
Impact of Concentrate Supplementation on Biodegradability and Acidosis in In-Vitro 

Rumen Fermentation of Forage 

Darwin* , Ramayanty Bulan , Tiya Humaira , Ami Muliawati , Fajria Agustina , 

Giefaraz Shafiera Tasya Baszanova  

Department of Agricultural Engineering, Universitas Syiah Kuala, Banda Aceh 23111, Indonesia 

Corresponding Author Email: darwin_ae@usk.ac.id

https://doi.org/10.18280/ijdne.180414 ABSTRACT 

Received: 24 July 2023 

Revised:13 August 2023 

Accepted: 18 August 2023 

Available online: 31 August 2023 

The present study aimed to evaluate degradability of various substrates supplemented 

with concentrates in the rumen culture and their potential for generating acidosis. 

Concentrates used in this study is the commercial concentrates, which mainly consist of 

carbohydrates. The proportion of the concentrates added in the rumen culture fermenting 

forage was varied from 0 to 100%. Low proportion of concentrates in the feed may lower 

the risk of acid build-up in the rumen culture since concentrates typically contains a 

significant amount of biodegradable substances. The present investigation revealed that 

a 5 to 10% supplement of concentrates to the rumen culture fermenting forage grass could 

enhance biodegradation efficiency, achieving between 65% and 80%. This concentration 

range also maintained the culture's pH at a neutral level (6.7-7.0), potentially averting 

acidosis induced by acid accumulation. However, the incorporation of a minimum of 

20% concentrates in the rumen culture fermenting grass led to acid accumulation and 

subsequent acidosis within 24 hours of incubation, as the culture's pH plummeted from 

7.0 to 6.2. A statistical analysis was performed using an ANOVA test at a 5% 

significance level, revealing a statistically significant correlation between the amount of 

concentrate supplementation and the accumulation of Volatile Fatty Acids (VFAs) 

in the rumen culture fermenting forage. This study underscores the importance of 

optimal concentrate supplementation for efficient biodegradation while preventing 

acidosis, offering insights for the enhancement of rumen fermentation processes. 
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1. INTRODUCTION

Rumen fermentation, a critical process in the health of 

ruminants, is facilitated by complex microbial communities 

that metabolize ingested feed into energy sources for the host 

[1]. The composition of the feed significantly influences these 

microbial communities, thus determining the metabolic 

pathways and the resulting end-products of fermentation [2]. 

The escalating demand for cattle products has prompted a 

transition in the ruminant industry from fiber-based to 

concentrate-rich feed [3]. Concentrates, which are rich in 

degradable carbohydrates, are chosen to augment ruminant 

energy intake, thereby enhancing productivity for milk and 

meat production [4]. Given the high degradability of 

concentrates, they readily undergo fermentation in the rumen 

culture. However, this increased productivity is accompanied 

by potential risks associated with the buildup of organic acids 

[5]. Organic acids, produced during carbohydrate fermentation, 

can accumulate to high levels, reducing rumen pH and 

potentially disrupting ruminant metabolism [5-7]. This 

imbalance can lead to a metabolic disorder known as acidosis, 

resulting from excessive consumption of degradable 

carbohydrates [8]. 

On the other hand, ruminants fed with dietary fiber can reap 

specific benefits, including sufficient salivation, plentiful 

energy supply, and essential nutrients [9]. Furthermore, 

dietary fiber helps maintain the normal function of the rumen 

as part of the digestive system [10]. Common sources of 

dietary fiber for cattle nutrition include agricultural residues 

and lignocellulosic biomass, such as grasses, corn stover, and 

rice straw. Dietary fibers can optimize the pH for cellulolytic 

microbes in the rumen, maintain metabolic balance, and 

potentially mitigate the risk of ruminal acidosis [11]. 

However, feeding ruminants a high proportion of forages 

like straw and grasses may result in decreased nutrient 

utilization. While forages are high in fiber, they are not rich in 

crude protein and exhibit low digestibility [12, 13], potentially 

resulting in restrained ruminant productivity in terms of body 

weight and milk production [14]. A balanced feed, combining 

forage and degradable carbohydrates, is crucial for supporting 

ruminant growth. During rumen fermentation, degradable 

carbohydrates are readily converted into energy sources, 

enhancing nutrient utilization [15]. A common issue in cattle 

feeding is the excessive addition of concentrates to the feed, 

often without awareness of the potential risk of acidosis. This 

current study would provide a significant approach in terms of 

formulation cattle feed of forages supplemented with an 

appropriate proportion of concentrates that could prevent acid 

accumulated in the rumen. 

