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ABSTRACT 

Agricultural waste such as sago hampas has a great potential to suffice the requirements of cattle feed availability in 

Indonesia. This research aims to determine the quality of sago hampas fermented with multi microbial inoculum and 

additional urea with a long fermentation time. The research method used a completely randomized design with five 

levels of fermentation time treatment, 0 days (T0), 1 day (T1), 3 days (T3), 5 days (T5), and 7 days (T7). The 

observed variables were pH, DM, ash, CP, CL, CF, Ca, P, GE, TDN, NFE, NDF, and ADF. The result showed that the 

length of the fermentation time were significant differences in pH, DM, CP, CL, NDF, Ash, Ca, and GE contents 

among treatments. DM, CP, NDF and GE content increased in line with the length of fermentation. These changes are 

probably due to the remaining enzyme activity and various chemical reactions. 
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1. INTRODUCTION 

The utilization of agricultural waste raw materials 

is an alternative effort to sufficient feed for livestock in 

Indonesia. One of the abundant feedstuffs that have not 

been used optimally is sago hampas. Sago hampas are 

waste obtained in sago industrial processes. Sago 

hampas have potential as feedstuffs because they still 

have a high starch content [1]. Sago hampas usage 

problems for feed are the low protein and high crude 

fiber content, and it causes low palatability and 

digestibility of sago hampas. It is estimated that sago 

hampas will only be able to sufficient the basic needs 

of livestock if given singly. 

Many researchers have attempted to increase the 

nutritional value of feedstuffs by processing 

technology. Processing of feedstuffs can be done 

physically, chemically, and biologically, or a 

combination of them. An easy and inexpensive 

processing technology applied to sago hampas is 

fermentation [2]. The basic principle of fermentation is 

to activate certain microbial activities in order to 

change the material nature so that a useful fermentation 

product is produced [3]. Several research results have 

been carried out on the fermentation treatment of 

various vegetable feedstuffs, showing that this method 

can reduce crude fiber. Mixing sago hampas with 

rumen contents (70:30) fermented with Bacillus 

amyloliquefaciens at a dose of 2% for nine days at 

40oC was reported to reduce crude fiber by 33% [4]. 

Currently, the application of sago hampas 

fermentation is still mostly carried out on a laboratory 

scale and generally uses an inoculum in the form of a 

single microorganism. This causes the fermented 

product to be harvested or utilized after waiting for a 

long incubation time, usually more than three weeks. 

This study aimed to evaluate the nutritional quality of 

fermented sago hampas, which was carried out on a 

field scale and using multi-microorganism inoculums. 
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2. MATERIALS AND METHODS 

2.1. Materials 

The material used in this research is dry sago 

hampas obtained from waste from sago processing in 

Kalimantan-Indonesia. The inoculum used was from 

multi-microorganism inoculum with Saus Burger 

Pakan® (SBP®), produced by CV. Agro Indo Utama, 

Yogyakarta  

2.2. Methods 

2.2.1. General 

The fermented sago hampas flour production was 

carried out with five variations of triple treatment, 

namely control (fermentation with incubation period 0 

days) and fermentation with incubation periods of 1, 3, 

5, and 7 days. The fermentation process is carried out 

anaerobically at room temperature (±30oC). In the 

fermentation process, 150 kg of previously prepared 

sago hampas was inoculated with SBP multi-

microorganism, first activated in a sterile molasses 

solution (the molasses was dissolved in water and 

sterilized at 121oC for 15 minutes). 

The dose of inoculum used was 0.5% of the water 

requirement, and the molasses were mixed in a ratio 0f 

10 :1 with the required amount of inoculum, which was 

then deposited for 3 hours before being used. 

Immediately before mixing, the sago hampas was 

added with urea dissolved in the mixture as much as 

0.4% of the weight of dry sago hampas. The water 

content of sago hampas during the fermentation 

process is maintained at around 40%. After the 

fermentation process, the sago hampas was dried in an 

oven at 55oC for three days (AOAC 2005). Next, the 

dry sago hampas was grind using a hammer mill to 

obtain sago hampas flour. 

The dried fermented sago flour with all treatments 

during the incubation period was tested for its content. 

Analysis of crude protein, crude fat, calcium, 

phosphorus and Acid Detergent Fiber (ADF) according 

to AOAC (2012), analysis of water, ash, crude fiber 

following SNI 01-2891 (1992), analysis of Neutral 

Detergent Fiber (NDF), Gross Energy (GE), and Total 

Digestible Nutrient (TDN) based on MP16, MP21, 

MP41 (BPMSP). 

