
 

                                                                           P – ISSN : 3024-442 
          E - ISSN:3025-3740 

Available online at: http://ojs.ummy.ac.id/index.php/janaps/index 

 

 Journal of Animal Nutrition and Production Science                                                                                      71 
 

Effect of Fermentation Time for a Combination of Rice Straw and Tithonia 

(Tithonia diversifolia) on the NDF, ADF, and Cellulose Content as Ruminant 

Feeding 

A. L. Muhajir, T. Astuti, and A. Asri, 

aDepartment of Animal Science, Faculty of Agricultural, University Mahaputra Muhammad Yamin,   

Solok, West Sumatera. Indonesia 

ABSTRACT 

This research aims to examine the effect of fermentation time for rice straw and tithonia 

(Tithonia diversifolia) on local microorganisms in the rumen of cows. This research was carried out 

using a Completely Randomized Design with four treatments and 4 replications. Treatments 

consisted of P0 (Combination of rice straw and tithonia without local microorganisms), P1 

(Combination of rice straw and tithonia with 0 Day Incubation ), P2 (Combination of rice straw and 

tithonia with 7 Day Incubation ), and P3 (Combination of rice straw and tithonia with 14 Day 

Incubation. The variables measured are NDF, ADF, and Cellulose. The results of the analysis of 

variance showed that the effect of fermentation of rice straw and tithonia with local microorganisms 

in the rumen content had a very significant effect (P<0.01) on NDF, ADF, and Cellulose. Based on 

this research, it shows that the combination of rice straw and tithonia can increase the content of 

NDF, ADF, and Cellulose. 

Keywords: Rice straw, tithonia (Tithonia diversifolia), fermentation, local microorganisms,   

                    fiber fraction. 

 

INTRODUCTION 

The feeding needs for maintenance of 

livestock, growth, reproduction, and 

production. Feed availability for ruminants 

must be sufficient, contain good nutrients, 

and be sustainable throughout the year. Field 

grass as the main forage source for ruminants 

generally fluctuates according to seasonal 

patterns, where production is abundant in the 

rainy season and conversely limited in the dry 

season (Lado, 2007).  Limited forage can be 

overcome by utilizing by-products from 

agricultural and plantation production.  Rice 

straw availability is quite abundant, 

especially at harvest time. In particular, the 

Solok area is famous for its production of 

Bareh Solok which has a delicious taste when 

made into rice, so rice has become an icon for 

the Solok area. This straw can be used as 

animal feed to replace forage. The amount of 

straw in Solok City in 2019 with a rice field 

area of 23,438 (ha) was 13686.6 (tons) and 

the amount of straw in Solok Regency in 

2019 was 17583.07 (tons) with a land area of 

875.95 ha (BPS Solok City and Regency, 

2020). This condition causes a fairly 

abundant amount of straw as a by-product of 
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the rice harvest.  The availability of straw 

reaches around 55 million tons a year and 

only 31-32% is used as animal feed (Syamsu, 

2006). 37% of rice straw waste is burned, 

36% is used as compost and cage bedding, 

and only 15% - 22% is used as a source of 

animal feed (Agricultural Research and 

Development, 2012).  The straw as feed has a 

low nutritional content. According to 

Jorgensen and Olsson (2006), rice straw 

contains 35-50% cellulose, and 25-30% 

hemicellulose. Meanwhile, according to 

Srithongkham, et al, (2012), the contents of 

rice straw are 30-35% cellulose, 25-30% 

hemicellulose, 15-25% lignin, and 4.7% ash. 

Meanwhile, according to Drake et al, (2002), 

rice straw has a crude protein content of 2-

7%, lignin 6-7%, and silica 12-16%.  The 

nutritional content of rice straw is less 

efficient if used as a sole forage source, it 

needs to be combined with other types of 

forage that can increase the nutritional value 

of rice straw, one of which is Tithonia 

(Tithonia diversifolia).  There are cultivated 

in West Sumatra can produce as much as 30 

tons of fresh material or 6 tons of dry material 

per year on a land area of around 1/5 ha. 

