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ABSTRACT 
 

Sago waste is an agricultural by product with low nutritive value. The present experiment was 
designed to study the effects of using treated sago meal to substitute grasses on Bali cattle 
productivity. Fifteen young male Bali cattle, approximately 18-month of age were allocated to 
experimental treatments according to the average weight of the animal in a randomized complete 
block design. Native grass was used in the experiment. The dietary treatments were (1) 60% grasses 
and 40% concentrate, as control, (2) substituting 15% of grasses with fermented sago waste, (3) 
substituting 30% of grasses with fermented sago waste, (4) substituting 15% of grasses with 
ammoniated sago waste, and (5) substituting 30% of grasses with ammoniated sago waste. The results 
showed that substituting 50% of the grass with treated sago waste gave the greatest daily weight gain 
(0.66kg) as compared to the other treatments (P<0.05). Intake and digestibility of feed dry matter, 
organic matter and fiber components were not significantly different among treatments. However, the 
digestibility of ADF and cellulose were greater when 15% and 30% of the grass were substituted with 
fermented sago waste. The feed to gain ratio was most efficient in the animal receiving 50% bio-
processed sago waste as substitute of native grass. The rumen characteristics showed that 
concentration of NH3 and VFAs were not significantly different among treatments. It was concluded 
that bio-fermentation of sago waste using Pleurotus ostreatus and ammoniation with urea improved its 
nutritive value and could be used to substitute native grass for cattle. 
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INTRODUCTION 
 

Lately, the demand of beef in Indonesia 
increase rapidly, therefore efforts to accelerate 
the beef production should be done. Bali cattle an 
alternative breed to be developed to fill the gap 
between the supply and demand of meat. Beef 
consumption increased from 330,300 ton in the 
year 2002 to 389,300 ton in 2006. Unless an 
appropriate move in accelerating beef production 
being taken, the beef cattle population will 
decrease significantly. Fortunately, the cattle 
population trend to increase from 10,532,889 in 
2004 to 11,869,158 in 2008 (DITJENAK, 2008). 

The primary constraint to cattle is 
productivity that the requirement of nutrient for a 
better production is not satisfied by the existing 
feed condition, especially protein so that the 
livestock do not perform their maximum genetic 
capacity. The grasses in tropical countries are 
mostly of low quality and usually fed to the 
animal at mature stage in which advanced 

lignifications of the structural polysaccharide 
components have developed. Meanwhile, 
planting superior grasses such as elephant grass 
and guinea grass have a constraint of limited 
area. 

Utilization of by products of agro industries, 
such as sago waste is one alternative to overcome 
this problem. However, it is realized that the 
utilization of the sago waste need preliminary 
treatment due to the high in fiber and low in 
protein content. Toharmat (2002) stated that feed 
with high fiber content will be slowly digested in 
the rumen and ends approximately after 72 hours 
inside the rumen.   

Biological processing of sago waste that has 
been done was bio-fermentation using oyster 
mushroom. This mushroom is grouped in class of 
basidiomycetes which could be cultivated on 
different kinds of agricultural wastes and could 
also be consumed by human being. Rai and 
Saxena (1990) stated that cultivation is not only 
cheap, but also able to improve the quality of 
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feed. Okano el al. (2005) stated that the 
fermentation of Japanese red cedar with white 
rot basidiomycetes (oyster mushroom) could 
increase the dry matter digestibility. Ammonia 
treatment could also to increase the quality of 
feed where the processing technology with urea 
will increase the crude protein content 
(Broudiscou et al., 2003). The in vitro nutrient 
digestibility of amoniated rice straw resulted 
from ammoniation was higher than rice straw 
which was not ammoniated (Eun et al., 2006). 
Based on these informations, the sago waste 
which has been processed through fermentation 

with oyster mushroom and ammoniation with 
urea was tried to feed to cattle replacing native 
grasses.   

The objective of the present experiment was 
to study the influence of sago waste based ration 
on the digestibility and fermentability of feed and 
the productive performance of Bali cattle. It is 
hoped that the sago waste can be used as 
feedstuff to substitute the grasses during the dry 
season, in addition to preventing the 
environmental pollution especially in the area of 
sago powder producer. 