2.2.2. Statistics 

The design used in this study was a Completely 

Randomized Design (CRD) with 5 treatments and 3 

replications. The treatments were T0 (control = 0th day 

of fermentation), T1 = 1st day of fermentation, T3 = 3rd 

day of fermentation, T5 = 5th day of fermentation, and 

T7 = 7th day of fermentation. The research data were 

tested using the software program R-4.1.0. A further 

test of the smallest significant difference of Tukey 

HSD was carried out at the 5% test level (p<0.05). 

3. RESULTS AND DISCUSSION 

Proximate analysis is one of the most widely used 

variables to determine the nutritional quality of 

feedstuffs. The nutritional content of fermented sago 

hampas is presented in Table 1. 

The results showed that the length of the 

fermentation time decreased the pH value. The quality 

of fermented sago hampas can be determined from the 

acidity (pH) value during fermentation. During 

fermentation, microbes degrade substrate sugars to 

produce alcohols and organic acids. The fermentation 

results for 7 days of incubation are in the good and 

very good categories. This result is in line with the 

opinion that silage quality can be classified into four 

pH criteria there are very good with pH 3.2-4.2, good 

pH 4.2-4.5, moderate pH 4.5-4.8, and poor pH >4.8 

[5]. Water in the fermentation process is needed to 

support bacterial growth, including as a transport 

medium for enzyme distribution.  

The lowest pH value was seen on the 5th day of 

fermentation, which was 4.01 and the highest pH value 

on the 0th day of fermentation, which was 5.54. The 

decrease in pH indicates that organic acids are formed 

due to of metabolic excretion by microbes (lactic acid 

bacteria) and are not utilized so that the longer the 

quantity is increasing. A rapid decrease in pH during 

the first days of fermentation is essential for inhibiting 

the growth of unwanted microorganisms, reducing 

protease and deaminase activity of plant tissues and 

microorganisms, and preventing Dry Matter (DM) loss 

[6, 7, 8].  

The decrease in pH is expected to limit protein 

breakdown by activating protease enzymes and 

inhibiting the growth of unwanted microbes, namely 

Enterobacteria and Clostridia [9]. The decrease in pH 

of fermented products is caused by acid secretion [10]. 

pH decrease is also expected to be due to the activity of 

lactic acid bacteria in the anaerobic fermentation 

process that grows and develops from the inoculum of 

multi-microorganisms mixed in the substrate. This is in 

accordance with the statement that the addition of 

inoculation in the fermentation process can also 

accelerate the decrease in pH [11]. Kung [12] stated 

that silage pH is related to lactic acid production in the 

fermentation process, low pH reflects high lactic acid 

production. 

The results showed that the length of the 

fermentation time increased the dry matter content. 

Fermentation increases the dry matter value by 

11.51%. This result shows that anaerobic fermentation 

does not result in loss of DM because the growth of 

harmful aerobic microbes is inhibited. Loss of DM can 

be prevented by accelerating the decrease in pH. 
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During the fermentation process, it is suspected that 

microorganisms grow and multiply so that these 

microorganisms result in the loss of water contained in 

the substrate and result in an increase in dry matter.  

The reduced water bound by the substrate is caused 

by the fermentation process that produces heat, where 

the heat causes some of the water to evaporate. The 

longer the incubation time, the more feedstuffs that can 

be overhauled by microbes so that at the end of 

fermentation, the DM will increase. This increase in 

DM is beneficial because it reduces nutrient uptake 

from the silo and increases feed palatability [13]. This 

result is different from [14] reported that the DM of 

fermented sago hampas will decrease, along with the 

longer incubation time. This reaction occurs due to the 

saturation of lack of oxygen, carbon, nitrogen and lack 

of substrate as a nutrient. 

