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The main purpose of this experimental study was to assess the accumulation of organic 

acids and their mitigation in rumen cultures fermenting silages. The silages used in the 

rumen fermentation were composed of corn stalks, bagasse, and rice straw. The rumen 

fermentation was conducted in vitro using batch systems at 38.5 ± 0.5℃ for 48 hours. 

The results showed that within 4 hours of incubation, the rumen culture fermenting 

bagasse silage produced 40% more VFA than other silages. Lactic acid build-up occurred 

exclusively in the rumen culture fermenting bagasse silage. Lactic acid production 

peaked after 8 hours of incubation, reaching a pH of 5.5. The addition of bentonite to the 

rumen culture fermenting bagasse silage reduced lactic acid concentration by 65%. 

Supplementing the feed with 10% bentonite can significantly increase pH from 5.5 to 

6.2, potentially mitigating ruminal acidosis. 
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1. INTRODUCTION

Fermentation is an essential process in the rumen that 

degrades and converts feedstuffs into energy sources utilized 

by the host [1]. The fermentation characteristics of complex 

feeds can be studied in vivo and in vitro [2]. As in vivo 

assessment of rumen fermentation characteristics is expensive, 

labor-intensive, and difficult to standardize, in vitro studies 

have been established to evaluate the fermentation process in 

the rumen [3]. In vitro fermentation is an important technique 

to assess the nutritional value of complex feeds or specific 

feedstuffs and to observe fermentation processes in the rumen. 

Furthermore, in vitro rumen fermentation can be used to 

evaluate nutrient metabolism mechanisms and investigate 

shifts in metabolic pathways and metabolite formation that 

may affect the host’s growth, reproduction, and health [4]. 

Ruminants are normally adapted to consume and digest 

forage feeds [5]. However, in modern animal production 

systems and intensive fattening systems, ruminants are 

typically fed with high-grain diets and processed feedstuffs [6, 

7]. This practice is applied to enhance the energy consumption 

of the ruminants and maximize their productivity [8]. 

Prolonged excessive feeding of non-forage or low-fiber diets, 

such as high-grain and processed feeds, may lead to the 

accumulation of organic acids in the rumen [9, 10]. An 

accumulation of organic acids may cause a drop in pH in the 

rumen culture leading to a metabolic disorder called acidosis 

[11]. Rumen acidosis or digestive disorder frequently occurs 

when the rumen is continuously supplied with easily digestible 

carbohydrates mainly cereal grains [12, 13]. 

Cereal grains or starchy feedstuffs supplied to the rumen are 

easily degraded and rapidly converted into organic acids, 

mainly lactic acid [14], where the rate of lactic acid formation 

frequently surpasses the rumen’s absorption capacity [15]. 

This acid build-up may decrease ruminal pH and generate an 

acidic state in the rumen culture. Hence, this condition would 

create some side effects for the host including changes in the 

water balance, food intake, and digestibility, and shifts of the 

acid-base balance in rumen fluid [7, 16]. Further, rumen 

acidosis certainly would affect the performance and 

productivity of the ruminants [17]. Acute acidosis may cause 

morbidity and mortality in ruminant populations [18]. Hence, 

feeding of readily fermentable materials particularly 

carbohydrate-based feedstuffs should be managed properly to 

prevent the risk of organic acids accumulating in the rumen 

culture. Also, feasible buffers or buffer agents should be 

considered to mitigate rumen acidosis [19]. In addition to 

cereal grain feeds, silage is an alternative feed used by cattle 

growers to increase their productivity [20, 21]. Currently, 

forages fed as silage have remained popular for modern dairy 

farms as they could reduce the loss of nutrients from harvest 

via storage, enable easier handling and feeding, are more 

efficient, retain more nutrients, and have higher nutritional 

value than dry forages [20]. Silage is a fermented green 

feedstuff for ruminants, typically made from green foliage 

crops, grasses, or other lignocellulosic materials, such as corn 

stover, wheat straw, and rice straw [22]. Ensilage or ensiling 

is a preserving process of the green grass crops and 

lignocellulosic materials into silo or fermentation chambers 

under anaerobic conditions [23]. The production of silage 

typically occurs under the acidification state. At this stage, the 

pH of the silage is somewhat low (pH < 5.0) due to the 

formation of organic acids primary lactic acid, and acetic acid 

[24]. A rapid decrease in silage pH may assist in restricting the 
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degradation of protein in the fermentation chamber via 

