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ABSTRACT 
Fermetodege is an innovation of fermented feed with a mixture of water hyacinth, corn cobs, and rice bran which was developed 

in the manufacture of ruminant feed by utilizing the role of microbes. Fungal communities in the feed fermentation process 

have a role as microbes that can degrade materials containing cellulose to increase the palatability of feed. This study aims to 

determine the diversity of cellulolytic fungi isolated from fermetodege, namely ruminant fermented feed mixed of water 

hyacinth, rice bran, and corn cobs that influence the fermentation process of feed ingredients. Fungi isolation was carried out 

using potato dextrose agar (PDA) media and screened by growing on carboxymethyl cellulose (CMC). Fungi isolates was 

analyzed based on Shannon-Wiener to get the diversity and evenness index, and the Simpson dominance index. There were 

nine cellulolytic fungi isolates with the Shannon-Wiener diversity index value in medium category 1.3423-1.8814 (1<H'<3), 

the evenness index 0.8340-0.9668, and the Simpson dominance index in the low category (close to 0) namely 0.1608-0.3105. 

The results showed that the community structure of cellulolytic fungi in the fermetodege had moderate diversity with an even 

distribution without the dominance of certain species of cellulolytic fungi during fermentation. The diversity of fungi in 

fermetodege: fermented feed mixture of water hyacinth, rice bran, and corn cobs has a diversity of fungi that have the potential 

to be used in the fermentation process. 
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1. INTRODUCTION 

Fermentation has been widely used in animal feed-making 
processes, especially ruminant cattle. Fermentation is used for 
the biodegradation of feed ingredients which generally consist 
of materials with high cellulose content. Feed ingredients with 
high cellulose content have low palatability values and are 
difficult to digest by livestock. Conventional feed ingredients, 
which are generally in the form of leaves and grasses, are also 
known to be uncertain in their availability for a certain period. 
Utilization of the fermentation method in the manufacture of 
animal feed aims to increase the palatability of feed, is also 
useful in helping farmers in providing feed for a longer period 
than conventional animal feed. The basic ingredients of 
fermented feed that can be used because of their abundance 
and high lignocellulose content include water hyacinth, rice 
bran, and corn cobs.  

 

 

Water hyacinth (Eichhornia crassipes) is known as an 
aquatic plant that becomes an aquatic weed that grows rapidly.  

Water hyacinth with uncontrolled growth in waters can have 
an impact on water utilization problems because it can cause 
silting and disruption of aquatic ecosystems [1]. Water 
hyacinth contains lignocelluloses that contain 16.4% 
cellulose, 42.8% hemicellulose, and 6.5% lignin [2]. Based on 
the proximate analyzed the water hyacinth content was 9.3% 
dry matter, 26.9% crude fiber, 12.4% ash content, and 10.5% 
crude protein [3]. High lignocellulose content and good other 
nutrient indicate that water hyacinth can be used as a base 
material for fermented animal feed. The use of water hyacinth 
as a raw material for fermented feed can also support 
environmental conservation efforts from the threat of 
pollution caused by the rapid growth of water hyacinth.  
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Rice bran and corn cobs are agricultural wastes that are 
used properly. Rice bran and corn cobs are materials with high 
lignocellulosic content, because of that, they have the 
potential to be used in the manufacture of fermented feed. Rice 
bran consists of 42.9% cellulose, 26% hemicellulose, and 22% 
lignin [4]. Based on the proximate analysis of rice bran, they 
contain 23.21% crude fiber, 12.35% ash, 16.72% protein, and 
52.87% carbohydrate [5]. Corn cobs are known to have 
lignocellulose content consisting of cellulose 45.88%, 
hemicellulose 39.40%, and lignin 11.32% [6]. Proximate 
levels in corn cobs include 30.93% crude fiber, 2.26% ash, and 
0.61% crude fat [7].  

The basic ingredients of feed in the form of water hyacinth, 
rice bran, and corn cobs are fermented by utilizing the role of 
the microbial community, one of which is cellulolytic fungi. 
The microbial community under controlled conditions during 
the fermentation process plays a role in the biodegradation of 
organic materials such as lignocellulosic [8]. Cellulolytic 
fungi that have the potential to be used in the biodegradation 
process include the genera Aspergillus, Trichoderma, and 
Fusarium [9]. The use of fungi is known to increase the 
nutritional value of biomass materials with lignocellulosic 
content in ruminant feed [10]. 

