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ABSTRACT 

This study aimed to evaluate the effects of different ratios of corn stover and pineapple waste silage on rumen 

pH, bacterial population, protozoa population, and methane production under in vitro conditions. The experiment 

was conducted using a Completely Randomized Design (CRD) with four treatments and five replications. The 

treatments consisted of T1 (90% corn stover + 10% pineapple waste), T2 (80% corn stover + 20% pineapple 

waste), T3 (70% corn stover + 30% pineapple waste), and T4 (60% corn stover + 40% pineapple waste). Data 

were analyzed using analysis of variance (ANOVA) followed by Duncan’s multiple range test. The results 

showed that varying the ratio of corn stover and pineapple waste silage had no significant effect on rumen pH 

(6.77–6.78), bacterial population (3.03–3.31 × 10⁹ CFU/mL), or methane production (5.57–6.45 mM) (P > 0.05). 

In contrast, the protozoa population was significantly affected by the treatments (4.21–4.70 × 10⁵ cells/mL; P ≤ 

0.05), showing a decreasing tend by adding levels of pineapple waste. All measured parameters remained within 

normal physiological ranges, indicating stable rumen fermentation conditions. Although differences in methane 

production and bacterial population among treatments were not statistically significant, treatment T4 tended to 

exhibit a higher bacterial population and lower methane production. These findings indicate that combinations 

of corn stover and pineapple waste silage up to a 60:40 ratio are feasible for maintaining balanced rumen 

fermentation, with potential implications for improving fermentation efficiency and mitigating methane 

production. Further in vivo studies are required to confirm these results under practical feeding conditions.  
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INTRODUCTION 

Beef cattle are a strategic livestock commodity that plays a crucial role in meeting the animal protein 

requirements of the Indonesian population. West Java Province is the second largest beef producer in Indonesia 

after East Java, with production reaching 85,241.70 tons, equivalent to 17.80% of national beef production in 

2024 (BPS West Java, 2024). Sustainable beef cattle production is strongly influenced by the availability of 

adequate feed, both in quantity and nutritional quality, as feed represents the largest production cost and is the 

primary factor determining livestock performance. 

The utilization of agro industrial by products as alternative feed resources can help address feed shortages, reduce 

production costs, and minimize competition with human food resources. One such readily available feed source 

is corn stover, defined as the whole corn plant harvested at 60 to 80 days of age (Satiyarti et al., 2023). Corn 

stover is widely used as ruminant feed because it grows rapidly and adapts well to tropical environments 

(Tuturoong et al., 2020). According to Mustika & Hartutik (2021), corn stover contains 23.55% crude fiber, 

7.80% crude protein, 2.4% ether extract, 7.43% ash, and 31.20% dry matter. Its relatively high dry matter content 

contributes to silage stability by reducing the risk of spoilage during fermentation. Corn stover is also 
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characterized by high fiber fractions, with Neutral Detergent Fiber values of 68.78% and Acid Detergent Fiber 

values of 42.36% (Tuturoong et al., 2020). In addition, corn stover is rich in lignocellulosic components, 

consisting of 28.38% cellulose and 19.16% hemicellulose (Angulo Padilla et al., 2018), which directly influence 

feed fermentability and digestibility in the rumen. Furthermore, the relatively high content of water soluble 

carbohydrates in corn stover supports the ensilage process by providing substrates for lactic acid bacteria, 

promoting lactic acid production and rapid pH reduction (Gao et al., 2019). 

In addition to corn stover, pineapple (Ananas comosus) waste has considerable potential as a ruminant feed 

resource. Pineapple is a major tropical fruit commodity in Indonesia, with high production levels, particularly in 

West Java, where Subang Regency contributes more than 92.00% of provincial pineapple production (Andri, 

2020). Approximately 47.00% of pineapple processing by products remain underutilized and may cause 

environmental pollution if not properly managed (Chrysostomus et al., 2020; Wahyuni et al., 2016). Pineapple 

waste contains carbohydrates, fiber, and various bioactive compounds that make it suitable for ruminant feeding. 

