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ABSTRACT 
The purpose of this research was to study the comparison of sorghum straw (Sorghum bicolor (L.) Moench) digestible 
quality with or without Indigofera (Indigofera sp) by in vitro analysis. The sorghum  were added at 5% dry matter to 
100% sorghum straw (T0), 70 % sorghum straw + 30 % Indigofera (T1) and 30 % sorghum straw + 70 % indigofera 
(T2) respectively. Together with a control for each (without any addition of indigofera), these diets were incubated in 
an in vitro rumen fermentation system, performed for three runs, with each run represented by two incubation units. The 
data were analyzed using two-way variance analysis (ANOVA), followed by Duncan's test. The experiment design of 
completely randomized (CRD) was applied for DMD, N-NH3, and TVFA. The results showed that the effect of the 
treatments was not significant (P>0.05) on the observed variables such as DMD, the concentration NH3, and TVFA. 
This research indicated that sorghum straw with or without Indigofera in ration did not affect the concentration of DMD, 
N-NH3, and Total VFA. Thus, it can be concluded that the use of sorghum straw with or without indigofera is not 
recommended as a ration for ruminants. 
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1. INTRODUCTION 

Sorghum (Sorghum bicolor (L.) Moench) and 
Indigofera (Indigofera sp) can be relied on as a source of 
animal feed, especially in marginal and dry areas in 
Indonesia, because they have good adaptability and 
nutritional quality. Moreover, The addition of feed with 
sorghum rations in cows increased daily body weight 
gain (DBWG) and the performance of reproductive 
organs [1] [2].  

Sorghum straw can increase dry matter digestibility 
(DMD) because it has a positive effect on feed 
consumption and digestibility. On the other side, the 
concentration of NH3 and the concentration of Total 
Volatile Fatty Acid (TVFA) produced also increased, 
which could be helpful in the process of degradation and 
protein synthesis by rumen microbes[3]. Furthermore, 
previous studies showed that the use of sorghum in 
buffaloes could increase the concentration of NH3 [4]. 
Indigofera (Indigofera sp) is a forage that contains 

structural and non-structural carbohydrates. The 
nutritional value is quite good, especially for high 
protein, which potentially be used as  livestockfeed  

Indogofera rich of nitrogen, phosphorus, potassium, 
and calcium. The nutritional values of Indigofera leaf are 
25.77% crude protein, 12.40% crude fiber, 13.08 
mg/100g  calcium, and 0.22 mg/100g  phosphor  [5]. The 
level of Indigofera production is relatively good. The 
average production per harvest reaches 2.6 ton of 
DM/ha/year in acidic soil conditions [6], while in red and 
yellow podzolic soil conditions or soils formed from high 
rainfall with a neutral pH reaching 4.096 ton DM/ha/year 
at the age of 88 days [7]. The use of rations containing 
bush leaves/legumes can improve the digestibility of dry 
matter [8]. 

The total VFA produced from rumen fermentation of 
animal fed Indogovera leaf  indicated the good quality of 
feed and the feed fermentation process efficiently in the 
rumen [9]. The use of sorghum straw as animal feed has 
a high crude fiber digestibility value when complemented 
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with a non-nitrogen protein (NPN) source and support 
rumen fermentation in vitro [3]. Research on the 
digestibility of sorghum straw as feed is already 
available, but the combination with Indigofera is not 
available. Thus research on the utilization of  Sorghum 
straw with and without Indigofera needs further 
observation. 

2. MATERIALS AND METHOD  

2.1. Research Method 

This study used experimental Completely 
Randomized Design (CRD) with three treatments and 
five replications, namely treatments were 100% Sorghum 
straw as control (P0), treatment Sorghum straw 70% + 
Indigofera 30% (T1), and Sorghum straw 30% + 
Indigofera 70% (T2). The observed variable in this 
research was dry matter digestibility (DMD), the 
concentration of N-ammonia (N-NH3), and the total 
volatile fatty acid (VFA). 

2.2. Sample Preparation 

2.2.1. Preparation of McDougall Solution 
 (artificial saliva) 

The preparation of McDougall's solution is divided 
into several stages. First, 2.5 liters of distilled water and 
a five-liter volumetric flask that has been provided are 
placed on a magnetic stirrer. Then, the following 
ingredients were added: Na2CO3 (49g), Na2HPO47H2O 
(35g), KCL (2.85g), NaCl (2.35g), MgSO47H2O (0.6g) 
and CaCl2 solution (0.2g) were stirred with a spatula 
while adding 100 ml of distilled water. After the first 
process is complete, the resulting solution is put into a 
measuring flask and rinsed with distilled water until the 
water level reaches the mark then Autoclave at 121°C at 
1 atm for 24 hours. 