Table 1. Nutritional value of sago hampas fermented with SBP inoculum multimicroorganism 

Composition 
Treatment (Length of Fermentation Time/Incubation) 

T0 T1 T3 T5 T7 

pH 5.54c±0.04 4.36b±0.05 4.29b±0.09 4.01a±0.01 4.18ab±0.13 

DM 58.75a±0.13 65.02c±0.53 62.68b±0.47 63.29b±1.02 65.51c±0.15 

CP 2.78b±0.11 1.99a±0.00 3.93d±0.10 4.23e±0.11 3.81c±0.18 

CL 0.32b±0.17 0.14a±0.06 0.11a±0.05 0.12a±0.05 0.04a±0.02 

CF 23.90abc±0.76 19.98a±2.41 21.87ab±1.21 25.00bc±1.54 26.99c±1.35 

NDF 58.98a±8.18 78.28bc±4.73 66.55ab±2.89 79.69c±0.72 70.02ac±3.63 

ADF 34.48ab±1.47 28.83a±2.96 37.16b±0.82 36.52b±1.18 37.70b±1.19 

Ash 8.49b±0.24 5.78a±0.35 9.68b±0.96 5.77a±0.33 6.09a±0.23 

Phosphorus 0.11±0.01 0.10±0.01 0.12±0.02 0.09±0.01 0.11±0.04 

Calcium 0.27a±0.01 0.31ab±0.01 0.33bc±0.03 0.36c±0.01 0.34bc±0.02 

NFE 60.04a±0.71 68.5b±2.78 59.54a±0.81 60.59a±1.58 58.04a±1.91 

TDN 70.07a±0.48 76.26b±2.06 69.3a±0.73 71.23a±1.20 69.18a±.28 

GE 3104.32a±6.17 3269.3ab±151.04 3335.6b±10.36 3282.8b±97.46 3332.71b±3.83 

 
 The results showed that the length of the 

fermentation time increased the CP content on the 3rd, 

5th and 7th days. The decrease in CP content 

immediately on the 1st day of fermentation indicated 

that microbes use this compound as the main nitrogen 

source for their growth. Later, the increase in CP 

content is expected to be caused by an increase in the 

amount and activity of microbes in binding nitrogen as 

a basic material for protein synthesis, The increase in 

nitrogen levels is very beneficial for bacteria to carry 

out growth and perform activities optimally.  

The increase in CP is also expected to be due to 

the addition of protein donated by microbial cells, 

producing single cell protein (SCP) [15]. This increase 

in CP content is in line with the results reported, which 

used palm oil as a substrate [16, 17, 18]. Increased 

protein levels in fermentation can also be caused by  

increased decomposer microbes that die because they 

cannot survive in acidic conditions [19]. Optimally 

growing microbes can also cause an increase in CP 

content by utilizing protein and other mineral mixtures  

[20]. The increase in CP can also be caused by the 

presence of enzymes produced by microbes. The 

greater the number of microbes, the more enzymes in 

the form of proteins and single cell proteins are 

produced [21] 

The results showed that the long fermentation time 

reduced CL content. This indicates that microbes 

effectively use the fat content in the media for growth. 

Fat is the second energy reserve after carbohydrates are 

stored in the form of triglycerol [22]. Lipase enzymes 

break down Fats into fatty acids and glycerol. The 

decrease in CL content was expected to be due to 

lipolytic microbes inhibited by the acidity of the 

fermentation process. The acids formed from the 

fermentation process to sufficient levels are inhibitory 

substances against lipolytic bodies that can damage the 

material [23]. 

The results showed that the length of the 

fermentation time affected the CF content. This result 

is also reinforced by the performance of the data from 

the NDF and ADF analysis. The purpose of 

fermentation is to convert cellulose into simpler 

compounds by polymerizing and multiplying microbial 

proteins so that the relationship between CP and CF  is 

always inversely proportional [24]. The degradation of 

cellulose and hemicellulose caused the decrease in 

crude fiber by cellulose and hemicellulose enzymes 

produced by microbes [25]. Cellulose is an enzyme 

complex consisting of several enzymes that work 

gradually or together to decompose cellulose and 

hemicellulose into glucose. The degradation of 
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cellulose and hemicellulose in the form of glucose is 

used as a source of carbon and energy for growth and 

development. Microbial degradation can convert 

materials containing CF such as cellulose and 

hemicellulose into monosaccharides and disaccharides. 

This result is in line with the statement that the 

decrease in CF occurred because microbial activity 

during fermentation could produce enzymes that 

degrade CF substrates [26]. The longer the 

fermentation, the lower the CF [27].  