Its nutritional composition includes 14.22% dry matter, 81.90% organic matter, 8.10% ash, 3.50% crude protein, 

19.69% crude fiber, 3.49% ether extract, and 57.27% Neutral Detergent Fiber, with an energy value of 

approximately 4,481.00 kcal (Septia et al., 2025). The relatively high carbohydrate content, approximately 

11.39%, also provides a favorable substrate for microbial growth during fermentation (Cornelia & Kristyanti, 

2021). 

Beyond its nutritional value, pineapple waste contains several bioactive compounds, including flavonoids, 

saponins, and the proteolytic enzyme bromelain, which can influence rumen fermentation. Flavonoids have been 

reported to improve nitrogen utilization efficiency and suppress methane production by modulating rumen 

microbial populations (Liu et al., 2023). Saponins are known to reduce rumen protozoa populations by disrupting 

cell membranes, thereby altering fermentation pathways and potentially decreasing methane formation (Patra & 

Saxena, 2009). Bromelain enhances protein degradation into amino acids and ammonia, which can be more 

efficiently utilized by rumen microorganisms, supporting microbial protein synthesis and improving 

fermentation efficiency (Wurlina et al., 2020). However, pineapple waste also contains antinutritional 

compounds such as tannins and oxalic acid, which may reduce nutrient availability if not properly managed 

(Khajali & Rafiei, 2024; Reiza et al., 2019). Therefore, appropriate processing technologies are required to 

enhance its nutritional value while minimizing the negative effects of these compounds. 

Silage fermentation is an effective preservation method to improve forage quality and extend the shelf life of 

high moisture materials such as corn stover and pineapple waste (Wati et al., 2018). Under anaerobic conditions, 

lactic acid bacteria convert soluble sugars into lactic acid, resulting in a rapid decline in pH and inhibition of 

spoilage microorganisms (Yuliyati et al., 2018). High quality silage is expected to support stable rumen 

fermentation, particularly by maintaining rumen pH within an optimal range. Rumen pH plays a critical role in 

regulating microbial activity, especially that of cellulolytic bacteria, which function optimally at a pH of 6.00 to 

7.00 (Wajizah et al., 2015). A decline in rumen pH can inhibit fiber degradation, reduce fermentation efficiency, 

and disrupt the balance of rumen microbial populations. 

Rumen fermentation is essential for the production of volatile fatty acids, which serve as the primary energy 

source for ruminant animals. However, this process also results in methane production, which represents a major 

limitation. Methane is a potent greenhouse gas contributing to climate change and also reflects an energy loss 

from the feed, estimated to range from 2.00% to 12.00% of gross energy intake. Methane production is strongly 

influenced by rumen microbial activity, particularly that of fiber degrading bacteria and protozoa, as well as 

rumen pH and dietary composition (Martin et al., 2010). Therefore, an appropriate combination of corn stover 

and pineapple waste is required to optimize silage quality, support efficient rumen fermentation, maintain 

microbial balance, and reduce methane emissions. 

MATERIALS AND METHODS 

Silage Production 

The research was conducted at the Ruminant Animal Nutrition and Animal Feed Chemistry Laboratory, Faculty 

of Animal Husbandry, Universitas Padjadjaran, from July to December 2025. The materials used for silage 
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preparation included corn stover obtained from Ben Buana Sejahtera Farm, located in Jatinangor District, 

Sumedang Regency, West Java Province. The corn stover was harvested at 90 days of age. Pineapple waste was 

obtained from a peeled pineapple supplier in Sarireja Village, Jalanjagak District, Subang Regency, West Java 

Province. 

The moisture content of both corn stover and pineapple waste was reduced by wilting for approximately 24 

hours. After wilting, the materials were chopped into pieces measuring approximately 2 to 4 cm, weighed, and 

mixed according to the designated treatment ratios. Molasses diluted with water at a 1:1 ratio was added as a 

fermentation additive. All ingredients were thoroughly mixed until homogeneous, then placed into plastic-lined 

jars, compacted to remove trapped air, and tightly sealed to create anaerobic conditions. 