2.2.2. In vitro Digestibility Test 

2.2.3. The rumen fluid as rumen microbe inoculum was 
taken from livestock and filtered through 4 layers of 
gauze. Then the rumen fluid was diluted (1: 2) with 
McDougall solution during continuous frushed  CO2 gas. 
A grinding process mashed feed materials, then used as a 
substrate. The sample was put into a fermentor bottle, and 
20 ml of rumen liquid was added while CO2 gas flowed. 
The fermenter bottle was closed with a butyl rubber 
stopper and then anaerobically incubated for 24 hours at 
a temperature of 39℃ using a 180 rpm water bath shaker. 
At the end of incubation,  the sample was then transferred 
into a 50 ml centrifuge tube, centrifuged at 2000 rpm for 
10 minutes, then cooled to stop the fermentation process. 
The supernatant was used to determine the total VFA and 
ammonia concentration, while the residue was used to 
determine the dry matter digestibility. Dry matter 

digestibility was calculated by placing the residue in an 
oven at 105℃ for 72 hours. The residual mass obtained 
was calculated as a percentage of dry matter in vitro.Dry 
Matter Digestibility (DMD) Concentration Measurement 

Fill the tube with one gram of sample and 40 ml 
Mcdougall liquid. The fermentor tube was then put into a 
shaker water bath with a temperature of 39℃, then filled 
with 10 ml of rumen fluid. The tube was then shaken and 
flowed with CO2 for 30 seconds. Then covered with 
ventilated rubber and fermented for 48 hours. After 48 
hours of fermentation, HgCl2  was added with about 2-3 
drops to kill the microbes. The fermenter tube was then 
put into a centrifuge and centrifugated at 4,000 rpm for 
10 minutes. The results of the centrifugation were filtered 
using filter paper. The supernatant was collected, and the 
residue was added with 50 ml of 0.2% pepsin-HCl 
solution. The sediment on the filter paper is put on a 
porcelain dish after putting it in a 105⁰C oven for 48 
hours. After 48 hours, the porcelain cup containing the 
filter paper with the residue was cooling down in a 
desiccator and weighed to determine the residual feed dry 
matter. 

2.2.4. The concentration of N-Ammonia (N-
 NH3) Measurement 

The concentration of NH3 was measured using the 
Conway microdifusion method. A total of 1 ml of rumen 
fluid supernatant was placed on one side near the Conway 
dish, and on the other side, 1 ml of saturated Na2CO3 
solution was placed. The Conway plates are positioned 
so that they do not mix before the cup is tightly closed. 
In the Conway cup, 1 ml of the boric acid solution with 
the indicator is placed. The cup is tightly closed with 
Vaseline. The supernatant and Na2CO3 solution were 
evenly mixed by shaking the cup. The ammonia released 
from the reaction between the two materials then be 
captured by boric acid, shown by a change in color. After 
24 hours, ammonium borate was titrated with 0.005 N of 
H2SO4 solution until the color changed to boric acid's 
original color. 

2.2.5. VFA Total Concentration Measurement 

The steam distillation method used the steam 
distillation method to measure the total concentration of 
volatile fatty acid (VFA) [10]. Five ml of the supernatant 
prepared for VFA analysis were then put into a 
distillation tube. Sulfuric acid 15% was added, then the 
tube was covered with a rubber cap and connected to a 
cooling flask. The distillation tube was put into a 
distillation flask containing boiling water. Hot water 
vapour stimulates volatile fatty acid (VFA) and will be 
condensed in the cooling flask. The distillate was 
collected in an  Erlenmeyer flask containing 5 ml of 0.5 
N NaOH until 250 ml. Then 3 to 4 drops of the 
phenolphthalein (P.P.) indicator was added, followed by 
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titration with 0.5 N HCl until the color changed from pink 
to colorless. 