inactivating plant proteases [25]. As the produced silage is 

typically quite acidic [26], prolonged feeding of this fodder to 

the ruminants should be monitored properly and evaluated to 

avoid any potential rumen acidosis. The present study aims to 

assess the risk of ruminal acidosis in rumen cultures 

fermenting various types of silage. A potential acidosis 

mitigation technique will also be investigated in this study, in 

which a feasible buffer material, such as bentonite, is 

introduced to the rumen cultures fermenting silages. Digestion 

efficiency will also be assessed to evaluate feed digestibility 

during the acidification process. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Rumen fluid collection and preparation 

 

Rumen fluid used for the in-vitro study of rumen culture 

fermenting various types of silages was taken from cattle 

slaughtered in a commercial slaughterhouse (with undefined 

diet) The slaughterhouse is located in Peunayong, Banda Aceh 

City, Aceh Province, Indonesia. Soon after the collection, the 

rumen fluid was stored in the bottle and kept under the warm 

temperature of 38.5 ± 0.5℃ before the start of the series of 

experiments to maintain microbial activity [27-29]. The 

collected rumen fluid was screened for removing any particles 

before use in the experiments. 

 

2.2 Substrates preparation 

 

Some substrates utilized for the in-vitro rumen fermentation 

are various kinds of silages made from lignocellulosic biomass 

including corn stover and stalks, bagasse, and rice straw. 

Before the ensiling process, these materials were reduced and 

chopped into 3 cm. As the feedstock possesses somewhat low 

sugar content, each type of lignocellulosic material (1 kg) was 

then added with molasses (100 ml) to enhance the rate of the 

fermentation process. The mixture was then inoculated with 

10% of the effective microorganisms (EM4). The mixture was 

preserved for 21 incubation days for generating silages [30]. 

 

2.3 Design and procedures of the experiments 

 

2.3.1 Experimental setup 

The experiments were carried out in batch trials with 

various types of silage generated and bentonite 

supplementation. The batch tests were performed utilizing a 

thermostatic water bath at 38.5 ± 0.5℃, close to the rumen 

temperature between 37.8 and 40℃ [31]. The in-vitro rumen 

fermentation lasted 48 hours of incubation allowing rumen 

microorganisms to acclimatize to the anoxic state and 

providing adequate time for the microbes to degrade and 

convert all substrate into fermentation end-products. In these 

trials, fermentation was conducted in batch digesters, and the 

working volume established was 0.1 liter. The substrate 

concentration introduced was 100 g/l. Each fermentation 

chamber was fed 10 g of substrate in 100 ml of the filtered 

rumen fluid. The substrate was varied with different types of 

silages obtained to evaluate their fermentation characteristics. 

 

2.3.2 Evaluation of various substrate concentrations 

In the study of rumen culture fermenting different types of 

silages, some tests introduced were a blank digester consisting 

solely of rumen fluid (S0) as a control, rumen culture 

fermenting silage of corn stalk (S1), rumen culture fermenting 

silage of bagasse (S2), and rumen culture fermenting silage of 

rice straw (S3). This trial aims to evaluate the rumen 

fermentation characteristics of each type of silage made from 

the lignocellulosic biomass. Besides, this test assessed any 

potential acidosis caused by feeding silage to the rumen 

culture. No acid and/or alkaline solutions were introduced to 

the culture. 