2. METHODS 

2.1. Materials and Methods Research Materials 

The basic ingredients of fermented feed were used in this 
study consisted of water hyacinth, rice bran, corn cobs, and 
banana leaves. Materials for the isolation process and 
calculation of fungal diversity consisted of potato dextrose 
agar (PDA), carboxymethyl cellulose (CMC), distilled water, 
70% alcohol, spiritus, peptone, MgSO4.H2O, K2HPO4, 
(NH4)2SO2, FeCl3.6H2O, yeast extract, MnSO4, and agar. 

2.2. Fermentation Feed Making 

Fermented feed made from water hyacinth, rice bran, corn 
cobs were made with the 1:1:1 composition of each ingredient. 
The water hyacinth used consists of stems and leaves. The 
feed ingredients must first be ensured in a clean condition. The 
feed ingredients are cut into small sizes (1-3 cm) and then was 
mashed. The refined feed material was dried to reduce the 
water content of the materials. The feed ingredients were 
steamed for 20-30 minutes. The feed ingredients after the 
steaming process were cooled and mixed evenly. The feed 
ingredients were then was put in a basket with banana leaves 
covering [11].  

The fermentation process was carried out in this study was 
solid-state fermentation (SSF) and under natural conditions 
for 15 days. Fungi isolation was performed every day along 
the fermentation process [12]. Temperature and pH 
measurements were carried out during fermentation on the 
top, middle, and bottom of the feed. The temperature and pH 
of each measurement were recorded and averaged to obtain 
daily temperature and pH data. 

2.3. Isolation Fungi Cellulolytic 

Isolation of fungi was performed by the pour plate method 
using 10 g of feed samples taken at random about 10-15 cm 
from the top of the feed. The feed sample was suspended by 
adding sterile distilled water until the volume reached 100 ml. 
The sample was vortexed to homogenize the sample. Isolation 

of fungi was carried out by a series of 10-5 dilutions. Fungal 
isolation samples from the 10-5 dilution series were taken 1 ml 
and cultured on 10 ml of potato dextrose agar (PDA) media 
which had previously been added to the antibiotic 
chloramphenicol.  

Isolates that grew on PDA media after three days of 
incubation were counted the number of colonies and recorded 
based on the number of each colony that had different 
morphology colonies. The fungal isolates were purified by the 
streak plate method based on the results of observations of the 
colony morphological differences of each fungal. The purified 
fungal isolates were grown on carboxymethyl cellulose 
(CMC) media to know fungi cellulolytic activity. The CMC 
media composition included 10 g carboxymethyl cellulose, 3 
g yeast extract, 0.2 g MgSO4.H2O, 5 g K2HPO4, 0.5 g 
(NH4)2SO2, 0.01 g FeCl3.6H2O, 0.001 g MnSO4, 1000 ml 
distilled water, 5 g peptone, and 20 g agar [13]. 

2.4. Cellulolytic Fungi Diversity 

The diversity of isolates fungi was obtained by counting 
the number of colonies that grew on each day along of 
fermentation process. The diversity of fungi that have the 
dominant role in the fermentation process of feed making from 
water hyacinth, rice bran, and corn cobs was known by 
calculating the diversity index which was strengthened by the 
calculation of the evenness and dominance index. Diversity is 
determined based on the Shannon-Wiener diversity index, 
evenness index, and Simpson dominance index calculated by 
the formula followed below [14]. 
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Note: H' = Shannon-Wiener diversity index, ni = the total 
number of individuals of the i-th species, and N = the total 
number of individuals in all species. The level of species 
diversity is classified as low if H'<1, moderate 1<H'<3, and 
high H'>3.      
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Note: E = evenness index, H' = Shannon-Wiener diversity 
index, and S = number of species. Evenness is categorized as 
having an unstable species distribution if the index is close to 
0 and classified as stable if the species distribution is close to 
1.    
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Note: C = Simpson's dominance index, ni = the total 
number of individuals of the i-th species, and N = the total 
number of individuals in all species. The range of dominance 
index values ranges from 0 to 1 with the C value close to 0 
indicating that there are no dominant species in the 
community, and if C is close to 1, there is a dominating species 
in the community 
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3. RESULTS AND DISCUSSION 