2.3. Data Analysis 

The data were analyzed using analysis of variance 
(ANOVA) with a factorial arrangement, in which the first 
factor was the substrate. The following statistical model 
was employed: When a parameter was statistically 
significant at p < .05, it was followed by a Duncan's Multi 
Range Test (DNMRT) test. The statistical analysis was 
conducted employing ms. excel [11]. 

3. RESULT AND DISCUSSION 

3.1.1. Dry Matter Digestability (DMD) 

Dry matter digestibility (DMD) is an indicator of 
ration quality. The higher the digestibility, the higher the 
chances of nutrition being digested by livestock. The 
digestibility of dry matter can be used to determine the 
quality of feed. The value of dry matter digestibility 
shows how much rumen microbes utilize nutrients in the 
feed. The average dry matter digestibility values in this 
study can be seen in Table 1. 

Table 1. Average DMD of Sorghum straw and Indigofera 

Treatments Average DMD % 

Sorghum straw 100 % (P0) 40,62±5,52 

Sorghum straw 70 % + Indigofera 
30 % (T1) 

37,37±7,56 

Sorghum straw 30 % + Indigofera 
70 % (T2) 

33,84±4,49 

 

Based on Table 1, it can be seen that the average dry 
matter digestibility from the highest to the lowest values 
was the 100% sorghum straw (P0): 40.62 ± 5.52, 70% 
sorghum straw + 30% Indigofera (T1): 37,37 ± 7.56, and 
30% sorghum straw + Indigofera 70% (T2): 33.84 ± 4.49, 
the average percentage of dry matter digestibility for all 
treatments ranged from 33.84% to 40,62%. 

The feed ratio used in this study was forage-based 
feed, in which the dry matter digestibility value was not 
as high as of concentrate-based feed. The dry matter 
digestibility value reaches of concentrate-based feed is 
74.50% [12]. The variance analysis showed that the 
treatment of Sorghum straw with or without Indigofera 
was not significantly affected (P> 0.05) on the 
digestibility of dry matter. This finding indicates that the 
use of sorghum straw with or without Indigofera in the 
feed did not affect the rumen fermentation process. The 
low value of DMD might be due to the existence of the 
anti-nutritional substances in the form of tannins in the 
Indigofera, affecting the average digestibility of dry 
matter. 

Several previous studies reported that tannins plants 
affected dry matter's digestibility [13] [14]. The anti-
nutritional substances such as tannins contained in 
legumes negatively affected feed digestibility. Tannins 
can inhibit microbial activity in degrading the feed dry 
matter [15]. The tannin contained in the animal feed is 
considered anti-microbial, which causes inhibition of the 
degradation of dry matter digestibility by rumen 
microbes [16]. Another factor that possibly caused the 
insignificant treatment effect on the dry matter 
digestibility was the high crude fiber (CF) content in the 
form of lignin in sorghum straw. Lignin in sorghum straw 
was significantly higher than in Indigofera. 

The high crude fiber in sorghum straw reflects the 
high lignin fraction that binds cellulose and 
hemicellulose, which causes the low digestibility [17]. 
The crude fiber in sorghum straw is around 34-37% [18], 
while the crude fiber in Indigofera is 12% [19]. The high 
crude fiber in sorghum straw affected the average dry 
matter digestibility [20]. It is suspected that this factor 
affects the dry matter digestibility rate. The high crude 
fiber in sorghum straw is closely related to ADF 
digestibility. ADF containing lignocellulose affects dry 
matter digestibility and becomes insignificant [17]. The 
ADF content in sorghum straw ranges from 37.12% [1]. 

3.1.2. Concentration of N-Amonia (N-NH3) 

N-Ammonia or N-NH3 in the rumen is a critical 
intermediary in microbial degradation and protein 
synthesis. If the feed lacks protein or the protein in the 
feed is difficult to be degraded. The ammonia 
concentration in the rumen will decrease, causing 
decreased microbes growth in the rumen, and the 
consequence is a slower breakdown of carbohydrates. 
The N-NH3 concentration data in this study can be seen 
in Table 2. 