The silage fermentation process was carried out for 22 days at room temperature, following Paloa et al. (2025), 

who reported that silage fermentation generally occurs within 21 to 35 days. After the fermentation period, the 

silage was harvested and dried using a sun drying method until sufficiently dry. The dried silage was 

subsequently ground using a hammer mill for further analysis. 

In Vitro 

The fermented silage samples were evaluated for fermentability using the in vitro gas production technique 

described by Theodorou et al. (1994). A 0.5 g sample of each silage treatment was placed into a fermentation 

vial. Fresh rumen fluid collected from beef cattle was added, followed by McDougall’s solution (McDougall, 

1947) as an artificial saliva buffer with a pH of 6.9, at a ratio of 10 mL rumen fluid to 40 mL McDougall’s 

solution. Carbon dioxide gas was flushed into the vial for approximately 15 seconds to ensure anaerobic 

conditions, after which the vial was sealed with a rubber stopper. 

Rumen fluid was obtained from the Ciroyom Slaughterhouse Technical Implementation Unit (UPTD RPH), 

located at St. Arjuna No. 45, Husen Sastranegara, Cicendo District, Bandung City, West Java Province. After 

sealing, the vials containing the sample and reduction solution were shaken manually for approximately 30 

seconds until homogeneous. The vials were then placed in a water bath set at a temperature of 38 to 40°C and 

incubated for 24 hours, with gentle shaking performed every 3 hours. 

Observed Variables 

Rumen pH 

Rumen fluid pH was measured using a digital pH meter after 24 hours of incubation. First, the pH meter was 

standardized using a buffer solution at pH 7 for ±10 minutes, then with a buffer solution at pH 4 for ±10 minutes. 

The cathode was dipped into the solution until the pH meter reading reached a constant value. The pH meter 

reading was recorded as the rumen fluid pH (Hernaman et al., 2015). 

Microbial Population 

Fermented rumen fluid from each vial was transferred into a 50 mL Falcon tube for microbial analysis. 

Approximately 1 mL of the rumen fluid supernatant was collected for protozoa enumeration using a light 

microscope (Zeiss Primo Star, type no. 5, Jena, Germany). Protozoa counting was conducted by mixing 1 mL of 

fermented rumen fluid with 6 mL of 3.7% formalin and observing the sample twice under the microscope 

(Tanuwiria et al., 2025). Protozoa population was calculated using the following formula: 

Total Protozoa Population =  Average protozoa ×
1000 

100
 × 7 

Total bacterial population was determined using a Thoma counting chamber with a depth of 0.02 mm 

(BlauBrand, Wertheim, Germany). A volume of 20 µL of fermented rumen fluid was mixed with 6,980 µL of 

Hayem’s solution. Approximately 10 µL of the mixture was loaded into each chamber, and observations were 

performed in five chambers (Tanuwiria et al., 2025). Bacterial population was calculated using the following 

formula: 
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Total Bacterial Population =  
(

Average bacterial
5 )   ×  1000 

0,004
 

Methane Gas 

Gas production was measured at 2 hour intervals during the 24 hours incubation period using a 10 mL syringe 

fitted with a 0.1 mm diameter needle, which was inserted through the rubber stopper of the sealed vial. The 

produced gas was collected into a vacuum sealed 100 mL vial. Total gas production over 24 hours was calculated 

by summing the gas volumes collected at each interval. Approximately 5 mL of the accumulated gas was 

transferred into a 5 mL Vacutainer tube for methane concentration analysis. Methane concentration was 

determined using gas chromatography, with the injector temperature set at 90°C and the column temperature at 

75°C. 

Data Analysis and Method 

This study employed an experimental method using a Completely Randomized Design (CRD) consisting of four 

treatments with five replications each. The treatments were as follows: 

T1 = Silage with a ratio of 90% Corn Stover and 10% Pineapple Waste 

T2 = Silage with a ratio of 80% Corn Stover and 20% Pineapple Waste 

T3 = Silage with a ratio of 70% Corn Stover and 30% Pineapple Waste 

T4 = Silage with a ratio of 60% Corn Stover and 40% Pineapple Waste 

A total of 20 experimental units were used for the analysis of rumen pH, microbial populations, and methane 

production, with one additional unit serving as a blank. Data were analyzed using analysis of variance (ANOVA), 

and significant differences among treatments were further evaluated using Duncan’s multiple range test. 