3.1. Observation of Temperature and pH during 

Fermentation Process 

Observation of temperature and pH parameters was 
carried out during the fermentation process of feed 
ingredients. Measurement of temperature and pH for 15 days 
in the feed fermentation process showed that there were 
differences in temperature and pH every day. 

 

 

 

 

 

 

 

Figure 1. Graph of average temperature fluctuation for 15 

days of the feed fermentation process 

 

 

 

 

 

 

Figure 2. Graph of average pH fluctuation for 15 days of the 

feed fermentation process 

The observation results of temperature and pH fluctuation 
during the fermentation process showed that there were no 
significant differences in temperature and pH changes, thus 
providing information that the isolation of fungi was correct 
for 15 days of fermentation because it was difficult to 
distinguish the rotation of each fermentation phase that took 
place. 

Temperature and pH fluctuation during 15 days of the 
fermentation process indicated that the fermentation phase 
could not be identified. The highest temperature during 
fermentation was 36.6ºC, while the lowest temperature was 
30.2ºC. Based on pH measurements, the highest pH was 7 and 
the lowest pH was 6.8. Temperature and pH fluctuation in the 
fermentation process indicated the cellulolytic fungi activity 
on the materials. Changes in temperature during fermentation 
indicate an effect of temperature on the enzymatic activity of 
the fungi during the fermentation process [15]. Changes in pH 
during the fermentation process indicated organic acids 
produced by fungi [16]. 

3.2. Fermentation of Feed Ingredients 

Water hyacinth, rice bran, and corn cobs were chopped 
before the fermentation process to reduce the size of the 
material, to accelerate the drying and steaming process. 
Cutting the material into small sizes aims to make it easier for 
microorganisms to decompose the material. The drying 
process was used to reduce the water content of the feed 
ingredients. The low water content of the ingredients was 
needed to avoid the spoilage process of the material and to 
improve the fermentation process. The ideal water content of 
materials ranged from 30–40% [17].  

 The fermentation process was carried out in the natural 
condition with the solid-state fermentation (SSF) method. 
Solid-state fermentation is influenced by several factors 
including the kind of substrate used, temperature, water 
content, and microbial bioactivity [18]. The application of 
solid-state fermentation has a positive impact including 
reduced risk of contamination, needed low cost, easier to do,  
thereby increased productivity during the fermentation 
process [19]. 

3.3. Cellulolytic Fungi Isolation 

The results of the isolation and screening process of 
cellulolytic fungi obtained 9 fungal isolates based on the 
differences in colony morphology. Based on Tabel I, the 
number of all fungal isolates during 15 days of fermentation 
was 1192 colonies. Isolation and screening of cellulolytic 
fungi on fermented feed made from a mixture of water 
hyacinth, rice bran, and corn cobs obtained nine isolates 
including CF1, CF2, CF3, CF4, CF5, CF6, CF7, CF8, and 
CF9.  

TABLE 1. Cellulolitic fungi colony of fermetodege 

Isolate Code Number of colonies each day of along fermentation process Total 

colony 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CF1 3 5 2   5 4 4 2 6 22 10 3 6 25 96 

CF2 14 12 12 16 20 18 17 22 18 14 34 30 34 49 54 368 

CF3 2 3 3 3 7 8 13 6 9 15 11 14 15 6 12 126 

CF4    3 5 6 10 5 7 11 3 7 4 3 3 67 

CF5 3 4 4 2 4           16 

CF6   2 4            6 

CF7 10 14 10 7 11 7 16 15 18 22 14 16    159 

CF8        10 20 17 13 13 33 37 33 176 

CF9      5 18 18 12 10 6 19 30 23 37 178 

Total 32 38 33 35 47 49 78 80 86 95 103 109 119 124 164 1192 
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According to the number of colonies that grow on the 
media was influenced by differences in the absorption of 
nutrients in the substrate and ecological factors [20]. Substrate 
contained cellulose will be hydrolyzed into glucose by 
cellulase enzyme activity. The glucose resulting from this 
degradation process has functioned as a carbon source and 
energy for fungal growth [21].   