 
 Table 1.  Ingredient composition and nutrient content of rations 

Note: NFE = Nitrogen free extract; NDF = Neutral Detergent fiber; ADF = Acid detergent fiber; TDN= Total Digestible Nutrients *) Analysis 
of Animal Biology Laboratorium; **) Indonesian Research Inst. Animal Production, Ciawi-Bogor;   ***)  Calculated; a)  Fermented sago 
waste from field for biological test, fermented for 50-60 days. 

 
Table 2. The average of dry matter, organic matter consumption, body weight, body weight gain and 

rations conversion 

Items 
Treatment of rations 

R0 R1 R2 R3 R4 
Consumption      
Dry matter  (% BW) 2.58±0.1a    2.69±0.3ab   3.06±0.1c 2.67±0.1ab   2.85±0.3bc 
Organic matter (%BW) 2.42±0.1a    2.45±0.0a   2.68±0.1b 2.44±0.0a   2.64±0.1b 
Body weight      
Initial (kg/head)  142±2.0     133±2.3    132±2.1  136±2.0    124±2.5 
Final (kg/head)    17±1.8     162±5.1    171±2.0  163±4.7    161±3.6 
Total  gain (kg/head) 29.2±1.8    29.7±5.1   39.3±1.5 27.3±3.5   36.7±5.1 
Daily gain  (kg/head/day)  0.48±0.1ab    0.49±0.1ab   0.65±0.1c 0.45±0.1a   0.61±0.1bc 
Ration conversion 7.96±0.4b    7.47±1.4ab   5.96±0.3a 8.05±0.9b   6.07±1.1a 

Note: a,b,cWithin rows, means followed by different superscript differ (P<0.05);R0=control ration; R1= 45% grass + 15% fermented sago 
waste + 40% concentrate; R2=30% grass + 30% fermented sago waste + 40% concentrate; R3= 45% grass + 15% ammoniated sago 
waste + 40% concentrate; R4= 30% grass + 30% ammoniated sago waste + 40% concentrate; BW= body weight.

Component of ration 

Treatment of ration 

R0 R1 R2 R3 R4 

 ……………………….%....................................... 
Ingredient      

Native grass 60 45 30 45 30 
Fermented-sago waste a) 0 15 30 0 0 
Ammoniated-sago waste 0 0 0 15 30 
Concentrate 40 40 40 40 40 
Total 100 100 100 100 100 
Nutrient composition ...………………….......%...................................... 

Proximate Analysis*)      
Dry matter 88.1 88.3 88.4 88.1 87.9 
Crude protein 12.8 12.1 11.5 12.2 11.6 

Fat 4.6 4.5 4.4 4.5 4.4 
Crude fiber 27.4 23.5 19.6 24.2 20.9 
Ash 8.6 9.3 9.9 8.7 8.7 
NFE 46.6 50.6 54.6 50.5 54.4 

Goering &Van Soest Analysis **)  
NDF 43.9 42.8 41.8 44.4 44.9 
ADF 30.4 29.3 28.1 31.2 31.9 
Cellulose 22.4 21.2 20.0 22.5 22.6 
Lignin 4.2 4.1 4.0 4.6 4.9 
Silica 1.4 2.2 2.9 2.3 3.3 
TDN***)  51.3 55.9 59.2 55.0 58.7 
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MATERIALS AND METHODS 
 

The experiment was carried out in a 
randomized block design, with 5 treatments and 3 
groups of cattle based on body weight.  The 
differences between the treatment means were 
analyzed using Duncan test (Steel and Torrie 
1991).  The treatments were as follows: 
R0  = 60% native grass + 40% concentrate 
R1 = 45% native grass + 15% fermented sago 

waste + 40% concentrate 
R2 = 30% native grass + 30% fermented sago 

waste + 40% concentrate 
R3 = 45% native grass + 15% ammoniated sago 

waste + 40% concentrate 
R4 = 30% native grass + 30% ammoniated sago 

waste + 40% concentrate  
 

RESULTS AND DISCUSSION 
 

Feed Intake, Body Weight Gain and Feed 
Conversion 

 
Intake of dry matter ranges between 2.58-

3.06% of body weight. These results are higher 
than those observed by Anggraeny and Umiyasih 
(2004) in beef cattle which were 2.0-2.1%.  
Cattle receiving rations containing fermented 
sago waste at 30% (R2) consumed higher 
(P<0.05) feed compared to cattle fed with R0, R1 
and R3 but there was not different from R4 
(Table 2). 