Table 2. Concentration of N-Ammonia 

Treatments Average (mM) 

Sorghum straw 100% (P0) 1,47±0,98 

Sorghum straw 70 % + Indigofera 30 
% (T1) 

1,17±0,59 

Sorghum straw 30% + Indigofera 70 
% (T2) 

1,72±0,47 

 
Based on the data in  Table 2, it can be seen that the 

highest to the lowest average value of N-NH3were at 
treatments of 30% Sorghum straw + 70% Indigofera 
(T2): 1.72 ± 0.47 (mM), 100% Sorghum straw (P0): 1.47 
± 0.98 (mM), and 70% Sorghum straw + Indigofera 30% 
(T1): 1.17 ± 0.59 (mM). The variance results showed that 
the treatment did not significantly affect the 
concentration (P> 0.05). N-NH3. 
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Sorghum straw with or without Indigofera did not 
affect the process of feed degradation by rumen 
microorganisms which could illustrate that the ammonia 
produced was unable to have a significant impact on 
rumen microbial synthesis due to the imbalance in the 
availability of energy and protein in the rumen.. 
According to [21], the higher degree of synchronization 
of energy and nitrogen release increased microbial 
protein synthesis partly via influencing the bacterial 
community, metabolism, and enzyme activities of 
ammonia assimilation in the in vitro fermenters. 
Indigofera has 27% protein content, and sorghum straw 
with 13% protein affect the concentrations of NH3 that 
accumulate in the rumen. The contribution of NH3 to 
ruminants is significant considering that the precursor for 
microbial protein is NH3. NH3 content in the rumen 
affects the amount of microbial protein synthesis as a 
source of the cell protein [22].  

Another factor that caused the N-NH3 average was 
not significantly different between treatments is the 
absence of ammonia absorption in the in vitro system, 
which causes ammonia accumulation in the fermenter 
bottle. Residual ammonia is not used in microbial protein 
synthesis and the carbon framework derived from 
carbohydrate fermentation. It can also come from protein 
contribution from lysed microbes [23]. 

3.1.3. Total Volatile Fatty Acid (VFA) 

The total volatile fatty acid is the end product of 
carbohydrate fermentation and is the primary energy 
source for ruminants. Digested feed during the rumen 
fermentation process will be converted into the main 
product as VFA, a source of energy for an animal, and 
microbial biomass, the primary source of protein for 
livestock. The fermentation of carbohydrates by rumen 
microbes produces energy in the form of the essential 
fatty acids (VFA) majority are acetic, propionic, and 
butyric acids. The results of the Total VFA data in this 
study can be seen in Table 3. 

Tabel 3. Total Volatile fatty acid  (TVFA) of the 
treatment  

Treatments 
Average TVFA 

(mM) 
Sorghum straw 100% (P0) 180,0±28,28 

Sorghum straw 70% + Indigofera 
30 % (T1) 

207,5±25,00 

Sorghum straw 30% + Indigofera 
70 % (T2) 

217,5±43,49 

 
Based on table 3, it can be seen that from the highest 

to the lowest average total VFA value were 30% 
Sorghum straw + 70% Indigofera (T2): 217.5 ± 43.49 
(mM), 70% Sorghum straw + 30% Indigofera (T1): 207.5 

± 25.00 (mM), and 100% Sorghum straw (P0): 180.0 ± 
28.28 (mM). The variance results showed that the total 
VFA among treatments was not significantly different 
(P> 0.05). 

This result showed that the fermentation process 
disrupts ammonia's effectiveness to be used by bacteria 
for microbial protein synthesis and the growth of the 
microbes. One of  the rumen bacteria contributions was 
to produce VFA, which will be used as an energy source 
for the host animal and a carbon source for the bacteria 
itself [12]. However, the high concentration of VFA can 
also be influenced by the concentration of ammonia in 
the rumen because ammonia has an essential role in the 
synthesis of microbes in the rumen, which can further 
contribute to the degradation of feed in the fermentation 
process to produce energy and carbon sources.. It was 
proved that NH3 has an essential role in VFA production 
in the rumen as an energy source [21]. 

Another factor influencing the VFA  concentration is 
the amount of energy. VFA as the carbon framework was 
needed in every mole of ammonia for microbial protein 
synthesis under in vitro conditions [22], [23]. Total VFA  
in the fermentation of feed ration of sorghum straw with 
or without Indigofera in this study did not significantly 
differ among treatments. This result is the same as the 
research conducted that fermented Sorghum, and 
Indigofera with the addition of torbangun (coleus 
amboinicus lour) leafs shows no significant difference in 
the total VFA [24]. 

4. CONCLUSION 

This study concluded that the addition of the 
proportion of sorghum straw with or without Indigofera 
in the ratio could not increase the Concentration of DMD, 
N-NH3, and Total VFA. 
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