3.4. Cellulolytic Fungi Diversity 

The results of the analysis of fungal diversity stated that 
the diversity of fungi was classified as moderate with the 
results of evenness and dominance analysis showing that 
during fermentation the evenness of fungi was classified as the 
same without the presence of dominant species.  

The diversity of cellulolytic fungi during the fermentation 
process of a mixture of water hyacinth, rice bran, and corn 
cobs as a whole based on the calculation of the diversity index 
belonging to the medium criteria with the highest diversity 
index value occurring on the 10th day of fermentation of 
1.8814 and the lowest diversity index value of 1.3423 on the 
first day of fermentation. The value of the diversity index is 
classified as moderate indicating a balanced ecosystem 
condition with sufficient productivity and moderate influence 
of ecological factors [22].  

TABLE 2. Index of diversity,  evenness, and dominance of 
fungi during the fermentation process 

Day of 

fermentati

on 

Number of 

Fungi 

Colony 

Index 

Diversit

y 
Evennes

s 
Dominan

ce 
1 32 1.3423 0.8340 0.3105 

2 38 1.4362 0.8923 0.2701 

3 33 1.5432 0.8613 0.2544 

4 35 1.5123 0.8440 0.2800 

5 47 1.4351 0.8917 0.2766 

6 49 1.6647 0.9291 0.2178 

7 78 1.7097 0.9542 0.1897 

8 80 1.7818 0.9157 0.1891 

9 86 1.7966 0.9232 0.1793 

10 95 1.8814 0.9668 0.1608 

11 103 1.7356 0.8919 0.2046 

12 109 1.8539 0.9527 0.1709 

13 119 1.5289 0.8533 0.2397 

14 124 1.4234 0.7944 0.2849 

15 164 1.5756 0.8794 0.2287 

 

The structure of the cellulolytic fungi community during 
the feed fermentation process had stable evenness and low 
dominance. The evenness index for 15 days of fermentation 
showed a stable community structure based on the evenness 
index value close to 1. The highest evenness index was on the 
10th day of fermentation with a value of 0.9668 and the lowest 
evenness index was 0.8340 on the 1st day of fermentation. An 
evenness index close to 1 indicates that the distribution is even 
across species [23].  

The dominance index obtained during 15 days of 
fermentation did not show a significant difference in index 
values. The highest dominance index value of 0.3105 occurred 
on the first day of fermentation, while the lowest dominance 
index value occurred on the 10th day of fermentation, which 
was 0.1608. A low dominance index indicates that there are 
no certain species that dominate in the community [23]. A low 

dominance index value has a relationship with evenness index 
results. According to the high evenness index value, the 
dominance index value tends to be low [24]. Based on the 
results of evenness and dominance indices, it showed that the 
community structure of cellulolytic fungi during fermentation 
was stable without a tendency for a type of cellulolytic fungi 
to dominate and each type of cellulolytic fungi had the same 
distribution of individuals. 

4. CONCLUSION 

The diversity of cellulolytic fungi isolated from fermented 
feed mixed with water hyacinth, rice bran, and corn cobs 
during the fermentation process included moderate criteria 
based on the Shannon-Wiener diversity index with diversity 
index values ranging from 1.3423-1.8814 (1<H'<3). The 
evenness index ranged from 0.8340-0.9668 and Simpson's 
dominance index was categorized as low (close to 0) ranging 
from 0.1608-0.3105 indicating that the cellulolytic fungi 
community structure had an even distribution without the 
dominance of certain cellulolytic fungi during the 
fermentation process. The diversity of fungi in fermetodege: 
fermented feed mixture of water hyacinth, rice bran, and corn 
cobs has a diversity of fungi that have the potential to be used 
in the fermentation process. Fungal isolates that play a role in 
feed fermentation can then be selected to obtain candidate 
microbial starters in the fermentation process of cellulose 
materials. 
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