Average intake of organic matter by cattle 
receiving R2 treatment was higher (P<0.05) than 
the cattle at R0; however the organic matter 
intake of cattle at R1 and R3 were equal to R4. 
The lack of difference in intake of dry matter and 
organic matter between R2 and R4 treatment 
showed that the use of fermented sago waste or 
ammoniated sago waste to replace 50% grass in 
the ration did not bother the palatability and other 
factors which affect consumption. This may be 
caused by physical and chemical properties of 
processed sago waste which resulted in a better 
quality so that it is preferred by the animal. 
Parakkasi (1995) stated that such factors 
influencing the consumption of feed materials 
include physical and chemical properties of the 
feed.  

The product of fermentation has a higher 
nutritional value than the original material 
because the microbes have degraded the more 
complex material into simpler substances, 
making them easier to digest. Fermentation 
process will also cause changes in chemical 

composition such as fat, carbohydrates, amino 
acids, minerals and vitamins as a result of the 
activities and proliferation of microorganisms 
during the fermentation procress (Winarno, 
1992). The use of fermentation in the sago waste 
tends to increase the rations NFE, lower crude 
fiber, NDF, ADF, cellulose, hemicellulose and 
lignin thereby increasing the ration consumption.  

Ammonia treatment can increase the 
consumption of dry matter and organic matter 
(Weiss and Underwood, 2002). The increased 
consumption due to the ammonia treatment was 
related to the damage of the chemical bonds 
between the lignin and the cellulose or 
hemicellulose. The fact that lignin inhibits fiber 
digestion therefore damaging the bond causes 
hemicellulose and cellulose to be more digestible. 
The high cosumption of dry matter and organic 
matter can also be affected by the treatment of 
fermentation and ammoniation by creating a 
more conducive environment of rumen 
conditions for microbial activity which is 
indicated by the normal range of total VFAs. 
These conditions encourage the growth of 
microbes and the movement of food in the 
digestive tract become aroused quickly and 
animal to consume more. Leng (1991) suggested 
that the level of consumption is strongly 
influenced by the coefficient of indigestion, the 
quality of rations, fermentation in the rumen and 
the physiological status of animal. 

Beef cattle production which is reflected in 
the increase of body weight is the main goal in 
testing a ration, where the change in body weight 
is the result of such treatment. "Body weight 
gain" of cattle receiving dietary treatments in the 
present experiment ranged from 0.456 - 0.655 
kg/head/day. These values were higher than the 
results of experiment reported by Mathius et al. 
(2005), using Bali cattle fed with palm kernel 
meal fermentation, which increase body weight 
gain ranging from 0.310 - 0.582 kg/head/day. 
The increased body weight was significantly 
different between cattle treated with R2 (P<0.05) 
as compared to R0, R1 and R3 but not different 
from R4, and R0 was not different from R1 and 
R3. The higher body weight gain in cattle fed 
rations containing 30% fermented and 
ammoniated sago waste, showed that there was a 
positive response of the cattle to the rations. 
Body weight gain is the accumulative response of 
animal to the feed intake, digested nutrients, 
fermentation, metabolism and absorption of 
nutrients. The higher increase in the body weight 
of cattle fed with 30% treated sago waste was 
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caused by higher consumption of dry matter and 
organic matter. 

The lowest "Feed Conversion ratio" (FCR) 
was observed in cattle receiving fermented sago 
waste at 30% (R2) i.e., 5.96 and the highest was 
for the cattle  treated at 15% ammoniated sago 
waste i.e., 8.05. Research conducted by 
Adamovic et al. (1998) for beef cattle fed rice 
straw biodegraded by oyster mushrooms showed 
higher FCR, i.e., 7.41 - 9.14. Table 2. shows that 
the feed conversion ratio of cattle fed R2 was 
significantly lower (P<0.05) as compared to R0 
and R3, but equal to R1 and R4. 

The results showed that the substitution of 
grass by the fermented and ammoniated sago 
waste until 50% tended to improve the feed 
conversion ratio significantly. These were 
indicated by the higher body weight gain in R2 
and R4 than those in R0, R1 and R3. This proves 
that the treatment using product fermentation and 
ammoniation of sago waste at 30%  were able to 
improve the changes of feed dry matter into live 
body weight , which for the formation of 1 kg of 
live weight only 5.96 and 6.07 kg feed dry matter 
were needed.  

