38.91 99.90
Cc 20.40 31.51 93.30
D 33.07 34.09 97.00
Table 3: The acidity (pH) from each ration's formulation

treatment

Treatment ration
Replication A B | D
1 6.60 6.44 6.42 6.44
2 6.60 6.44 6.49 6.45
3 6.72 6.46 6.44 6.42
4 6.60 6.50 6.47 6.45
5 6.62 6.42 6.42 6.46
Average 6.62 6.45 6.45 6.44

Table 4: The influence of treatment to rumen’s bacteria (x10°
cfuiml)
Rumen’s bacteria of treatment ration (x10° cfu/ml)

Replication A B C D

1 1.60 3.20 4.70 510
2 2.90 2.80 410 510
3 0.80 5.30 4.50 5.00
4 2.70 260 4.30 5.90
5 2.20 3.30 4.60 4.00
Average 2.04° 3.64° 4 44" 5.02°

Difference superscript showed significant difference (p<0.05)

pH of rumen’s Liquid: The acidity (pH) of rumen’s liquid
from each ration’s formulation is presented in Table 3.
The statistic analysis showed that ration’s formulation
didn’t produce significant difference (p=>0.05) towards pH
of rumen’s liquid and the pH produced was in normal
turn. The average of pH rumen’s fluid is about 6.44-6.62
(Table 3).

Rumen’s bacteria: The result of research about rumen’s
bacteria is presented in Table 4.

The result of statistic analysis showed that the amount
of bacteria colony on ration’s treatment showed
significant difference (p<0.05) and D treatment got
higher amount of bacteria colony compared to other
treatments. The average amount of rumen’'s bacteria
colony from the research result was about 2.04-5.02 x
10° cfu/ml which was a general amount of rumen’'s
microbe obtained from ruminant livestock (MC Donald ef
al., 1990).

NHs-N: The result of the research about the availability of
N-NHs on rumen’s liquid is presented in Table 5.

Treatment ration Availability of N-NHza rumen fluid {mg/L)

A 66.22
B 68.08
Cc 68.92
D 74.00

Table 6: The concentration of VFA of mumen’s liquid on
research’s result

Treatment ration VFA concentration (mM)

A 51.8%
B 5979
C 70.36%
D 81.68°

Difference superscript showed significant difference (p<0.05)

Table 7: Ration's digestibility and NHz

Treatment N-NHa Dry matter
ration concentration (mh) digestibility (%)
A 66.22 42.30

B 68.08 56.90

C 68.92 54.00

D 74.00 62.30

The statistic analysis showed that ration’s formulation
didn’t produce significant difference (p>0.05) towards
NHs-N of rumen’s liquid and the NHs-N produced was in
normal turn. The average of NHz-N rumen’s fluid about
66.22-74.00 mg/L (Table 5).

Volatile Fatty Acid (VFA): The concentration of Volatile
Fatty Acid (VFA) on rumen’s liquid is presented Table 6.
The statistic analysis showed that the treatment gave
significant difference (p<0.05) towards the VFA
concentration on rumen’s liquid where D treatment was
real (p>0.05) higher than other treatments.

Dry matter digestibility and NHs: The ration’s digestibility
and its relation to NHs concentration on rumen’s liquid is
presented in Table 7.

From Table 7, it can be concluded that concentration of
NHa on rumen’s liquid gave a positive influence towards
the dry matter's digestibility and organic matter of
treatment rations.

DISCUSSION

Total gas production: This result (Table 1) was not too
different from one obtained by Suharyono and Widiawati
(2007) who got the total production of gas as much as
101 ml by given multinutrient supplement ration towards
rumen’s ecosystem. This means that the ration given
consists of high enough protein and low rough fiber. The
high content of rough fiber usually produced a lot of gas
so that much ration energy got castaway (unutilized)
especially NH4 gas which caused green house effect
related to global warming. Added by Baker (1999) that
the gas produced throughout the fermentation was the
image of how big the ration’s energy that can’t be utilized
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was and disappeared through the air. Between all of the
ruminant livestock, cow produced almost 73% CHs
during the fermentation of ration process and was the
highest compared to other kinds of ruminant livestock
(US Environment Protection Agency, 1994).

Reversely, some researcher obtained a high gas
production as much as 167 ml (Suharyono and
Widiawati, 2007), through the give of rice straw and
concentrate.

pH of rumen’s liquid: Table 3 shows that pH rumen’s
fluid was in normal turn. This means that the rumen’s
microbe activity in the ration’s digestion process wasn’t
disturbed and the rumen’s microbe can act well. The
ration’s digestion process would he disturbed if the pH
of rumen’s liquid was below 6 (Chanjula et al., 2004).
Furthermore, it was explained that with pH 5 and 6, the
rumen’s microbe activity to digest ration would he
blocked, even stopped according to Orskov and Ryle
(1990) that pH less than 6.2 would block rumen’s
microbe growth significantly.

The pH value obtained from the research above showed
that rumen’s pH was on the good category for rumen’s
microbe activity where the average of normal pH for
rumen was revolve around 6-7 (France and Siddon,
1993) whereas the ideal pH for fiber digestion was 6.4-
6.8. The appropriate pH could help the bacteria
colonization in plant's cell wall and push the activity of
cellulose bacteria.