To mitigate any potential acidosis in the rumen culture 

fermenting silages, bentonite was supplemented to the culture 

as a buffer. Each silage (8 g) and bentonite (2 g) were mixed 

into the rumen fluid (100 ml), and thereby the total 

concentration was 100 g/l. The design of experiments included 

the rumen culture fermenting corn stalk silage supplemented 

with bentonite (S1B), rumen culture fermenting bagasse silage 

added with bentonite (S2B), and rumen culture fermenting 

silage of rice straw supplemented with bentonite (S3B). A 

control test was also introduced in which the rumen culture 

was added with mere bentonite (S0B). The bentonite used in 

this experiment was a commercial calcium bentonite clay for 

animal feed. During the fermentation, the pH of the culture 

was not maintained at any particular level. Hence, no other 

chemicals were supplemented into the rumen culture. 

 

2.4 Analytical methods 

 

Each sample collected from the experiments including 

samples before and after in-vitro rumen fermentation was 

periodically measured to evaluate their pH level as the main 

indicator of rumen acidosis. The pH measurement was carried 

out using a Laboratory Benchtop pH Meter Multifunction 

Complete Probe, Milwaukee PRO, and to ensure accurate and 

precise measurement the pH meter was regularly calibrated 

with pH buffer solutions of 4.0, 7.0, and 10 [32, 33]. Alkalinity 

was analyzed to assess the buffering capacity of rumen fluid 

and substrates used to neutralize acids and bases formed 

during the in-vitro rumen fermentation of silages. The total 

alkalinity of each sample was measured by titration method 

using the pH meter and hydrochloric acid reagent [34, 35]. 

Samples of the collected rumen fluid and rumen culture 

fermenting silages were analyzed for their ammonia level 

utilizing NH3/NH4
+ test kit and reagent according to the 

colorimetric procedure [36, 37]. The determination of protein 

content (crude) of the substrates used was carried out based on 

the block digestion method according to the AOAC official 

method 2001.11 [38, 39]. The substrate's fiber content (crude) 

was analyzed according to the AOAC official method 962.09 

[40]. 

Each sample collected was dried for 24 hours under the 

temperature of 105 ± 0.5℃ utilizing a laboratory drying oven 

to measure their moisture content (MC), dry matter (DM) or 

total solid [41, 42]. The dried samples were then placed in the 

muffle furnace for 12-18 hours at around 575 ± 25℃ for ash 

content determination. All solid analysis was carried out 

according to the standard methods of APHA [43]. Digestion 

efficiency analysis was performed to evaluate the 

effectiveness of substrate degradation during in-vitro rumen 

fermentation [44]. 

Organic acids including volatile fatty acids (VFA) and lactic 

acid were analyzed from the fermented samples to evaluate the 

types of organic acids generated and build-up during the 

fermentation process of silages. The analysis was performed 

using a titrimetric method. The solution of NaOH (0.1 M) was 
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utilized as a titrant and filled into the burette tube. Before the 

measurement, some drops of phenolphthalein indicator were 

added to the samples analyzed [45, 46]. The measurement of 

lactic acid formation and soluble carbohydrates of the 

fermented samples was also validated using a portable 

sensitive Lactate, Gluco-Biosensor [47, 48]. To ensure the data 

generated was reproducible, all samples measured were 

replicated. 

 

 

3. RESULTS AND DISCUSSION 

 

The current study uses batch tests to evaluate the in-vitro 

rumen fermentation of various types of silage made of 

lignocellulosic biomass. The results showed that the pH of the 

rumen fluid used for the experiments was about 7.41 (Table 1), 

which was slightly higher than the optimal rumen pH between 

6.4 and 7.0 [49, 50]. The pH level of the rumen fluid used in 

this study suggested that no organic acid build-up and/or 

ruminal acidosis occurred previously in the ruminant, and 

thereby would be feasibly used for assessing the impact of 

various types of silage feed in the rumen fermentation in-vitro.  

