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INTRODUCTION 
 
The Rice straw is the most potential agricultural waste among other agricultural wastes because the quantity is high and the 

availability exceeds the amount needed by ruminants but the use of rice straw as feed has limiting factors, namely high crude 

fiber and low nitrogen content [1]. High crude fiber inhibits the process of hydrolysis by microbial enzymes in the rumen, 

thereby reducing the level of digestion [2]. The digestibility value of dry ingredients of rice straw only reaches 35-37% and the 

crude protein content is only about 3-4%, even though ruminants require feed foraged ingredients with a minimum digestibility 

value of 50-55% and crude protein content of about 8% [3]. The results of the research on the crude protein content of rice straw 

in Indonesia also showed varied results. Rice straw from South Sulawesi contains crude protein of 4.31%. [4], Aceh 4.90%. [5], 

Mataram, Lombok 4.74%. [6], Bali 3.45% [7]. 

The low protein content of crude rice straw, it is necessary to increase efficiency through an appropriate feed technology. One of 

the appropriate feed technologies used in the processing of animal feed ingredients is biological processing to improve the 

digestibility of feed. However, the use of rice straw directly as a single feed cannot meet the supply of nutrients needed by 

livestock, so it needs to be substituted with high-quality concentrate feed ingredients sourced from legume crops namely 

lamtoro, gamal and Indigofera. 

 

Ruminant livestock feed mostly consists of forages containing structural carbohydrates in the form of crude fiber (cellulose and 

hemicellulose) and non-fermentable non-structural carbohydrates (sugar and starch), both of which will be fermented into flying 

fatty acids, [8]. Flying fatty acids can be used for the growth of rumen microorganisms which help digest crude fibers in the 

rumen as well as a source of carbon skeletons for the formation of microbial proteins [9]. The combination of Leguminosae 

Indigofera falcata and rice straw that is 62%: 38% (100% forage), can meet the nutritional needs needed by dairy cows for basic 

living and production. Fiber feed (forage source) will produce more acetate than propionate so it is more suitable for livestock 
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raised for milk production. A relatively high or low Flying fatty acids concentration shows a fermentation pattern that is seen in 

the forage feed but is less visible in the concentrate feed [10]. Total Flying fatty acids concentrations suitable for livestock 

survival are 70-150 mM [11]. With its optimum point is 110 mM [12]. 

Ammonia (NH3) is the result of the metabolism of protein and non-protein nitrogen. High protein availability from legumes will 

cause microbial growth in the rumen to grow optimally because the result of degradation of feed protein by rumen microbes in 

addition to producing high NH3 concentrations will also be a food source for microbes in the rumen for growth and development 

along with the carbon framework produced by Flying fatty acids into protein microbial [13]. 

Based on this background of thought it is necessary to study the combination of fermented rice straw with lamtoro leaves, gamal 

leaves and indigofera leaves to increase the value of VFA, Ammonia and pH values. The purpose of this study was to determine 

the value of the concentration of VFA, Ammonia and pH value 

 

2. RESEARCH MATERIALS AND METHODS 

2.1. Research design 

The experiment design was randomized block design [14] which consisted of 3 treatments and 3 replications with the structure 

of the treatment being: 

P1: Fermented Rice Straw (70%) + Gamal 30% 

P2: Fermented Rice Straw (70%) + Lamtoro 30% 

P3: Fermented Rice Straw (70%) + Indigofera 30% 

 

2.2. Implementation 

2.2.1 Maintenance 

Twelve cattle were divided into three treatments and each treatment had three replications. Cattle are kept in individual cages for 

ten weeks. The first two weeks are used as the feed adaptation period (preliminary) and in the third to tenth-week observations 

are made. Feeding 2.5-3% of body weight is done twice a day, in the morning at 06.00 - 07.00 WIB and in the afternoon at 16.00 

- 17.00 WIB. A feed is given by mixing fermented rice straw with forage concentrates while providing drinking water in an ad 

libitum manner. 

 

2.2.2 Intake of rumen fluid 

Intake of rumen fluid is carried out in the last week of the treatment stage after meals. Intake of rumen fluid is taken using a 

vacuum pump that is by using a small hose that is inserted into the rumen of a cow (stomach tube) through the mouth of cattle. 

 

2.3. Research Parameters 

Parameters observed during the study included pH with a pH meter, NH3 with the Conway Microdifusion method (General 

Laboratory 1966) and total VFA with the Steam Distillation Technique (General Laboratory Procedure, Department of Dairy 

Science University of Wisconsin 1969) 

2.3.1 pH value 

The rumen pH value is measured on a sample that has been incubated for 4 hours. The pH value was measured using a pH meter 

after the tube was removed from the water bath shaker and before it was dropped with HgCl2 

Determination of N-NH3 Levels in Rumen Fluids 

NH3 = (ml titration x N H2SO4 x 1000) mM 

2.3.2 Measurement of VFA 

VFA concentration (total mM) = 
             

    

 
   

                           
 

 

2.4. Data analysis 
Data were analyzed using analysis of variance based on randomized block design. To see the effect of differences in each 

treatment then Duncan's distance test [14]. 