In addition, the decrease in CF content is thought 

to be caused by the addition of certain ingredients such 

as molasses and rice bran. A decrease in CF and 

Nitrogen Free Extract (NFE) levels will increase in CP 

levels. The increase in CF content on the 5th and 7th 

day of fermentation was closely related to the increase 

in fermentation time, thus providing an opportunity for 

anaerobic microbes to grow and develop well. The 

increase in CF was caused by the formation of 

polysaccharides from the microbial origin and was 

influenced by fluctuations in the substrate’s water 

content during fermentation. Microbial polysaccharides 

are carbohydrate polymers with high molecular weight 

[28]. Changes in water content will cause changes in 

the dry weight of the material affecting the calculation 

of CF content in proximate analysis. Another 

possibility is CF increase caused by the condition of 

the substrate, namely the availability of starch in the 

sago hampas. This result  allows anaerobic microbes to 

degrade starch which is easier to digest than CF. 

The results showed that the length of fermentation 

time affected the levels of NDF and ADF. NDF 

consists of cellulose, hemicellulose, lignin, silica and 

cutin. ADF consists of cellulose and lignin. ADF 

content is an estimated value of the fiber fraction that is 

difficult to degrade by microbes in the rumen [29]. The 

basic difference in the components of the fiber fraction 

between NDF and ADF is the hemicellulose content 

[30]. Cellulose is used by ruminants as the main energy 

source to support growth, production and reproduction. 

Cellulose in the cell wall is mostly bound to lignin and 

hemicellulose to form lignocellulose [31]. 

Hemicellulose is not expected to be degraded because 

it is a polysaccharide with a better degradation rate 

than cellulose and lignin.  

Changes in the increase in NDF content are 

expected to be due to the microbial fermentation 

process that can break the fiber wall in sago hampas. In 

addition, it is possible to use components of cell 

contents that contain fat, sugar, organic acids, non-

protein nitrogen, pectin, dissolved protein, and other 

water-soluble materials [32]. Microbes during the 

fermentation process will decompose and 

simultaneously utilize the cell’s contents, which begins 

with the activity of the cellulase enzyme to loosen the 

cell walls of the sago hampas. This condition is 

expected to cause fluctuations in the increase and 

decrease in NDF and ADF of fermented sago hampas. 

Different results showed that fermented and 

ammoniated rice straw decreased in NDF, ADF, 

cellulose and lignin [33, 34]. The decrease in the levels 

of NDF and ADF occurred because during the 

fermentation the lignocellulosic bonds were broken and 

microbial activity developed. 

The results showed that the length of the 

fermentation time decreased the ash content except on 

the 3rd day of fermentation. The mineral or ash content 

in feedstuffs is absolute because it cannot be converted 

into other compounds. Changes in the percentage of 

other nutrients will result in changes in the percentage 

of ash. The increase in ash content is expected due to 

the lack of organic matter due to the fermentation 

process, mainly CF and NFE. This decrease in ash 

content usually occurs because there will be an 

increase in organic matter, due to microbes’  

degradation process of material (substrate). The less 

organic matter is degraded, the relatively less is the 

proportional decrease in ash content. On the other 

hand, the more organic matter is degraded, the more 

the ash content will increase proportionally. 

The results showed that the length of the 

fermentation time only increased the level of NFE on 

the 1st day of fermentation. NFE contains 

hemicellulose, starch, fructan sugar, organic acids, 

pigments, and water-soluble vitamins. The increase in 

NFE on the 1st day of fermentation indicates that there 

has been optimal microbial growth to degrade CF, 

which produces simple sugar compounds. Some of 

these simple sugar compounds will be used for 

microbial activity and partly counted as NFE [35]. This 

contribution of CF degradation will cause an increase 

in NFE levels. NFE is a soluble carbohydrate that is the 

fastest to digest and a source of energy available for 

microbes [36].  

In the fermentation process, microbes will first use 

easily digestible energy sources (NFE) before the 

microbes perform their primary functions [37]. After 

growing and adapting, the new microbes will then 

degrade the substrate according to their nature. The 

decrease in NFE on the next day of fermentation was 

due to using microbes as energy and carbon structure 

for their growth. The more microbial growth and the 

longer the fermentation process will reduce the level of 

NFE [38]. The best energy concentration, indicated by 

the combination of the TDN value and the GE of the 

substrate, was found in fermented sago hampas. 

4. CONCLUSION 

The incubation time for anaerobic fermentation of 

sago hampas resulted in a clear change in the 

composition of pH, DM, CP, CL, NDF, NFE, and GE 

values. These changes are probably due to the 

remaining enzyme activity and various chemical 

reactions 
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