 

Table 1. Physicochemical properties of rumen fluid and 

substrates used for rumen fermentation in-vitro 

 

Parameters Unit 
Rumen 

Fluid 

Corn 

Stalk 

Silage 

Bagasse 

Silage 

Rice 

Straw 

Silage 

Dry matter % 2.89 45.3 61.1 64.9 

Moisture content % 97.11 54.7 38.9 35.1 

pH - 7.41 3.89 3.91 4.52 

Alkalinity mg/l 1.4 3.0 2.0 3.0 

Protein (crude) % 0.43 3.51 3.3 4.31 

Fiber (crude) % 4.98 15.39 14.72 13.79 

Ash content % 0.51 6.89 5.01 14.80 

Ammonia mg/l 60 - - - 

VFA g/l 6.38 - - - 

 

As presented in Table 1, the ammonia content of the rumen 

fluid used in in-vitro rumen fermentation was around 60 mg/l. 

Some studies revealed that the minimum ammonia 

concentration in the rumen should be between 40 and 240 mg/l 

to support the microbes in the rumen to grow well and active 

[51, 52]. This suggested that the ammonia level in the rumen 

fluid used in this study was still in the minimum acceptable 

concentration range for supporting the growth of ruminal 

microbial consortia, which was feasible for performing rumen 

fermentation in vitro. 

Table 1 shows that silages used as substrates for rumen 

fermentation in vitro possess significant amounts of valuable 

nutrients, including protein (3.3 - 3.51%) and fiber (13.80 - 

15.40%), minerals represented in ash content (5.01 - 14.80%), 

and dry matter (45.3 - 64.9%). These nutrients benefit the hosts, 

enhancing microbial activity and improving substrate 

digestion in the rumen ecosystem [53]. Besides, the study 

mentioned that supplementation of fermented protein products 

may enhance digestibility, reduce antinutritional factor (ANF), 

and increase antioxidant and other biological activities, such 

as probiotics, and prebiotics [54]. 

The results show that the pH of the silages was somewhat 

acidic between 3.89 and 4.52. A study mentioned that good-

quality silages would be associated with low pH [25]. The 

study added that the silages should have a pH of 3.8 to 4.2. 

This study shows that the nutritional value of silages may be 

associated with the pH level. As depicted in Table 1, the higher 

the pH, the lower the fiber content of the silages obtained. In 

this study, corn stalk silage has a lower pH (3.89) than other 

silages but its fiber content is higher (15.39%) than the others. 

This study also shows that silages with low pH have lower 

protein content than silages with high pH. In this study, rice 

straw silage with pH 4.52 has a higher protein content (4.31%) 

than other silages with lower pH content. This indicated that 

low pH may restrict the synthesis of protein. 

The current study revealed that the VFA concentration of 

the rumen fluid used for the rumen fermentation in vitro was 

around 6.38 g/l. The study mentioned that the VFA 

concentration of the rumen was normally in the range of 5-10 

g/l [55]. This suggested that the rumen fluid collected was 

feasibly used for studying in-vitro rumen fermentation of 

silages. To maintain balance in the rumen ecosystem and 

support the optimal growth and activities of the rumen 

microorganisms, the VFA of the rumen culture should be kept 

within those normal ranges. This is because when the VFA 

concentration of the rumen is higher than that of the normal 

ranges, the pH of the rumen may decrease and thereby 

potentially induce rumen acidosis [55, 56]. 

The results reveal that the rumen culture fermenting silage 

of bagasse produced higher VFA than that of the rumen culture 

fermenting silage of corn stalk and rice straw (Figure 1). 

Interestingly, the VFA build-up in the rumen culture 

fermenting bagasse's silage occurred within 2 hours of 

incubation. As depicted in Figure 1, the VFA concentration 

produced in the rumen culture fermenting silage of bagasse 

was two times higher (11 g/l) than that of the rumen culture 

fermenting silage of corn stalk and rice straw (6.8 – 6.9 g/l) 

and the control or rumen culture only (5.3 g/l). Higher VFA 

concentration in the fermentation culture frequently led to pH 

depression [57, 58], and potentially generated acidosis [56]. 

Hence, supplementing a suitable buffer material, such as 

bentonite would potentially enhance the buffer capacity and 

prevent pH depression in the VFA-producing culture. 