In-vitro rumen fermentation of forage combined with 

degradable carbohydrates would be carried out in this current 

study in which the substrates used for the experiment included 

forage grass (elephant grass) and concentrates. The current 

study would investigate the feasible feed management and 
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supplementation in in-vitro rumen fermentation as healthy 

rumen function would be derived from the feasible method for 

avoiding rumen acidosis. The objective of the current study is 

to find as well as evaluate an optimal ratio of concentrate to 

forage in order to prevent acidosis. Further, the current study 

aimed to evaluate any potential acidosis and substrate 

degradability during in-vitro rumen fermentation. Various 

proportion of concentrates added in the rumen culture 

fermenting grass would thoroughly be investigated to evaluate 

its feasibility as supplemental feed. The relevance and 

significance of this study is to obtain applied method for 

formulating cattle feed consisting of forage and concentrates, 

which are not only feasible to lower the risk of acidosis but 

also to maximize the ruminants’ productivity. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Collection of rumen liquor 

 

Rumen liquor was collected at a slaughterhouse from culled 

beef cattle previously fed under controlled condition in the 

feedlot in which the cattle were fed regularly with the feed 

consists of some kind of grasses and lignocellulosic 

biomass.The slaughterhouse is situated in Peunayong, Banda 

Aceh City, Aceh Province, Indonesia. The fresh collected 

rumen fluid was then immediately kept in warm circumtances 

under the temperature of 38 ± 0.5℃ before starting of the 

experiments in order to activate the rumen microflora. 

 

2.2 Substrates preparation 

 

The substrates used in this current study were some 

substrates that were normally used as beef cattle feed including 

lignocellulosic material (i.e., grass) and concentrate as an 

additional feed. The type of forage grass utilized in this 

experiment was Elephant grass (Pennisetum purpureum). The 

grass was collected from a pasture grass located in Pango, 

Banda Aceh, Indonesia, and it was chopped to reduce its size 

into 0.2 ± 0.1 cm before applying it in the rumen fermentation. 

Concentrate utilized in this experiment was a commercial 

concentrate that was normally used for cattle feed, which 

typically consisted of some materials such as cassava starch, 

tofu pulp, coconut cake, rice bran and molasses. The 

concentrate was acquired from the cattle feed store located at 

Banda Aceh. 

 

2.3 Experimental design and procedures 

 

2.3.1 Experimental setup 

The research consisted of a sequence of batch experiments 

with different concentrations of concentrates. The batch 

experiments were performed at mesophilic temperature, 

which was about 39 ± 0.5℃ using thermostatic water bath. 

The duration of fermentation process was 48 hours in order to 

provide sufficient time for rumen microbes to acclimate and 

adjust in the anaerobic condition and also to ensure that all 

substrates could completely be digested [6, 16]. The 

concentration of substrate applied in in-vitro rumen 

fermentation was about 10 g/100 ml or 100 g/L in which each 

batch reactor was added with 10 g substrate and topped-up 

with 100 mL of fresh rumen fluid. In this experiment, the 

fermentation was performed in batch reactor with a working 

volume of 100 mL. In this experiment there were no acid 

and/or basic solution supplemented to the rumen culture [6, 8]. 

 
2.3.2 Evaluation of various substrate concentrations  

In the experiment of in-vitro rumen fermentation, some 

trials included rumen fluid only as a blank reactor (T0), rumen 

fluid containing merely grass (T1), and rumen fluid containing 

concentrate (T2). To assess the effects of concentrate addition 

to the rumen fermentation of forage grass, some proportion of 

concentrate were varied from 5 to 20% based on weight. This 

range was chosen as to avoid an excessive amount of 

concentrates supplemented to the feed that may cause sudden 

acid build-up in the rumen culture [16]. The experimental 

design set up was based on the feed tested including 5% 

concentrates and 95% grass (T3), 10% concentrates and 90% 

grass (T4), 20% concentrates and 80% grass (T5). In this 

experiment, pH culture was not controlled in a specific level. 

Therefore, no chemicals including acid and/or alkaline 

solutions were added to the reactors [6, 17]. 

 
2.4 Analytical methods 

  
All samples taken before, after and during fermentation 

processes were regularly analyzed for monitoring their pH 

level using a Laboratory Benchtop pH Meter Multifunction 

Complete Probe [18]. The buffer capacity of rumen fluid was 

determined to evaluate its capability of neutralizing proton (H+) 

and/or hydroxide (OH-) generated from acid accumulation 

and/or ammonia build-up during the fermentation processes 

[19]. Samples obtained from rumen fermentation were 

measured for the ammonia content using a colorimetric 

procedure of NH3 test kit and reagent [20]. The sample was 

dried for around 24 hours at the temperature of 105 ± 0.5℃ 

using a laboratory drying oven to determine its total solid (TS) 

and moisture content (MC) [21, 22].  