RESULT AND DISCUSSION 

This study evaluated the effects of different ratios of corn stover and pineapple waste silage on rumen pH, 

microbial populations, and methane production under in vitro conditions. The results are presented in Table 1. 

Table 1. The Effect of Corn Stover and Pineapple Waste Ratio in Silage on Rumen pH, Bacterial Populations, 

Protozoa Populations and Methane Gas (In Vitro) 

Parameter Treatment 

T1 T2 T3 T4 

Rumen pH 6.77±0.03 6.77±0.02 6.78±0.02 6.77±0.02 

Bacterial Populations (109 

CFU/mL) 

3.18±0.23 3.20±0.21 3.03±0.09 3.31±0.38 

Protozoa Populations (105 

cells/mL) 

4.70±0.10c 4.21±0.14a 4.28±0.09a 4.52±0.16b 

Methane Gas (mM) 5.76±0.47 6.45±0.43 5.68±0.40 5.57±0.89 

Data are presented as mean ± SD. Based on ANOVA, only the protozoa population was significantly affected by 

the treatments (P ≤ 0.05), whereas pH, bacterial population, and methane production showed no significant 

differences among treatments (P > 0.05). Different superscript letters indicate significant differences exclusively 
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within the protozoa row. T1 = 90% Corn Stover + 10% Pineapple Waste; T2 = 80% Corn Stover + 20% Pineapple 

Waste; T3 = 70% Corn Stover + 30% Pineapple Waste; T4 = 60% Corn Stover + 40% Pineapple Waste.  

Rumen pH 

Rumen fluid pH is an important indicator of the fermentation process occurring in the rumen. Analysis of 

variance showed that the treatments had no significant effect on rumen pH (P > 0.05). Rumen pH values across 

all treatments ranged narrowly from 6.77 to 6.78, indicating relatively uniform fermentation conditions. This 

suggests that differences in silage composition among treatments were not sufficient to alter rumen acidity.  

The observed pH values were within the normal physiological range for optimal rumen fermentation. Bayne & 

Edmondson (2020) reported that the ideal rumen pH for efficient microbial fermentation ranges from 5.50 to 

7.00. Rumen pH values were relatively similar among treatments, with pH levels of T1 (6.77), T2 (6.77), T3 

(6.78), and T4 (6.77).  These minor differences were biologically negligible and did not reflect meaningful 

changes in rumen fermentation dynamics. 

A stable rumen pH reflects a balanced rumen ecosystem that supports the growth and activity of rumen 

microorganisms, including bacteria and protozoa. Hoy et al. (2023) reported that such conditions are essential 

for optimal feed fermentation, fiber degradation, and microbial protein synthesis. Similarly, Usman (2013) stated 

that maintaining rumen pH within the normal range is critical for cellulolytic bacteria, which are sensitive to 

acidic conditions and play a major role in fiber digestion. 

Bacterial Population 

Analysis of variance indicated that the treatments had no significant effect on rumen bacterial populations (P > 

0.05). Bacterial populations across all treatments ranged from 3.03 to 3.31 × 10⁹ CFU/mL, suggesting that rumen 

fermentation conditions were relatively uniform and stable. This indicates that combinations of corn stover and 

pineapple waste silage at different ratios provided sufficient fermentable substrates to support bacterial growth. 

The bacterial population observed in this study remained within the optimal range to support nutrient degradation 

and volatile fatty acid (VFA) production. McDonald et al. (2010) reported that total bacterial populations 

associated with active rumen fermentation typically range from 10⁹ to 10¹⁰ CFU/mL of rumen fluid. 

