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This research aim to know the diversity of bacteria community for 15 days of fermetoge fermentation 
process. Fermetoge is the ruminant feed made of water hyacinth and corn cob. The procedure passed 
consisted of bacteria isolation, purification and identification. Bacteria identification based on the 
sequence of 16S rRNA gene. Parameters of community ecology such as diversity, evenness, and 
dominancy were analyzed on this research. There were 8 bacteria species, including Staphylococcus 
sp., Enterococccus sp., Bacillus tequiliensis, Bacillus brevis, Bacillus badius, Bacillus cereus, Bacillus 
aerius and Burkholderia sp. The highest bacteria diversity were in the fourteenth day, the highest 
evenness occured at the twelfth day fermentation process. Seven bacteria species were dominant 
during fermentation, except Bacillus badius that sub dominant. 
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INTRODUCTION 

Water hyacinth grew very rapidly in organic 
materials water polluted (Ndimele and Jimoh,  
2011). Up to now, water hyacinth has been 
assumed as disadvantageous water-weeds. The 
rapid growth of the plant in water-body can 
change the diversity of water organisms and 
endanger other organisms life (Gichuki, et al., 
2012). Some kinds of efforts had been done to 
inhibit their growth. The efforts consisted of 
nutrient reduction in water-body (Gichuki,et al., 
2012), removal of plants manually, giving 2,4-D or 
glyphosate (Labrada, et al., 1994) and paraquate 
(Jian-jun, et al., 2006). 

Other efforts to reduce water hyacinth in water 
area was by functioning it as cattle-feed, because 
of the high concentration of protein around 
11.87% to 14.28 % (Mako, et al., 2011),  high 

calcium and phosphor concentration, and could 
stimulate the milk production if it is combined with 
suitable feed concentration (Kumar, et al., 2011). 
Other analysis stated that water hyacinth 
contained dry material (8.7 to 9.3 g/100g), crude 
protein (10.1 to 11.2 g/100g), crude fiber (26.1 to 
27.4 g/100g), nitrogen-free extract (47.2  to 50.2 
g/100g), ether extract (1.1 to 1.8 g/100g), and 
total ash 12.3 to 12.4 g/100g, with metabolism 
energy 1999.7 to 2054.1 kcal/kg (Hossain, et al., 
2015).Some researchers had been utilized water 
hyacinth as cattle feed like duck feed (Lu, et al.,  
2008; Mangisah,et al., 2009), and Cyprinus carpio 
feed (Mohapatra, et al., 2015). 

Other waste materials that less utilized, but 
had potency to be functioned as cattle feed is 
corncob. Lignocellulose concentration of corncob 
consists of 45% to 55% cellulose, 25% to 35% 
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hemicellulose, and 20% to 30% lignin, which 
cannot be digested by digestive enzymes of pork 
(Kanengoni, et al., 2015). Corncob also contains 
5.6% protein that is higher than rice straw (4.9%). 
Corncob had been used for pork, chicken, and 
goat feed (Sarian, 2016), buffalo feed (Wanapat, 
et al., 2012; Wachirapakorn, et al., 2016), fish 
feed (Rostika and Safitri, 2012), and various kinds 
of ruminant feed (Lardy and Anderson, 2009). 

Fermetoge is a fermented feed  made of 
water hyacinth and corn cob that has some 
advantageous,  including increasing digestibility, 
nutrient absorbility level by cattle, and balancing 
the rumen microflora and decreasing patogent-
microorganism population (Missotten, et al., 
2015). Other strength of fermented feed is the 
ability of reducing patogent- microbe growth in 
digestive tract, helping stomach to reach low pH 
so that can kill the microbes that is carried by food 
(Missotten, et al., 2015). The using of fermented 
feed for chicken had increased its body weight, 
caused more aggressive behavior, strengthen 
egg-shell without reducing the egg production 
(Engberg, et al., 2009). In fact, cellulase enzymes 
produced by some bacterial in fermetoge can be 
beneficial for degrading cellulose available in the 
starter culture from cellulosic substrate such as 
other plant materials or agricultural waste, which 
may contribute to the fermented feed quality. 