(Hakim, 2001). The only a little bit using 

Tithonia as compost or natural pesticide, and 

it is not widely used as animal feed, especially 

ruminants.  The nutritional content of tithonia 

it is necessary to use animal feed 

processing technology that is cheap and 

easy to use before being used as a feed 

ingredient, one of which is fermentation 

technology. Many studies on the 

fermentation of feed ingredients have 

been carried out using fungi, bacteria, 

yeast, and other commercial products that 

can be found on the market. However, 

some of them require a fairly complicated 

rejuvenation process and are quite 

expensive. In this research, fermentation 
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is dry matter 25.57%, crude protein 22.98%, 

crude fat 4.71%, crude fiber 18.17%, NDF 

61.12%, ADF 40.15%, Hemicellulose 

20.97%, Cellulose 34.59%, and Lignin 4.57% 

(Jamarun et al., 2017). According to Fasuyi et 

al. (2010), tithonia leaves contain complex 

amino acids. The content of tithonia amino 

acids such as lysine, arginine, aspartate, 

glutamate, methionine + cystine, isoleucine, 

tyrosine, and phenylalanine is high compared 

to other amino acids. However, besides 

tithonia having a fairly high nutritional 

content, this plant has limiting factors that are 

a problem in its use in livestock rations, 

namely phytic acid, tannins, saponins, 

oxalates, alkaloids, and flavonoids. 

 Because of the limiting factors of rice 

straw and Tithonia (Tithonia diversifolia), 
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will be carried out using local 

microorganisms.        

Local microorganisms are 

fermentation solutions made from various 

available resources, which contain several 

microorganisms that have the potential to 

transform organic materials. Research by 

Astuti (2012) states that the bioprocess 

using Local microorganisms is simpler 

compared to fermentation with bacteria or 

mold which is usually done because 

fermentation with Local microorganisms 

does not require rejuvenation and making 

inoculum media. Fermentation of banana 

peels with local microorganisms in the 

rumen can increase the digestibility of 

banana peel organic matter from 45.08% 

to 57.34%.  Rumen contents are 

slaughterhouse waste which can pollute 

the environment. The availability of rumen 

contents is abundant, which can be seen 

based on the number of cattle and buffalo 

slaughtered at the slaughterhouse. Cow 

rumen fluid apart from containing rumen 

microbes and enzymes secreted by rumen 

microbes, contains food substances 

resulting from the breakdown of rumen 

microbes and enzymes, as well as vitamins 

and minerals that dissolve in rumen fluid. 

is 9.29% water; 8.45% crude protein; 

1.23% crude fat; 33.53% crude fiber; 

0.20% Ca; 0.45% P; 16.19% ash; and 

31.60% NFE, and vitamin B12 contained 

in the rumen has the potential as a feed 

additive (Wizna et al. 2008).  This study 

aims to determine the fiber fraction 

content in rice straw combined with 

tithonia (Tithonia diversifolia) fermented 

using local microorganisms with different 

incubation times. 

 

RESEARCH METHODS 

This research using a method is an 

experimental  Completely Randomized 

Design with four types of treatment and 

four replications. The treatments in this 

study were as follows: P0 = Combination 

of rice straw and tithonia without local 

microorganisms (without incubation), P1 

= Combination of rice straw and tithonia 

with mole without incubation (0 days), P2 

= Combination of rice straw and tithonia 

with mole without incubation for 7 days, 

P3 = Combination of rice straw and 

tithonia with mole without incubation for 
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14 days.   The parameters measured in 

carrying out this research are Neutral 

Detergent Fiber (NDF), Acid Detergent 

Fiber (ADF), and Cellulose Content.

  

The process of making local microorganisms  

1. The contents of the rumen taken from 

the slaughterhouse are mixed with 

water soaked in soybeans and molasses 

in a tightly closed jar. 

2. Make a hole in the lid of the jar and 

connect it with a small cross to the 

bottle containing the distilled water. 

3. The lid of the jar is wrapped with duct 

tape  to prevent air from entering. 

4.  Then fermented for seven days. 

 

Fermentation Process 

1) Rice straw and tithonia waste which 

will be used as animal feed according to 

needs are ground using a chopper 

machine. 

2) Rice straw and tithonia waste that will 

be used for fermentation are weighed with 

75% and   

25% treatment respectively. 

3) Then put it in a plastic bag and mix it 

with a 20% mole solution of the sample 

material, then   

stir until evenly mixed. 

4) After that, compaction (air 

compression) is carried out, then tied 

with pieces of rubber and   

incubated for 7 days and 14 days. 

5) After 7 and 14 days, the plastic bag is 

opened and then aired. After that, it is 

dried in an oven   

at a temperature of 600C and crushed 

for laboratory testing. 

    RESULTS AND DISCUSSION 

        The average content of NDF, ADF, 

Cellulose, and Hemicellulose in a 

combination of rice straw and tithonia 

(Tithonia diversifolia) fermented with 

different incubations can be seen in Table 1.  