 

 
 

Figure 1. VFA of rumen culture fermenting various types of 

silages 
Solely of rumen fluid (S0) as a control, rumen culture fermenting silage of 

corn stalk (S1), rumen culture fermenting silage of bagasse (S2), and rumen 

culture fermenting silage of rice straw (S3). 

 

The results show that after 8 hours of incubation, the 

concentration of VFA in all sample tests tended to decrease 

(Figure 2). As depicted in Figure 2, from 2 to 12 hours of the 

fermentation period, VFA in the rumen culture fermenting 

silage of bagasse supplemented with bentonite reduced from 
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9.30 to 7.7 g/l while the concentration of VFA in the rumen 

culture fermenting silage of corn stalk and rice straw decreased 

from 7.0 to around 3.0 g/l and the control sample dropped from 

5.6 to 1.1 g/l. This suggested that supplementation of bentonite 

to the rumen culture fermenting silages may reduce its VFA 

build-up. Even if the supplementation of bentonite did not 

significantly reduce the VFA formation in the rumen 

fermentation, the use of bentonite as a feed additive may 

generate some benefits to the host including enhancing buffer 

capacity in the rumen, improving feed efficiency and rate of 

gain, reduce or eliminate the toxicity [59]. The study reported 

that supplementing bentonite between 0.2 and 10% of the 

feeds is still safe for the ruminants [60]. This agrees with the 

current study that supplemented merely 2% of bentonite to the 

silage feeds for mitigating and eradicating potential ruminal 

acidosis. 

 

 
 

Figure 2. VFA of rumen culture fermenting various types of 

silages supplemented with bentonite 
The rumen culture was added with mere bentonite (S0B) as a control, the 

rumen culture fermenting corn stalk silage supplemented with bentonite 
(S1B), rumen culture fermenting bagasse silage added with bentonite (S2B), 

and rumen culture fermenting silage of rice straw supplemented with 

bentonite (S3B).  

 

The results show that the rumen culture fermenting silage 

of bagasse produced a significant amount of lactic acid. 

However, no lactic acid production was found in the rumen 

culture fermenting silages made of corn stalks and rice straw. 

This could be attributed that bagasse may still contain higher 

sugar content than other feedstocks, and thereby this would be 

a useful substrate for fermentative microbes to form lactic acid. 

Besides, within 4 hours of incubation, the rumen culture 

fermenting silage of bagasse produced lactic acid (6.30 g/l). 

The production of lactic acid in the rumen culture fermenting 

silage of bagasse reached a peak at 8 hours of incubation with 

a concentration of 15.30 g/l (Figure 3). The accumulated lactic 

acid frequently may generate a pH depression (Figure 4) and 

lead to acidosis [61]. Generating significant amounts of lactic 

acid in the rumen may cause ruminal acidosis [14]. Hence, 

lactic acid build-up in the rumen fermentation should be 

controlled properly to prevent severe or acute ruminal acidosis. 

Supplementation of bentonite to the rumen culture 

fermenting silage of bagasse could reduce the formation of 

lactic acid in which within 8 hours of incubation lactic acid 

produced was merely 5.40 g/l (Figure 3). This suggested that 

supplementing bentonite to the silage feed fermented in the 

rumen may significantly reduce the lactic acid production and 

prevent its accumulation during the fermentation. Hence, 

potential ruminal acidosis in the rumen culture fermenting 

silage of bagasse could be mitigated by supplementing 10% of 

bentonite to the feed. This is crucial since feeding silage made 

of bagasse to the ruminants would be somewhat risky due to 

the potential lactic acid accumulated in the rumen. This is 

because supplementation of bentonite may enhance buffer 

capacity in the rumen, and thereby the acids generated during 

the rumen fermentation could be neutralized. This study agrees 

with the study reporting that bentonite supplemented with the 

ruminants fed with high-concentrate diets may have positive 

effects, such as maintaining optimal pH and preventing 

acidosis [62]. 