 

3. RESULTS AND DISCUSSION 

3.1 Results 

Average VFA concentrations, rumen ammonia and pH values, In Vivo rations made from Fermented rice straw, gamal, lamtoro 

and Indigofera can be seen in Table 1.. 

Table 1. Concentrations of VFA, Ammonia Rumen and pH Value, In Vivo 

Treatment P1 P2 P3 

VFA (mM) 91,25±2,84 89,05±0,3 91,39±2,37 

Amonia(mM) 4,55±0,05 4,49±0,07 4,54±0,04 

pH 7,21± 0,24 6,97±  0,16 7,03± 0,54 

P1: 70% Fermented rice straw + 30% lamtoro leaf; P2: 70% Fermented rice straw +   30% gamal leaf P3: 70% Fermented rice 

straw + 30% Indigofera leaf). 
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The results of variance showed that the treatment was not significantly different (P> 0.05) in VFA concentration, ammonia 

concentration and pH value in feed made from fermented rice straw, gamal, lamtoro and Indigofera. 

 

3.2. DISCUSSION 

3.2.1 VFA concentration 

Further test results showed that the concentration of VFA produced was not significantly different (P> 0.05) between treatments. 

The highest VFA value in the P3 treatment and the lowest in the P2 treatment. The concentration of VFA needed for an animal 

to grow normally is around 80–160 mM. [12] In this study, the range of VFA concentrations produced was between 89.05 to 

91.39 mM or within the normal range to support rumen microbial growth. The results of other studies obtained VFA 

concentrations in the range of 70 to 130 mM / L. [15]. VFA concentrations in this study still meet the standards for rumen 

microbial breeding 

 

This shows that there is a difference in the total VFA that is affected by different feeds so that the feed nutrients consumed 

differ. The VFA concentration of the rumen of dairy cows given different feeding treatments is presented in Figure 1 

 
Figure 1. Graph of Rumen In Vivo VFA Concentration. 

P1: 70% Fermented rice straw + 30% lamtoro leaf; P2: 70% Fermented rice straw + 30% gamal leaf P3: 70% Fermented rice 

straw + 30% Indigofera leaf) 

 

VFA concentrations generally range from 70-150 mM. Total VFA concentrations can drop to 30 mM or increase to 200 mM, but 

generally, VFA concentrations range from 70 to 130 mM. VFA production depends on the food consumed, as well as the relative 

proportion of acids produced. In the provision of high forages, the proportion of acetate increases, whereas in the provision of 

high concentrates the proportion of propionate will increase [11]. 

Fermentation of feed in the rumen is the largest source of CH4 producers, most of the percentage of molar per VFA produced 

during fermentation affects the production of CH4 in the rumen. [16] other studies with the addition of S. cerevisiae to the 

acetate: propionate ratio had no significant effect. However, the use of legume mixture tends to have smaller concentrations 

compared to concentrates [17]. 

Theoretically, an increase in TDN in the ration can improve the production of rumen fluid VFA which can be described by the 

high total VFA concentration [18]. The higher the organic matter content of the feed, the more BO is fermented in the rumen. 

But the findings of this study do not illustrate an increase in VFA production. This is allegedly due to the consumption of feed in 

the same three treatments. Most of the carbohydrate compounds in a feed (starch, cellulose, hemicellulose, and pectin) are 

fermented by rumen microbes and converted to VFA, so that VFA production will increase. Most of the concentrates are non-

structural carbohydrates. Digestion of non-structural carbohydrates in the rumen is easier and faster than structural 

carbohydrates, so non-structural carbohydrates contribute to higher VFA production [8]. The increase in partial VFA 

concentrations in legume mixtures is thought to be due to the bioactive and secondary compounds they contain. Bioactive and 

secondary compounds in legume mixtures have a positive effect in increasing total VFA and propionate [19] 

 

3.2.2 Concentration of Ammonia Rumen In Vivo 

NH3 is the result of the overhaul of feed protein into peptides and amino acids by rumen microbes and the hydrolysis of urea 

Ammonia (NH3) is one of the parameters that can be measured to determine the availability of N sources in the rumen. The 

smaller the NH3 value, the higher the microbial protein synthesis. [20] 

Further test results showed that the concentration of ammonia produced was not significantly different (P> 0.05) between 

treatments. The range of In Vivo rumen ammonia concentrations produced is between 4.49 mM to 4.55 mM. The ration that 

produces the highest concentration of In Vivo rumen ammonia will guarantee the growth of microbes present in the rumen. 

Fermentation will reduce feed degradation because it can loosen bonds between cell wall components, thus reducing rumen 

ammonia concentration. Protein-deficient feeds or degradable resistant proteins have low ammonia concentrations in the rumen 
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and rumen microbial growth will be slow which leads to increased digestibility of feed [11]. The concentration of ammonia 

rumen of dairy cows given different feeding treatments is presented in Figure 2. 