"Analysis of the cattle business income" is 
necessary to know the advantages of a livestock 
business. Income over Feed Cost (IOFC) as 
illustrated in Table 3 is a simple economic 
analysis used to see the benefits of beef cattle 
business. The income over feed cost is influenced 
by the amount of feed consumption, prices of 
feed ingredients and the amount of the daily 
weight increase produced. Income over Feed 
Cost of cattle in R2 was substantially higher 
(P<0.01) compared to R3 and substantially 
higher (P<0.05) from R0, R1, R4, while R0 equal 
to R1, R3 and R4.  

IOFC difference is due to the additional cost 
of the oyster mushroom fermented sago waste. 
Income over Feed Cost was higher with 
increasing use of fermentation in the sago waste 
in the rations. This shows that the rations 

containing fermented sago waste is more efficient 
and profitable. The use of ammoniated sago 
waste will provide greater benefits than cattle fed 
the control treatment when used up to 30% in the 
ration (Table 3). 

 
Nutrient Digestibility 

 
The ration digestibility was influenced by 

feed intake, nutrient content and digesting 
process in the rumen and the post-rumen 
compartment (Beever and Mould, 2000). Dry 
matter, organic matter, protein and NDF 
digestibility of Bali cattle were not influenced by 
ration type.  Results of this experiment showed 
that the use of processed sago waste for feeding 
Bali cattle to substitute the grass gave the same 
effect with the control (R0). The fiber source of 
R0 treatment was native grass with good quality 
which was comparable to sago waste. Based on 
the data, of Table 4, there is an indication that 
fermentation and ammoniation treatment could 
be applied to increase the quality of sago waste 
resulting in similar digestion responses. 

Dissolution of crystalline cellulose-lignin 
bonds (in the form of an ester bond) with 
koniferil, sinapil and p-kumaril alcohol in 
fermentation treatment facilitate the penetration 
of cellulases produced by rumen microbes. 
Dissolution of the bond was marked by 
increasing the solubility of each fibrous 
component (hemicellulose, cellulose, lignin). 
This decreases the percentage content of fiber 
components so that in vivo digestion of feed fiber 
components increased (Maynard et al., 1980).  

The average digestibility of dry matter in 
this study is higher than studies conducted by Li 
et al. (2001) in cattle using cotton seed hull 
fermented by oyster mushroom which was 
52.3%. An experiment conducted by Prasetiyono 
et al. (2007) in beef cattle fed rice straw with the 
addition of CASREA (Cassava urea) also showed 
a lower result, i.e., 50.42%. 

 
Table 3. IOFC (Income Based on Value of Body Weight Gain)    

Items 
Treatment of rations 

R0 R1 R2 R3 R4 

Feed cost  (Rp/head/day) 5,759.7 7,377.5 10,133.4 5,779.7 6,099.0 
Value of BW (Rp/head/day) 10,685.7 10,057.1 14,457.1 9,219.0 13,409.5 
Value of mush. (Rp/head/day) 0.0 4,033.2 8,738.6 0.0 0.0 
IOFC (Rp/head/day) 4,926.1ab 6,712.8ab 13,062.4c 3,439.4a 7,310.6b 

Note:a,b,cWithin rows, means followed by different superscript differ (P<0.05);R0=control ration; R1= 45% grass + 15% fermented sago 
waste + 40% concentrate; R2=30% grass + 30% fermented sago waste + 40% concentrate; R3= 45% grass + 15% ammoniated sago 
waste + 40% concentrate; R4= 30% grass + 30% ammoniated sago waste + 40% concentrate; BW= body weight; mush= mushroom; 
IOFC= income over feed cost. 
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There were significantly different ADF 
digestibilities between treatments. The use of 
ammoniated sago waste at 30% in the ration 
resulted in the same effect on ADF digestibility 
as in control, but decreased significantly as 
compared to the use of ammoniated sago waste at 
15%, and fermented sago waste at 15% and 30%. 
This difference is probably due to the ADF 
content of the rations. Table 1 shows that the 
level of ADF tended to increase with increasing 
use of ammoniated sago waste in rations (0.8 - 
1.5%).  

Digestibilities of nutrients in all treatments 
were greater than 50% (Table 4.) indicating that 
the ration treatment and the condition of the 
cattle rumen bacteria support an optimal activity. 
One way to measure the rumen microbial activity 
is the value of nutrients in digested ration 
components. Increased rumen microbial activity 
was stimulated by the availability of ammonia 
and VFA in the rumen, where the concentrations 
of these two compounds are in the normal range 
to support the growth and rumen microbial 
activity.  