 

 
 

Figure 3. Lactic acid production of rumen culture fermenting 

various types of silages supplemented with bentonite 

 

 
 

Figure 4. pH of rumen culture fermenting various types of 

silages 

 

The current study results show that any potential acidosis 

may occur when the rumen culture is fed with silage 

particularly the silage made of bagasse. In this study, the pH 

of the rumen culture fermenting silage made of bagasse 

dropped significantly from 7.2 to 5.5 within 8 hours of 

incubation while the pH of the control was stable between 7.5 

and 7.6 (Figure 4). This indicated that ruminal acidosis may 

occur within less than 10 hours of incubation when the rumen 

was fed with silage made of bagasse. This is somewhat 

different from the rumen culture fermenting silages made of 

corn stalk and rice straw in which within 8 hours of incubation, 

the pH of the culture was still stable between 7.0 and 6.8. This 

may be attributed to the characteristics of the silages made of 

corn stalk and rice straw that have higher alkalinity (3.0 mg/l) 

than that of the silages made of bagasse (2.0 mg/l). A higher 

alkalinity of the substrate fed would be preferable to maintain 
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a fairly constant pH in the fermentation culture. This is 

because the substrates or cultures with high alkalinity typically 

may be able to neutralize stronger acids by accepting proton 

or H+ ions released during the fermentation processes [63]. 

The results reveal that the rumen culture fermenting silage 

made of bagasse does not have sufficient capability to 

neutralize acids formed during the fermentation. As a 

consequence, within 48 hours of the incubation period, the pH 

of the rumen culture fermenting silage of bagasse cannot 

recover, but it remains stable between 5.5 and 5.8. When the 

pH in the rumen remains low, a transient imbalance between 

organic acid production and absorption may occur and lead to 

rumen metabolic disorder or acidosis [56]. The low pH could 

be linked to the organic acid build-up during the rumen 

fermentation in which an acidic state due to organic acids (i.e. 

VFA and lactic acid) accumulated in the rumen culture would 

significantly depress its pH level [14]. The study reported that 

the production of lactic acid would be optimal when the pH of 

the culture was between 5.5 and 5.8 [64, 65]. At this stage, the 

rumen culture may be upset and lead to metabolic disorder or 

rumen acidosis. This agrees with the study reporting that a 

disorder of ruminal fermentation or sub-acute ruminal acidosis 

(SARA) occurs when the pH of the rumen remains in the range 

of 5.2 and 6.0 for a prolonged period [66, 67]. 

 

 
 

Figure 5. pH of rumen culture fermenting various types of 

silages supplemented with bentonite 

 

As depicted in Figure 5, within 8 hours of incubation, the 

pH of rumen culture fermenting silage made of bagasse 

decreased from 7.2 to 6.0. Then 4 hours later the pH recovered 

and increased from 6.0 to 6.2. Hence, supplementation of 

bentonite may relieve and mitigate sub-acute ruminal acidosis 

in the rumen culture fermenting silage of bagasse. Besides, 

during the fermentation process, the pH of the rumen culture 

fermenting silages made of corn stalk and rice straw 

supplemented with bentonite remained stable between 6.80 

and 7.0 with no significant drop in pH throughout the process. 

Meanwhile, the pH of the control was somewhat alkaline and 

stable in the range between 7.6 and 7.7. This suggested that 

supplementation of bentonite to the rumen culture fermenting 

silages may significantly impact the risk of ruminal acidosis 

by enhancing the buffering capacity of the culture and 

improving the pH level. Hence, this practice may generate a 

synergetic effect on the rumen fermentation culture but 

potentially prevent a significant decrease in the pH, metabolic 

disorder, and rumen acidosis [68]. 