The fermentation process involves bacteria 
and fungi. The rate of fermentation process 
depends on some factors, mainly the compatibility 
of microbes with materials that will be fermented. 
It means that fermentation process using certain 
materials will have specific and selected 
microorganisms (Boboescu, et  al.,  2014). The 
specificity of microbes enzyme were play role in 
fermentation of specific materials. The diversity of 
indigenous microorganisms in every fermentation 
phase or day to day along fermentation process 
should be determined, in order to create a suitable 
starter consortium.  Fungi were involved in 
fermentation process with water hyacinth and 
corncob mixture as feed materials is known in the 
previous research (Isnawati, et al., 2018). In this 
research displayed the bacteria were involved in 
the fermentation process to fermetoge production.  

The knowledge about bacteria species related 
in fermentation process of certain materials are 
very essential to increase the rate and quality of 
fermentation result. This research investigate the 
fluctuation of bacteria in fermentation process 
from day to day in the fermetoge production. The 
diversity, evenness, and dominancy of bacteria 

species will be analyzed. 
 
MATERIALS AND METHODS 
The fermetoge was made by some stages: Water 
hyacinth and corncob were cut then dried. Dry 
materials were steamed, then mixed with ratio 1:1. 
After that, the mixture were incubated in order to 
naturally fermentation process (Fitrihidajati, et al., 
2015). Every day during fermentation process, the 
indigenous bacteria was isolated by taking 30g 
materials randomly, then was suspended in sterile 
aquades, filtered, and cultured by pour plate 
method. Nutrient Agar (NA) for Microbiology 
(Merck) was used as the media culture. Then, the 
culture was incubated in 37oC for 24-48 hours.  
After 24-48 hours incubation, the culture was 
purified by streak plate method, then incubated for 
24-48 hours again to get the pure culture. The 
pure culture as the DNA source for identification 
needs were grown in the Nutrient Broth (liquid) 
medium. DNA extraction was performed by 
QIAMP DNA Mini Kit (Qiagen). The DNA sample 
(DNA template) amplified by PCR (BioNer PCR 
Cycler) with the Primer Forward 341 and Primer 
Reverse 907 for 35 cycles.  DNA result of 
amplification process (DNA amplicon) of each 
isolate was sequenced and the bacteria were 
identified to species or genus level using BLAST. 
 
RESULTS 

The result presented in Table 1 as follow.  
Based on Table 1, from day to day there were 
different diversity, evenness, and species 
dominancy. By using culture method in nutrient 
agar, eight bacteria species was successfully 
isolated, consisted of Staphylococcus sp., 
Enterococccus sp., Bacillus tequiliensis, Bacillus 
brevis, Bacillus badius, Bacillus cereus, Bacillus 
aerius and Burkholderia sp. The highest bacteria 
diversity were in the fourteenth day, the highest 
evenness occured at the twelfth day. Seven of the 
bacteria species were dominant during 
fermentation, except Bacillus badius that was sub 
dominant.  

Feed materials consist of mixture water 
hyacinth and corncob that contain high cellulose. 
Because of that, the indigenous bacteria had been 
isolated from this material were dominated by 
bacteria which have cellulolytic activity. The 
number of species increased day to day, and then 
decreases in the middle of the fermentation 
process. But, at the end days of fermentation 
process there were seven species of bacteria. 
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Tabel 1; Diversity, evenness, and dominancy index daily of bacteria species during water hyacinth 
and corncob mixture fermentation processin the fermetoge production 

Day of  
fermentation 

Total  
number of  
Bacterials 

Diversity 
 index 

Evennes 
 index 

Dominancy 

1 134.5 0.2981 0.4301 
Staphylococcus sp. (56.13%) 
Enterococccus sp. (43.87%) 

2 242 0.4708 0.4286 

Staphylococcus sp. (39.67%) 
Enterococccus sp. (26,.03%) 
Bacillus tequiliensis (34.30%) 

3 304.5 0.5346 0.3856 

Staphylococcus sp. (33.66%) 
Bacillus brevis (5.42%) 

Enterococccus sp. (23.15%) 
Bacillus tequiliensis (37.77%) 

4 308 0.7146 0.3988 

Staphylococcus sp. (33.77%) 
Bacillus brevis (7.63%) 

Bacillus badius (10.55%) 
Bacillus cereus (8.60%) 

Enterococccus sp. (21.1%) 
Bacillus aerius (18. 34%) 

5 307.5 0.6216 0.3862 

Staphylococcus sp. (41.63%) 
Bacillus brevis (18.21%) 
Bacillus badius (5.69%) 

Bacillus cereus (12.52%) 
Enterococccus sp. (21.99%) 