Based on the results of statistical analysis, 

showed that fermentation of rice straw and 

tithonia using local microorganisms source 

rumen content of cow with different 

incubation times had a highly significant 

effect (P<0.01) on the NDF content. This is 

because microorganisms need different 

amounts of  

time for each substrate, to produce fiber-

digesting enzymes optimally. 
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        Table 1. Average NDF Content of ADF, Cellulose, and Hemicellulose in a combination of   

                fermented rice straw and tithonia (Tithonia diversifolia). 

Perlakuan NDF (%) ADF Selulosa 

P0 61.98a 51.44 a 39.20 a 

P1 58.58 b 45.61 b 35.39 b 

P2 63.19 a 53.26 a 40.22 a 

P3 63.54 a 54.59 a 40.46 a 

SE 0.72 0.70 0.78 
Note:  

Different superscripts (a, b) in the same column indicate 

very significantly different (P<0.01).  

 P0 = Combination of rice straw and tithonia without local microorganisms (not fermented). 

 P1 = Combination of rice straw and tithonia with without incubation for 0 days. 

 P2 = Combination of rice straw and tithonia fermentation with incubation for 7 days. 

 P3 = Combination of rice straw and tithonia fermentation within incubation for 14 days. 

 

According to Rahayu, (1990), the speed of 

fermentation determines the amount of 

enzyme produced, the longer the 

fermentation time used, the more material 

will be broken down by the enzyme. The 

results of further tests using DNMRT 

showed that the NDF content in treatment 

P0 was significantly different from P1 but 

was not significantly different from 

treatments P2 and P3 while P2 was not 

significantly different from P3. Treatment 

P1 has the lowest NDF content. It is 

suspected that in this treatment some of 

the hemicellulose was dissolved during 

the incubation process because 

hemicellulose is part of the NDF. The low 

NDF content in treatment P1 was due to 

the treatment of rice straw and tithonia 

which added 20% mole without 

incubation. It is suspected that the 

microbes which are abundant in the mole 

have begun to absorb the nutrients needed 

in preparation for the fermentation 

process, but have not yet achieved 

maximum results from the fermentation 

product.   

 The greater the number of microbes, 

the more substrate nutrients are used. 

Astuti's research results (2020) showed 

that the highest number of fungal 

colonies was found in rumen-content as 

local Microorganisms with the addition 

of oil palm fronds, as much as 

655.83x104 CFU / ml. In treatment P2,  
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it was seen that there was an increase in 

NDF content with increasing incubation 

time to 7 days. According to Yunus 

(2017), the longer the fermentation time, 

the longer the activity of microorganisms 

degrades easily digestible cell wall 

components such as cellulose and 

hemicellulose. The increase in NDF 

levels indicates that cellulolytic 

microbial activity is insufficient in 

breaking down complex compounds into 

simpler compounds. Cellulolytic 

microbes that are not optimal cause the 

work of the cellulase enzyme to renovate 

cell walls (NDF), which mostly contain 

cellulose and lignin, into simpler 

compounds, which is not enough so that 

the portion of the cell wall (NDF) 

increases. Judoamidjojo et al. (1989) 

stated that the cellulase enzyme produced 

by cellulolytic microbes is used to 

hydrolyze cellulose. The results showed 

that the average NDF increased with 

increasing fermentation time. 

Cellulolytic fermentation occurs due to 

the activity of microorganisms that 

produce cellulase enzymes which 

function to break down complex 

compounds from their substrates. 

Akmal's (2003) opinion stated that the 

decrease in NDF content was caused by 

the breaking of lignocellulose bonds 

during fermentation by the growing 

microbial activity. 

The results of statistical analysis 

showed that rice straw and tithonia 

fermentation treatments using rumen-

content as local microorganism with 

different incubation times had hight 

significant effects (P<0.01) on ADF 

content. This is due to the influence of 

the high N in ADF which cannot be 

degraded by enzymes produced by 

microbes, so that soluble carbohydrates 

are reduced in availability in the feed 

material substrate. These carbohydrates 

are utilized by rumen microbes to 

maintain their lives so that their number 

decreases resulting in the components 

that make up ADF proportionally 

increasing followed by an increase in 

ADF levels.  Following the opinion of 

Judoamidjojo (1989), the growth rate of 

microbes decreases due to a reduced 

supply of substrate nutrients.
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 The results of further tests using 

DNMRT showed that the ADF content in 

treatment P3 was higher than in 

treatments P2, and P0, and treatment P1 

was significantly lower than P3. The low 

ADF content in treatment P1 was due to 

the increase in lignin in plants which 

resulted in a decrease in hemicellulose.  