The study mentioned that the minimum concentration of 

ammonia in rumen fluid for rumen microorganisms to grow 

well is around 50 mg/l [55]. This agrees with the current study, 

in which the ammonia in the influent was between 49 and 50 

mg/l. The current study results show that fermentation may 

alter ammonia concentration in the rumen culture. As depicted 

in Figure 6, after 48 hours of fermentation period ammonia 

concentration in the rumen culture fermenting silages 

increased from 50 mg/l to around 60 mg/l in which the rumen 

culture fermenting silage of rice straw had a higher level of 

ammonia (65 mg/l) compared to the others. This could be 

related to the level of pH in the rumen culture fermenting 

silage of rice straw (pH 6.5) which was higher than that of the 

rumen culture fermenting silage of corn stalk (pH 6.2) and 

bagasse (pH 5.8). On the other hand, the concentration of 

ammonia in the rumen culture fermenting silages 

supplemented with bentonite decreased significantly from 50 

mg/l to around 30 mg/l. Besides, the control reactor also 

depicts a reduction of ammonia when the rumen culture was 

supplemented with bentonite from 60 to 45 mg/l.This would 

be attributed to the characteristic of bentonite, which has a 

high ammonia adsorption capacity and can decrease 

ammonium nitrogen in the culture [69]. 

 

 
 

Figure 6. Ammonia of rumen culture fermenting various 

types of silages supplemented with bentonite 

 

 
 

Figure 7. Profile of dry matter of rumen culture fermenting 

various types of silages supplemented with 

bentonite 

 

The results show that rumen fermentation in-vitro 

successfully reduced the dry matter of the rumen culture fed 

with various types of silages and supplemented with bentonite. 

As depicted in Figure 7, after 48 hours of incubation the rumen 

culture fermenting corn stalk silage had lower dry matter 

(1.7% DM) compared to that of the rumen culture fermenting 

silages of bagasse (3.0% DM) and rice straw (2.4% DM). The 
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supplementation of bentonite to the rumen culture fermenting 

corn stalk silage had significantly improved the digestion of 

corn stalk silage in which its dry matter decreased 

considerably from 5.0% to 0.5%. This suggested that the corn 

stalk silage was the substrate that was highly degraded as well 

as digested during the rumen fermentation. This indicates that 

corn stalk silage is a potential feed that can be used to 

substitute corn silage. This is because corn stalk instead of 

corn grain for producing silages would be significant as corn 

stalk typically is discarded during harvesting corn. A study 

mentioned that replacing corn silage with corn stalk silage in 

the finishing feed had no effect or negative impacts on the 

proximate nutrients, fatty acids profile, pH, and water-holding 

capacity [70]. 

The results of the current study reveal that supplementation 

of bentonite may enhance the digestion in the rumen culture 

fermenting silages. As shown in Figure 8, when the rumen 

culture fermenting bagasse silage was supplemented with 

bentonite, its digestion efficiency increased from 33 to 64%. 

This is because bentonite supplementation may improve the 

buffer capacity of the rumen culture fermenting silages. In this 

study, the pH of the rumen culture fermenting silage of 

bagasse increased significantly from 5.8 to 6.28 after the 

supplementation of bentonite (Figures 4 and 5). The results 

agree with the studies reporting that the primary fibrolytic 

bacteria are intolerant to the low pH of the rumen, and rumen 

fiber digestion may significantly decrease when the pH of the 

rumen is too low or below critical levels [71]. Hence, by 

combining silages and bentonite, ruminal pH would be 

improved and support rumen microbes in digesting and 

degrading the substrates. 

 

 
 

Figure 8. Digestion efficiency of various substrates 

fermented in the rumen culture 

 

 

4. CONCLUSIONS 

 

These experimental results indicate that ruminal acidosis 

may occur in the rumen fermentation of silages made of 

lignocellulosic materials, particularly bagasse. Rumen 

fermentation of bagasse silage generates organic acid build-up 

including VFA and lactic acid. Lactic acid was generated in 

the rumen culture fermenting bagasse silage within merely 4 

hours of incubation (6.3 g/l) and was accumulated after 8 hours 

of fermentation period (15.3 g/l). The supplementation of 

bentonite as an animal feed additive may significantly reduce 

lactic acid accumulation and increase pH to a safe range (6.8-

7.0). 
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