To evaluate the formation of organic acids as the 

fermentation end-products, the titratable acidity (TTA) was 

determined to assess the total acids generated during the in-

vitro rumen fermentation. The measurement was conducted by 

using a Laboratory Benchtop Standard pH meter [6, 23]. The 

titrant used in the burette tube was 100 mmol/L sodium 

hydroxide standard solutions. Prior to the start of the titration, 

the analyte or the analyzed sample was given a few drop of 

phenolphthalein as an indicator [18, 24]. Further,Volatile fatty 

acid (VFA) as the common metabolites in the rumen 

fermentation was also determined by titrimetic method. All the 

procedures performed for VFA analysis were based on the 

method developed and written by Lützhøft et al. [25]. To 

generate and confirm reproducible data, each sample analyzed 

was replicated. 

 
2.5 Statistical analysis 

 
Data obtained from the experiments were statistically 

analyzed with the method of one-way analysis of variance 

(ANOVA). The sample analysis was carried out in replicate. 

Further, the data analyzed with ANOVA single factorial were 

tested with 5% (α=0.05) level of significance to assess the 

influence of various concentration of concentrates in the feed 

containing grass for the potential characteristics of acidosis in 

the rumen fermentation. 
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3. RESULTS AND DISCUSSION 

 

In-vitro rumen fermentation of forage grass supplemented 

with various concentration of concentrate was assessed with a 

series of batch trial. Table 1 showed that pH of the rumen 

liquor utilized in in-vitro study was about 7.13, which was 

quite closed to a normal pH of rumen [26]. This indicated that 

the rumen fluid used for the experiments was derived from the 

ruminant that was not suffering acidosis or no organic acids 

accumulated in the rumen. As presented in Table 1, pH of 

forage grass was somewhat neutral (7.4) while pH of the 

concentrate used was quite acidic (6.6). Hence, in-vitro study 

conducted to evaluate potential acidosis in the rumen culture 

fermenting forage grass with the addition of concentrate as a 

supplemental feed would be significant. 

Study mentioned that the normal pH of forage grass fed-

ruminants was around 6.0 to 7.0 [27] in which those pH ranges 

were considered to be the optimum pH for cellulolytic bacteria 

[28]. When pH of rumen drops below 6.2 the digestibility of 

fiber tends to be restricted [29]. Acidosis occurs when rumen 

pH drops below 6.2, and could be extended to the sub-acute 

acidosis (SARA) when the pH depresses below 6.0 [30]. This 

condition may significantly affect the health of ruminants in 

which the problem ending-up progressively worse as the pH 

declines [30, 31]. 

 
Table 1. Physicochemical properties of rumen fluid and 

substrates used for the batch experiments 

 

Parameters Unit Rumen 
Forage 

Grass 
Concentrate 

Total solids % 9.62 16.81 93.7 

Moisture 

content 
% 90.38 83.19 6.3 

pH - 7.13 7.40 6.6 

Total 

Ammonia 
mg/L 10.1 5 9.98 

Titratable 

acidity 
% 0.2 0.27 0.18 

 
The results of the study revealed that the use of solely 

concentrate as the feed would be somewhat too risky for the 

ruminants. This is because during the rumen fermentation 

concentrate was easily degraded and/or converted into 

metabolites especially organic acids. As shown in Figure 1, in 

vitro rumen fermentation of concentrate (T2) had organic acid 

accumulation represented in the low pH of the rumen culture. 

The results showed that within 2 hours of incubation pH of the 

rumen culture fermenting concentrate dropped extremely from 

6.6 to 5.7 indicating that acidosis occurred quickly. This is 

quite contrast with the rumen fermentation of forage grass in 

which during the incubation process pH of the culture was 

somewhat stable in the range between 7.0 and 6.7. The pH 

ranges of the rumen culture fermenting forage grass were 

somewhat close to the optimal pH for microbes degrading 

fiber specifically cellulolytic bacteria that have the optimal pH 

range of 6.5-7.0 [28, 32]. 

As depicted in the Figure 2, the buffer capacity of forage 

grass (6.4 mmol/L) was about two times higher than that of 

concentrate (2.92 mmol/L). This indicated that the grass 

having high fiber content was strong enough to prevent pH 

drop during the rumen fermentation due to its higher buffer 

capacity. This suggested that the feed containing a significant 

amount of concentrate would be quite vulnerable to ruminal 

acidosis due its low buffer capacity and high biodegradability. 