These results is not different with research of Sugoro ef
al. (2005) which obtained pH rumen fluid 6.35-6.56 in in-
vitro analysis and Uhl et a/. (2006) which obtained pH
rumen fluid about 6.15-6.85 while the livestock fed with
catalytic supplement’s ration.

Rumen’s bacteria: The result of statistic analysis on
rumen’s bacteria (Table 4) showed that the amount of
bacteria colony on ration’s treatment showed significant
difference (p<0.05) and D treatment got higher amount
of bacteria colony compared to other treatments. The
average amount of rumen’s bacteria colony from the
research result was about 2.04-5.02 x 10" cfu/ml which
was a general amount of rumen’s microbe obtained
from ruminant livestock (MC Donald et a/., 1995). The
performance of this high amount for rumen’s microbe
was related to ideal condition for rumen’s pH for the
activity of cellulolytic bacteria in rumen.

The performance of this high amount of microbe also
related to the availability of NHs rumen’s liquid which
was above 50 mg/l so that it won't be the barrier factor in
the growth of rumen’s microbe. The normal amount of
rumen’'s microbe was needed so that ration’s digestion
would run normally (Preston and Leng, 1987; Mc Donald
et al., 1995). Nasrullah et a/. (2002) added that enough
content of protein in ration was needed to support the
appropriate supply of ammonia for the life of rumen's
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microbe. The low protein in ration could lead to
insufficient availability of ammonia for the growth and
development of rumen’s microbe.

NHs-N: Relatively, it can be concluded that the availability
of N-NHsz on rumen’s liquid (Table 5) was about 66.22-
74.00 mM. which was the normal condition of NHs
availability on rumen’'s liquid and it was above the
minimum concentration of NHs needed for growth and
optimum bacteria’'s activity that was about 50 mg/L
(Preston and Lang, 1987). Furthermore, it will be
explained that rhe maximum limit of NHs concentration
for normal growth of microbe was as much as 150 mg/L.
More amount of NHz on rumen’s liquid showed that the
protein ration was easily degradated in rumen. The
increase of ammonia’s availability would give nitrogen’s
balance and good energy needed by rumen’s microbe
to grow.

According to Erwanto et al. (1993), NHz concentration on
rumen’s liquid also determined the efficiency of
microbe’'s protein synthesis which finally would
influence the result of organic ration’'s fermentation
formed of Volatile Fatty Acid (VFA) which was the main
energy source for ruminant livestock. Also added by
Winugroho and Maryati (1999) that the concentration of
NHs beyond 12 mM, the conversion process of NHato N
would be disturbed and if NHs was lower than 4 MM (low
condition of ration's protein), the degradation process
would also be disturbed. Whereas according to Satter
and Slytter (1994) ammonia concentration needed to
optimum growth for rumen’s microbe in in-vitro analysis
was 3.57 mM. If NH3 concentration lower than 1.41-2.83,
this condition will not support optimum growth for
rumen’s microbe (Haryanto ef af., 2005).

Volatile Fatty Acid {(VFA): The statistic analysis showed
that the treatment gave significant difference (p<0.05)
towards the VFA concentration on rumen’s liquid where
D treatment was real (p>0.05) higher than other
treatments. The high concentration of VFA on D
treatment was caused by the increase of fermentation
due to the increase of rumen’s microbe. This result
obtained was also in line with the increase of NHs
availability on rumen’s liquid so that microbe could grow
well and work, with the final result of VFA's availability
which was the energy source for microbe.

The average concentration of VFA according to research
result for those four treatment was 51.83-81.68 mM.
According to Mc Donald ef a/. (2002) that the normal
amount of VFA concentration on optimal rumen’s liquid
for microbe’s growth was 80-160 Mm, while according to
Preston and Leng (1987) that the minimum amount of
VFA on rumen’s liquid for microbial survival was 50 miv.

Dry matter digestibility and NHs: The increasing
concentration of NHa on rumen’s liquid gave a positive
influence towards the dry matter's digestibility and
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organic matter of treatment rations. This was related to
the fulfilment of NH: needs for protein synthesis by
microbe in rumen. Tillam et al. (1991) said that ration
with enough content of protein would supply nitrogen like
NHs microorganism and energy source which enough
for rumen’s microbe that will help the organic digestion
for normal running. Soeharyono et al. (2007) obtained
the same result with this research through the use fo
ration supplement UMMB. Also added that the increase
of VFA and ammonia would increase the digestibility of
dry matter and organic matter on ration.

Sutardi (1980) found that VFA produced by rumen’s fluid
on ration added with Urea Multinutrient Molasses Block
(UMMB) and Supplement Nutrient Ration (SNR)
produced VFA rumen’s fluid about 44.41-92.33 which
approve that the concentration was still below the
optimum average for protein’s microbe synthesis. This
also showed low degradable protein and crude fiber
ration because the ration contains high fiber. High
concentration of VFA in ration D is in line with high
microbe content in D ration. This also showed the more
amount of rumen’s micrpbe, the higher amount of VFA
production will be.

Conclusion: From the description above, it can be
concluded that,

The use of by products of palm industry in complete
ration gives no influence on rumen’'s liquid
characteristic of Ettawa goat according to in-vitro
analysis

The formulation of complete ration with the
percentage of the use of more palm kernel cake
gives a better result reviewed from gas production
and rumen’s liquid characteristic.
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