The decrease in the average ADF level in 

treatment P1 is thought to have occurred 

due to cell wall remodeling during the 

fermentation process. Dissolution of 

some cell wall proteins and 

hemicellulose in acidic detergent 

solutions, thereby increasing the portion 

of ADS and causing a decrease in ADF 

levels. This is the opinion of Arief (2001) 

who stated that the decrease in NDF and 

ADF was caused because during 

fermentation there was a stretching of the 

lignocellulose bonds and hemicellulose 

bonds which caused the bound cell 

contents to dissolve in the neutral 

detergent solution. This causes the cell 

content (NDS) to increase, while the feed 

components that are insoluble in the 

detergent solution (NDF) decrease.  

Tanuwijaya (1987) stated that biological 

degradation during the fermentation 

process is one way of changing materials 

containing fiber components such as 

cellulose and lignin into useful materials 

such as monosaccharides, disaccharides, 

or cellobiose. The easily digested 

component of ADF is cellulose, while 

lignin is difficult to digest because it has 

double bonds. If the lignin content in the 

feed is high then the digestibility 

coefficient of the feed will be low 

(Sutardi, 1990). The ADF value is related 

to the energy content, where the higher 

the ADF value, the lower the digestible 

energy content. In this study, the 

fermentation of rice straw and tithonia 

which had the lowest value was P1. The 

difference in average ADF levels is 

caused by fermentation treatment which 

can loosen lignocellulose bonds so that 

they are easily digested by enzymes 

secreted by bacteria, which causes the 

dry matter and crude fiber content to 

decrease so that ADF levels decrease. In 

this research, in the P3 treatment, which 

obtained an average ADF content result 

of 54.59%, there was an increase in the 

average ADF content result in the P3 

treatment of 57.46% according to the 

research results of Usman (2019).  
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Cellulose is the main structural 

component of the cell walls of green 

plants.  

The results of the statistical 

analysis showed that the combination 

treatment of rice straw and tithonia 

fermentation had a hight significant 

effect (P<0.01) on the Cellulose content, 

the average results of the Cellulose 

content ranged from 35.39% to 40.46%. 

The results of further tests using DNMRT 

showed that the cellulose content in 

treatment P1 was lower than in 

treatments P0, P2, and P3. Treatment P3 

was significantly higher than treatment 

P1. The level of fermentation time had a 

very significantly different effect on the 

cellulose content of rice straw and 

tithonia. This is thought to be because the 

carbohydrates used by microorganisms 

are unable to produce the cellulase 

enzyme which functions to degrade 

cellulose into glucose. This is by the 

opinion of Singgih et al., (2013) that the 

cellulase enzyme is an enzyme that 

digests crude fiber components which 

will increase the digestibility value of 

crude fiber.  According to Anggorodi 

(1979), cellulose cannot be digested and 

cannot be used as a feed ingredient 

except in ruminant which have 

cellulolytic microorganisms in their 

rumen. These microbes can digest 

cellulose and allow the final results of 

digestion to be beneficial for ruminants. 

Also supported by the opinion (Church et 

al, 1998) that ruminant microorganisms 

can produce quite a lot of cellulase 

enzymes, so ruminants can digest and 

utilize cellulose well. Most cellulose is 

associated with lignin, therefore it is 

often called lignocellulose. Cellulose, 

hemicellulose, and lignin are produced 

from the photosynthesis process. 

According to Amnur (2015), the 

cellulase enzyme is an enzyme produced 

by microorganisms that functions to 

degrade cellulose into glucose while 

Fogarty (1983) stated that cellulose is the 

main component that makes up plant cell 

walls, apart from hemicellulose and 

lignin. Cellulose is part of the fiber 

fraction that is difficult to destroy in the 

digestive system, however, because 

rumen microorganisms produce quite a 

lot of cellulase enzymes, ruminants can 

digest and utilize cellulose well.  The 

average cellulose content in this study 
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was obtained in the P3 treatment at 

40.46% compared to research conducted 

by Karim (2014), the average cellulose 

content increased with the highest value 

obtained in the P5 treatment at 33.06%.  

Based on the results of the research that 

has been carried out, it can be concluded 

that the effect of fermentation time for 

rice straw and tithonia has a very 

significantly different effect. (P<0.01) on 

the content of NDF, ADF, and Cellulose. 

 

 

CONCLUSION 

Based on the results of the research 

that has been carried out, it can be 

concluded that fermentation time for 

rice straw and tithonia has a hight 

significant effect (P<0.01) on the 

content of NDF, ADF, and Cellulose. 
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