Hence, combination of forage grassand concentrate as a feed 

would be potential to stabilize rumen pH, minimize the risk of 

rumen acidosis, and also at the same time could maintain the 

balanced energy supply for the ruminants. The results of the 

study revealed that rumen culture fermenting the feeds 

consisting 5% concentrate (T3) and 10% concentrate (T4) did 

not experience acidosis in which within 24 hours of incubation 

pH of the culture was stable between 7.0 and 6.7. On the other 

hand, rumen culture fermenting feed containing 20% of 

concentrate (T5) had a significant drop of pH in which within 

24 hours of incubation the pH decreased from around 7 to 6.2 

(Figure 1). 

 

 
 

Figure 1. The pH of various substrates tested during the 

rumen fermentation 

 

 
 

Figure 2. Relationship between buffer capacity and pH drop 

(after 2 h incubation period) 

 

Results of the study showed that the rumen culture 

fermenting solely concentrates generated much more VFA 

compared to that of the tested substrates (Figure 3). The study 

also revealed that the more proportion of concentrates added 

to the rumen culture the more VFA were accumulated. In this 

study, the proportion of concentrates introduced was increased 

from 5% (T3) to 20% (T5). This occurs since concentrates are 

highly biodegradable substrates containing mainly 

carbohydrates that were easily degraded during the 

fermentation [6]. Hence, supplementing a significant amount 

of concentrates to the rumen culture would most likely 

generate organic acid build-up including VFA accumulated in 

the culture [33, 34]. This finding also indicated that using 

concentrates as the main feed for ruminants would be prone to 
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the ruminants running into acidosis or digestive disorder. To 

alleviate VFA accumulation in the rumen culture, the feed 

containing concentrates should be mixed with fibers such as 

various types of grasses and/or lignocellulosic biomass.  

Results revealed that the rumen fermenting merely grass 

generated lower VFA (1 g/L of VFA) than that of other 

substrates used. Besides, rumen fermenting merely 

concentrates (T2) produced around 4 g/L of VFA while the 

rumen fermenting other substrates containing concentrates and 

grass (T3 - T5) generated slightly low VFA (1.5-2.2 g/L). 

Statistical analysis carried out using ANOVA test with 5% 

level of significance revealed that there is statistically 

significant between the proportion of concentrates added and 

VFA accumulation in the rumen culture fermenting forage 

grass (p value=7.2x10-3; 𝐹𝑡𝑒𝑠𝑡=12.8; 𝐹𝑐𝑟𝑖𝑡=5.31; df=1). This

indicated that there is a close relationship between 

supplementation of concentrates and VFA build- in which an 

increase amount of concentrates would potentially increase 

organic acids in the rumen that may lead to acidosis. Besides, 

the supplementation of forage grassas a fiber substrate to the 

rumen culture fermenting concentrates would lower the VFA 

accumulation. This is because by adding grass to the rumen 

culture fermenting concentrate may enhance buffer capacity of 

the culture, prevent a drop of pH, and thereby could minimize 

the risk of rumen acidosis [35, 36]. 

Figure 3. VFA formation after rumen fermentation 

Results revealed that the rumen culture fermenting solely 

grass (T1) as substrate generated low acidity (0.2%) while the 

culture fermenting only concentrates (T2) produced high 

titratable acidity (0.4%). As shown in Figure 4, only within 2 

hours of incubation an accumulation of acid occurred in the 

rumen culture fermenting concentrates (T2). An accumulation 

of acids were restricted when the proportion of concentrates 

and/or easily degradable feeds were reduced [37, 38]. In this 

study, the proportion of grass was varied from 100% to 80% 

containing concentrates from 5 to 20%. 

Results of the current study showed that low proportion of 

concentrates supplemented to the rumen culture fermenting 

grass did not generate accumulation of titratable acidity. Study 

mentioned that highly fermentable diets, such as concentrates 

may need the addition of sufficient amount of fiber to lower 

the risk of acid accumulation leading to acidosis [39]. Besides, 

to prevent acid accumulation in the rumen culture 

supplementing 5-10% of concentrates might still be feasible to 

maintain the energy intake of ruminants by using concentrates 

as additional feeds. This is because within 24 hours of 

incubation an accumulation of acids did not occur in the 

culture of T2 and T3 (5-10% of concentrates) in which their 

titratable acidity ranged from 0.2 to 0.3%. On the other hand, 

20% of concentrates supplemented to the rumen culture 

fermenting forage grass (T5) generated acids accumulated in 

the culture. Within 24 hours of incubation its titratable acidity 

was about 0.5%. In this trial, the culture began to experienced 

acids build-up in which its pH also dropped from 7.0 to 6.2 

suggesting that the rumen culture had a sub-acute ruminal 

acidosis. 