 
Characteristics of Rumen and the  

Microbial Fermentation 
 

Ammonia 
 

The results showed that the characteristics of 
microbial fermentation in the rumen were not 
affected by treatment (Table 5). No differences 
between the treatments on ammonia 
concentrations showed that all treatments provide 
similar level of ammonia into the rumen, 
although the type of bacteria that use ammonia 
are different.  

The main product of protein degradation by 
rumen microbes is ammonia, which most of the 

microbes use it for de novo protein synthesis. 
Therefore, the ability to provide sufficient 
ammonia in the rumen is often used as a 
benchmark in the evaluation of feed protein for 
ruminant livestock. Ammonia levels ranged from 
10.10-13.67 mM (Table 5.), and the highest 
values obtained in R4. Preston and Leng (1987) 
stated that the concentrations of ammonia in the 
rumen for optimal microbial growth were 4 - 14 
mM. The results of this study showed that 
fermentation technology and ammoniation of 
sago waste were still able to ensure adequate 
supply of ammonia in the rumen.  

 
Volatile Fatty Acids (VFAs) 

 
Carbohydrates are fermented in the rumen 

by microbes into fatty acids or VFAs. VFAs will 
be absorbed and used as source of energy for 
animal and a source of carbon skeleton for the 
bacteria. Concentration of volatile fatty acids in 
the fermentation media described the 
effectiveness of the fermentation process. In 
general, the higher concentration of VFA 
indicates fermentation process to be more 
effective; however, when the VFA concentration 
is too high, it will disrupt the balance of rumen 
microbial population.  

Higher concentration of VFA in rumen fluid 
of cattle given R2 indicates that rumen bacterial 
growth in this treatment is better than the other 
treatments. These results indicate that overall 
carbohydrate rations degradation was higher in 
R2, although not significantly different. R2 ration 
containing fermented sago waste at 30% allows 
the easy availability of carbohydrates being 
degraded, because the fermentation process has 
disrupted the ligno-cellulose bonds causes fiber-
degrading bacteria to work better.  

 
Table 4. Average Nutrient digestibility of Bali cattle  
 Treatment of rations 

Items R0 R1 R2 R3 R4 
 ------------------------------------------------ % ----------------------------------------------- 

Dry matter 76.5±0.1 70.1±4.9 72.6±0.7 74.4±0.7 72.6±2.5 
Organic matter 73.4±2.6 69.5±3.8 70.3±6.6 72.4±1.1 71.7±1.7 
Protein 79.8±2.3 75.4±7.8 75.3±0.7 79.5±1.0 75.7±3.8 
NDF 58.9±1.1 55.1±7.8 56.7±0.9 59.1±2.3 58.5±2.7 
ADF   54.4±6.1ab  60.4±3.7b  60.3±1.5b  59.9±3.3b  51.8±2.3a 
Cellulose 66.4±2.2  63.4± 9.8  67.9±10.4 69.5±2.8 58.3±1.2 

Note: a,b,c Within rows, means followed by different superscript differ (P<0.05);R0=control ration; R1= 45% grass + 15% fermented sago 
waste + 40% concentrate; R2=30% grass + 30% fermented sago waste + 40% concentrate; R3= 45% grass + 15% ammoniated sago 
waste + 40% concentrate; R4= 30% grass + 30% ammoniated sago waste + 40% concentrate; NDF= Neutral detergent fiber; ADF= 
Acid detergent fiber. 
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 Total VFA productions in this study were 
within the normal range of 106.8 - 144 mM 
(Table 5). The results of this study are not much 
different from what was obtained by Deborah et 
al. (2005) on the use of probiotics in the Bali 
cattle, i.e., 130.33 - 158.67 mM. Fermentability 
of feedstuff carbohydrate as measured from the 
VFA results are supported by the availability of 
sufficient ammonia in the rumen. Most of rumen 
microbes use ammonia to proliferate especially 
for cell protein synthesis (Suryahadi & Amrullah, 
1984), whereas the origin of feed carbohydrates 
will be hydrolyzed to VFA as an energy source. 
This shows the relations between the two 
compounds (ammonia and VFA) in supporting 
optimum growth for the rumen microbes.  