Bacterial populations were relatively comparable among treatments, with values of T1 (3.18 × 10⁹ CFU/mL), 

T2 (3.20 × 10⁹ CFU/mL), T3 (3.03 × 10⁹ CFU/mL), and T4 (3.31 × 10⁹ CFU/mL). The higher proportion of 

pineapple waste in T4 tended to support greater bacterial abundance, likely due to the availability of readily 

fermentable carbohydrates that stimulate bacterial activity. These findings indicate that rumen conditions in T4 

were particularly favorable for microbial growth and fermentation efficiency. 

Similar trends have been reported in previous studies. Suksathit et al. (2011) found that in vitro fermentation of 

pineapple waste silage resulted in bacterial populations ranging from 9.90 to 12.07 × 10⁹ CFU/mL, while Zhang 

et al. (2022) reported that corn stover supported bacterial populations of up to 10⁹ CFU/mL. The bacterial 

populations observed in this study were within comparable ranges, indicating that the combination of corn stover 

and pineapple waste did not impair rumen microbial performance but instead maintained favorable fermentation 

conditions. 

Protozoa Population 

In contrast to rumen pH and bacterial population, analysis of variance showed that the treatments significantly 

affected protozoa populations (P ≤ 0.05). Protozoa populations ranged from 4.21 to 4.70 × 10⁵ cells/mL across 

all treatments and remained within the normal physiological range for rumen fluid. This finding is consistent 

with Soetanto (2019), who reported that protozoa populations in the rumen typically range from 10⁵ to 10⁶ 

cells/mL. 

The highest protozoa population was observed in treatment T1 (4.70 × 10⁵ cells/mL), followed by T4 (4.52 × 

10⁵ cells/mL), T3 (4.28 × 10⁵ cells/mL), with the lowest population recorded in T2 (4.21 × 10⁵ cells/mL). Overall, 
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the results indicate a decreasing trend in protozoa population with increasing proportions of pineapple waste in 

the silage. Although all treatments maintained protozoa populations within a range supportive of rumen 

fermentation, the significant differences observed suggest that dietary composition played an important role in 

modulating protozoa abundance. 

Comparable findings have been reported in previous studies. Widiawati (2009) reported protozoa populations 

ranging from 0.37 to 2.86 × 10⁶ cells/mL in rumen fluid when pineapple peel waste was included in the diet, 

while Zhang et al. (2022) observed protozoa populations of approximately 10⁶ cells/mL in corn stover based 

diets. These studies support the present results, indicating that combinations of corn stover and pineapple waste 

silage are able to maintain rumen microbial balance while influencing protozoa dynamics. 

The observed reduction in protozoa population with increasing pineapple waste inclusion may be attributed to 

the presence of bioactive compounds, particularly saponins and flavonoids, in pineapple waste. Saponins are 

known to exhibit antiprotozoal activity by forming complexes with sterols in protozoal cell membranes, leading 

to increased membrane permeability and cell lysis, thereby reducing protozoa populations in the rumen. 

Flavonoids have also been reported to modulate rumen microbial ecosystems by selectively inhibiting protozoa 

and altering microbial interactions, which can indirectly suppress protozoa growth. These mechanisms explain 

why treatments containing higher proportions of pineapple waste tended to exhibit lower protozoa populations. 

In addition to bioactive compounds, differences in the ratio of corn stover to pineapple waste influenced the 

availability and type of carbohydrate substrates in the rumen. Treatment T1, which was dominated by corn stover, 

provided a higher proportion of structural carbohydrates and starch, supporting the highest protozoa population. 

Protozoa utilize carbohydrates as energy sources in addition to preying on rumen bacteria, as reported by Wandra 

et al. (2020). Conversely, increasing levels of pineapple waste in treatments T2 to T4 supplied more readily 

fermentable carbohydrates along with bioactive compounds, creating conditions less favorable for protozoa 

proliferation. 

The reduction in protozoa populations observed in treatments with higher pineapple waste inclusion may have 

important implications for rumen fermentation efficiency and methane mitigation. Protozoa are known to form 

syntrophic associations with methanogenic archaea through hydrogen transfer (Patel, 2018). Therefore, a 

decrease in protozoa populations may reduce hydrogen availability for methanogenesis, contributing to lower 

methane production, even though differences in methane levels were not statistically significant in this study. 