Figure 4. Titratable acidity of various substrates during the 

rumen fermentation 

Ruminal ammonia nitrogen (NH3-N) is a significant 

nutrient, which could support efficient rumen fermentation. 

The current study assessed the concentration of ammonia 

nitrogen before and after rumen fermentation of various 

substrates tested (Figure 5). Results of the current study 

revealed that the concentration of ammonia nitrogen of all 

substrates tested had increased significantly from 7.5 to 15.2 

mg/L after 48 h of incubation. This suggested that 

fermentation would enhance ruminal NH3-N that would be 

utilized as the source of nutrients for rumen microflora. Study 

mentioned that at higher ruminal NH3-N level may induce the 

growth of various populations of microbes in the rumen, such 

as protozoa, fungi and bacteria [40]. The study also revealed 

that high level of ammonia nitrogen in rumen may enhance 

digestibility, rumen ecology and intake of feeds especially 

fiber materials, such as grass and straw [40]. 

Figure 5. Ammonia profile of various substrates after rumen 

fermentation 

The current study revealed that fermentation process in the 

rumen culture had been able to reduce solid content of the 

substrates (Figure 6). This is because during the fermentation 

solid content of the substrates was degraded by rumen 
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microbes and converted into metabolites [41]. Biodegradation 

efficiency or the percentage of solid conversion might highly 

depend on the types and/or composition of the substrates 

fermented [6, 42]. Typically high degradable substrates would 

have higher degradation rate than that of the low degradable 

substrates [41, 43]. In this study the grass (T1) had slightly low 

biodegradation efficiency (30%) than that of the concentrate 

(T2), which was around 38%. The low biodegradation 

efficiency indicated that the feed supplemented was not 

completely digested in the rumen system. This implied that 

lack of energy received by ruminants once feeding merely 

grass, and thereby could lower their productivity. Besides, 

feeding solely concentrate also generated low degradation 

efficiency since this substrate cannot be fully degraded since 

during the fermentation organic acid build-up may lead a drop 

of pH that could restrict the digestion process. Both grass and 

concentrates fermented in the rumen culture still reached low 

biodegradation efficiency in which both were still below 50% 

degradation (Table 2). 

 

 
 

Figure 6. Solid concentration of various substrates before 

and after rumen fermentation 
 

Table 2. Biodegradation efficiency 

 
Treatments Biodegradation Efficiency (%) 

T0 11.96 

T1 30.00 

T2 38.30 

T3 65.22 

T4 80.70 

T5 25.00 

 

Combining both substrates (concentrate or grass) would be 

potential to generate high biodegradation efficiency than 

fermenting solely a single substrate [44]. This is because using 

the grass only as the substrate may slowly the fermentation and 

conversion process due to low degradability. On the other 

hand, using solely concentrate may potentially generate rumen 

acidosis since it was easily degraded and converted to organic 

acids leading to a drop of pH culture [44-46]. As presented in 

Table 2, the current study showed that 5 to 10 percent of 

concentrates (T3, T4) supplemented to the rumen culture 

fermenting grass would effectively enhance the conversion 

rate and biodegradation efficiency (65-80%). The applied 

treatment or composition (5-10% of concentrates) was quite 

feasible to enhance energy intake for ruminants since the 

composition did not generate acidosis and/or acid 

accumulation. Further, the pH of those treatments was 

somewhat stable in the range of 6.8 and 7.1 (Figure 1) 

suggesting that the rumen did not experience acidosis. 

4. CONCLUSIONS 

 
The results of the current study revealed that the addition of 

a lot of concentrates to the rumen culture may reduce pH level 

of the culture due acid accumulation. The acid condition in the 

culture may induce to rumen acidosis. On the other hand, 

fermentation of forage grass using elephant grass in the rumen 

culture did not cause rumen acidosis due to organic acid build-

up. The study aims to evaluate the various proportion of 

concentrates (5-20%) supplemented in the rumen fermenting 

forage, and results of the study showed that supplementation 

of 10% of concentrates could increase biodegradation 

efficiency at about 80%. Also, this proportion could prevent a 

drop pH in the culture, restrict the acid accumulation and 

prevent rumen acidosis. The result of the current study would 

be significant for feeding management of cattle, and would be 

more applicable when the best treatment specified are tested 

in in-vivo study. 
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