6 284 0.4591 0.4179 

Staphylococcus sp. (45.78%) 
Bacillus brevis (22.36%) 

Enterococccus sp. (31.87%) 

7 280 0.4818 0.3475 

Staphylococcus sp. (49.46%) 
Bacillus brevis (8.39%) 
Bacillus badius (6.96%) 

Enterococccus sp. (35.18%) 

8 278 0.3872 0.3525 

Staphylococcus sp. (52.16%) 
Burkholderia sp. (7.01%) 

Enterococccus sp. (40.83%) 

9 298 0.4687 0.4268 

Staphylococcus sp. (47.82%) 
Bacillus brevis (5.20%) 
Bacillus cereus (8.22%) 

Enterococccus sp. (38.76%) 

10 210 0.3004 0.4334 
Staphylococcus sp. (47.51%) 
Enterococccus sp. (52.49%) 

11 391 0.6525 0.4054 

Staphylococcus sp. (24.78%) 
Bacillus brevis (4.47%) 

Enterococccus sp. (25.54%) 
Bacillus aerius (20.05%) 

Bacillus tequiliensis (25.16%) 

12 289 0.4764 0.4336 

Staphylococcus sp. (30.62%) 
Enterococccus sp. (34.08%) 
Bacillus tequiliensis (35.29%) 

13 342 0.7502 0.3855 

Staphylococcus sp. (23.39%) 
Bacillus brevis (6.58%) 
Bacillus badius (5.70%) 
Bacillus cereus (5.99%) 
Burkholderia sp. (6.43%) 

Enterococccus sp. (25.59%) 
Bacillus tequiliensis (26.32%) 

14 298 0.7888 0.4054 

Staphylococcus sp. (25.67%) 
Bacillus brevis (10.91%) 
Bacillus badius (7.72%) 

Bacillus cereus (10.74%) 
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Burkholderia sp. (8.56%) 
Enterococccus sp. (26.85%) 

Bacillus aerius (9.56%) 

15 306.5 0.6010 0.4335 

Staphylococcus sp. (22.35%) 
Bacillus brevis (25.78%) 
Bacillus badius (27.24%) 

Enterococccus sp. (24.63%) 

 
 Based on bacteria diversity data during 

fermentation process as in Table 1, 
Staphylococcus sp. and Enterococccus sp. have 
been detected the presence in all of day of 
fermentation process.  The presence of that 
bacteria indicate signal that the two species could 
utilize the cellulose degradation as the energy and 
carbon sources (Alruman, 2016). It was different 
from the members of Bacillus group which 
presence at the end of fermentation process. This 
indicated that the members of Bacillus group need 
compounds from bacterial metabolism that work 
at the beginning of the fermentation process. 

The indigenous bacteria diversity that involved 
in fermentation process of water hyacinth and 
corncob mixture were different from day to day. 
The diversity of indigenous bacteria consist of 
species variation, and the numbers of bacteria 
that grow in those materials. The overall bacteria 
diversity during fermentation process were 
classified low (Shannon-Wiener index of diversity 
value = 0,7065). This indicated that during 
fermentation process of water hyacinth and 
corncob mixture there was not a big species 
diversity of bacteria, only a few bacteria species 
involved in the fermentation process. The index of 
evenness each bacteria about 0,3398 was 
categorized low. This indicated that the bacteria 
species diversity were not distributed, only certain 
bacteria species involved in the fermentation 
process. Seven of the bacteria species are 
dominant species during fermentation process, 
except the Bacillus badius that was sub dominant. 
Ramos, et al., (2011) state that each different 
phase fermentation (mesophylic, termophylic, 
cooling and maturing) has different 
microorganisms and involve some kinds of 
bacteria and fungi. 

CONCLUSION 
In summary, fermentation process of the 

mixture of water hyacinth and corncob involved 
eight bacterials species including Staphylococcus 
sp., Enterococccus sp., Bacillus tequiliensis, 
Bacillus brevis, Bacillus badius, Bacillus cereus, 
Bacillus aerius and Burkholderia sp.The diversity, 
evenness, and dominancy of related bacterial in 

those fermentation materials from day to day are 
various. The highest diversity was on the 
fourteenth day, while the highest evenness 
occured at the twelfth day. Seven of bacterial 
species were dominant during fermentation 
process, except Bacillus badius that was sub 
dominant species. 
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