Partial VFA production was still fall within 
the normal proportions. This experiment 
produced higher proportion of acetic acid, i.e., 
63.8-68.8%, followed by propionic acid 19.0-
22.2%, butyric acid 9.4-10.9%, isobutiric acid 
1.2-1.7%, valeric acid 0.0-0.5% and 1.1-1.7% 

isovaleric (Table 6). Nagaraja et al. (1997) 
concluded that the partial VFA production was 
influenced by the balance between roughage and 
concentrates in the ration, or the higher fiber 
content of the feeds will result in relatively 
higher proportions of acetic than propionic, and 
butyric. On the other hand, if concentrate portion 
was higher in the ration, then the proportion of 
propionic acid was higher.  

Preston and Leng (1987) reported that VFA 
production in the rumen was influenced by 
various factors including: kind of animal, kind of 
feed, quantity and quality of feed. No differences 
in VFA concentrations between the treatments 
may also be due to similar feed quality between 
treatments. This study shows that the use of sago 
waste, after being fermented or ammoniated, in 
the ration did not affect rumen characteristics. 
This means that the residue of sago waste 
processing can be used up to 30% in cattle 
rations, because they do not significantly 
interfere the rumen microbial activity.  

 
Table 5. The average of ammonia concentration, VFA total and partial of Bali cattle rumen fluid 

Items 
Treatment of rations 

R0 R1 R2 R3 R4 
.............................................................mM……………………………….……. 

Ammonia 12.2±2.7 10.1± 1.9 11.0±2.1 11.3±3.6   13.7±2.1 
Total VFA 114±5.0 120.3±10.0 144±9.4 106.8±27.8     113.2±31 
Acetic acid       93.4±3.1 74.4±7.1 82.9±7.8   68.5±16.9       71.4±17 
Propionic acid 30.4±3.3 23.8±2.7 22.8±2.1 22.7±6.1  25.6±9.9 
Butyric acid 15.8±2.3 12.8±2.3  11.3±0.5 11.5±3.3  11.5±4.4 
Isobutyric acid   1.8±0.2   1.3±1.5    1.8±0.6   1.6±0.6    2.6±1.2 
Valeric acid   0.5±0.4   0.5±0.4    0.2±0.3   0.6±0.7       0±0.0 
Isovaleric acid   2.2±0.4   1.8±0.4    1.3±0.1    1.9± 1.1    2.0±1.0 

Note: R0=control ration; R1= 45% grass + 15% fermented sago waste + 40% concentrate; R2=30% grass + 30% fermented 
sago waste + 40% concentrate; R3= 45% grass + 15% ammoniated sago waste + 40% concentrate; R4= 30% grass + 
30% ammoniated sago waste + 40% concentrate; VFA= volatile fatty acid.

 
Table 6. The average of VFA proportion in rumen fluid of Bali cattle  
 Treatment of rations 

Items R0 R1 R2 R3 R4 
 ………….................................................mM….………………………………… 
Acetic acid 64.8±3.1 65.3±2.4 68.8±1.2 64.2±0.9     63.8±5.6 
Propionic acid 21.1±1.7 20.9±2.2 19.0±0.4  21.2±1.4    22.2±3.4 
Butyric acid 10.9±1.6 11.2±1.1   9.4±0.5 10.8±2.2    10.0±1.3 
Isobutyric acid   1.2±0.2   1.2±0.1   1.5±0.7   1.5±0.3      1.7±0.3 
Valeric acid   0.3±0.3   0.4±0.3   0.2±0.3   0.5±0.5         0±0.0 
Isovaleric acid   1.6±0.3   1.1±0.2   1.1±0.1   1.7±1.5      1.7±0.4 

Note: R0=control ration; R1= 45% grass + 15% fermented sago waste + 40% concentrate; R2=30% grass + 30% fermented 
sago waste + 40% concentrate; R3= 45% grass + 15% ammoniated sago waste + 40% concentrate; R4= 30% grass + 
30% ammoniated sago waste + 40% concentrate. 
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CONCLUSIONS 
 

Sago waste, after being fermented or 
ammoniated can be used until 30% in the rations 
or substituting 50% of grass and significantly 
increased the dry matter and organic matter 
intake, body weight gain and feed conversion 
ratio, but did not influence the nutrient 
digestibility and rumen characteristic of Bali 
cattle.  
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