 
Figure 2. Graph of Rumen In Vivo Ammonia Concentration. 

P1: 70% Fermented rice straw + 30% lamtoro leaf; P2: 70% Fermented rice straw + 30% gamal leaf P3: 70% Fermented rice 

straw + 30% Indigofera leaf). 

 

Synthesis of rumen microbial protein will be maximal if supported by ammonia concentrations of 4 to 12 mM. [21] NH3 

production in addition to being determined by crude protein content is also influenced by the degradability of crude protein. [18] 

The increase in NH3 production is in line with the increasing number of microbial populations in the rumen due to the high level 

of degradation of hibiscus leaves. [22] Feed ingredients that have crude protein (PK) content of 10.56% will produce ammonia 

(NH3) levels of 3.60 - 3.73 mM. This indicates that the results of ammonia levels are determined by the size of the crude protein 

content in feed ingredients[23]. 

 

High or low concentration of NH3 is influenced by the amount of degradation of crude protein (PK) in the rumen. NH3 

concentration increases if the level of PK degradation in the rumen is high, but if the level of PK degradation in the rumen is low 

then the resulting NH 3 concentration is also low. Microbes can work optimally to remodel amino acids which are then used to 

make their body's proteins [24]. 

 

Protein degradation in the rumen through the breakdown of proteins, oligopeptides, dipeptides, amino acids and the end product 

of ammonia. The process of degradation of amino acids into ammonia occurs inside microbial cells, while the process of 

degradation of proteins into amino acids occurs outside the cell [25]. The proportion of feed protein that supports the growth of 

rumen and livestock microbes consists of easily degraded proteins of 70% -80% and 30% -40% in the form of proteins that are 

more difficult to degrade. Ammonia in the rumen is a source of N for microbial protein synthesis [11]. Ammonia levels are 

influenced by fermented carbohydrate levels, this is because the higher energy content will make bacteria use more ammonia to 

synthesize bacterial proteins than those released [26]. 

 

3.2.3 pH of the Rumen In Vivo 

The degree of acidity (pH) of the rumen fluid needs to be measured to obtain information about conditions in the rumen. The pH 

value determines the condition of the rumen, affects the growth of rumen microbes and rumen fermented products. 

 

When fermenting in the rumen, acid is produced thereby reducing the pH of the rumen fluid below 5.5, but under normal 

conditions, the pH is maintained at 5.5-6.5 [11]. Low rumen pH can occur when given high feed concentrates. The decrease in 

pH occurs at the same time as the amount of concentrate feed increases. Changes in rumen fermentation are thought to be caused 

by the pH and type of fermented substrate [27]. The effect of low pH on rumen microbial fermentation also depends on the 

magnitude of the decrease in pH [28]. 

 

Further test results showed that the pH value produced was not significantly different (P> 0.05) between treatments. The pH 

range in this study was 6.97 to 7.21. With the highest pH value at treatment P1 and lowest at treatment P2. The rumen pH 

concentration of dairy cows given different feeding treatments is presented in Figure 3 
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Figure 3. Rumen In Vivo pH chart. 

P1: 70% Fermented rice straw + 30% lamtoro leaf; P2: 70% Fermented rice straw + 30% gamal leaf P3: 70% Fermented rice 

straw + 30% Indigofera leaf). 

 

 

The resulting rumen pH value indicates rumen conditions that are suitable or not suitable for rumen microbial growth. Variance 

analysis results showed that the treatment of fermented rice straw with the substitution of green concentrate did not affect the 

rumen pH value. The pH value is almost the same for each treatment indicating that the three treatments do not interfere with 

rumen fermentation activity. The pH range of the rumen fluid obtained was 6.97 - 7.21, still in the pH range of 5.5 - 7.2 [29]. 

The average pH of bovine rumen fluid in PFH in this study is still in the normal pH range so that the activity of cellulolytic 

bacteria is not inhibited. Cellulolytic bacterial activity is inhibited if the pH of the rumen fluid is below 6.2 and the act ivity will 

be optimal in the rumen at a pH of 6.7 [0.5 points [8]. However, the pH value obtained in this study is still within the normal 

range. Cellulolytic bacteria require a rumen pH of around 6.2-7.0 to develop rapidly. [30] The normal pH of the rumen is around 

5.5-7.0 with a normal feed ratio. The actual pH value describes the amount of acid produced by microflora in the rumen. The 

minimum pH value is generally achieved around 2-6 hours after a meal, according to maximum acid production. The change in 

pH is influenced by the time after eating, the nature of the feed, and the frequency of feeding animals [31]. 

 

4. CONCLUSIONS 

Based on the VFA concentration values, Ammonia and pH value of feed made from fermented rice straw with supplementation 

of lamtoro leaves, gamal leaves and indigofera leaves produced showed suitable rumen conditions for rumen microbial growth. 
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