This suggests that the inclusion of pineapple waste in corn stover based silage has the potential to modulate 

rumen microbial interactions in a direction favorable for improved fermentation efficiency and reduced methane 

emissions. 

Methane Gas 

Analysis of variance showed that the treatments had no significant effect on methane production (P > 0.05). 

Methane concentrations ranged from 5.57 to 6.45 mM across treatments. Methane production showed a narrow 

range across treatments, with concentrations of T1 (5.76 mM), T2 (6.45 mM), T3 (5.68 mM), and T4 (5.57 mM). 

Methane production trend decreasing by adding pineapple waste. These values were relatively low and uniform, 

indicating that differences in silage composition did not result in substantial increases in methane production 

during in vitro rumen fermentation. 

Methane formation in the rumen occurs through methanogenesis, a process in which methanogenic archaea 

utilize hydrogen (H₂) and carbon dioxide (CO₂) to produce CH₄ (Martin et al., 2010). The hydrogenotrophic 

pathway (CO₂ + 4H₂ → CH₄ + 2H₂O) is the primary mechanism, although the acetylastic pathway may also 

occur under specific conditions (Martin et al., 2010). The relatively low methane production observed in this 

study suggests limited availability of hydrogen substrate for methanogens. 

Methane production is closely associated with protozoa and rumen bacterial populations. Protozoa are known to 

form syntrophic associations with methanogens by producing hydrogen as a metabolic byproduct (Patel, 2018). 

In this study, treatments with relatively higher protozoa populations tended to exhibit slightly higher methane 
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production; however, this relationship was not linear and did not result in statistically significant differences, 

indicating that overall rumen microbial balance was maintained. 

Compared with previous studies, methane production in this experiment was considerably lower. Ridla et al. 

(2025) reported methane production ranging from 18.40 to 21.03 mM from silage composed of pineapple and 

corn stover, which was nearly three times higher than the values observed in this study. This suggests that the 

ration formulation and ingredient ratios used here were more effective in suppressing methane formation during 

rumen fermentation. 

The reduced CH₄ production may be attributed to the complementary carbohydrate characteristics of corn stover 

and pineapple waste, as well as the presence of bioactive compounds in pineapple waste. Plant secondary 

metabolites such as saponins and polyphenols are known to exhibit antiprotozoal activity and inhibit 

methanogenesis through substrate competition and direct suppression of methanogenic archaea (Yanuartono et 

al., 2019). 

CONCLUSIONS 

This study was conducted using an in vitro rumen fermentation system, which has inherent limitations. The in 

vitro approach does not fully represent the complexity of the rumen environment in live animals, particularly in 

terms of animal metabolism, feed intake regulation, absorption of fermentation end products, and long term 

microbial adaptation. In addition, the relatively short incubation period may not reflect the sustained effects of 

dietary treatments on rumen microbial dynamics and methane production. Therefore, further in vivo studies are 

recommended to validate the effects of corn stover and pineapple waste silage combinations on rumen 

fermentation characteristics and methane emissions under practical feeding conditions. 

Varying the ratio of corn stover and pineapple waste silage up to 40% did not significantly affect rumen pH 

(6.77–6.78), bacterial population (3.03–3.31 × 10⁹ CFU/mL), or methane production (5.57–6.45 mM), with all 

values remaining within normal and stable ranges. In contrast, the protozoa population (4.21–4.70 × 10⁵ 

cells/mL) was the only parameter significantly affected by the treatments (P ≤ 0.05), showing a decreasing trend 

as the proportion of pineapple waste increased, although still within the optimal range for rumen fermentation. 

The relatively low methane production observed across treatments suggests the potential of combining corn 

stover and pineapple waste silage to support efficient rumen fermentation while contributing to methane 

mitigation. Overall, all tested silage ratios were feasible and capable of maintaining a balanced rumen microbial 

ecosystem. However, further in vivo investigations are necessary to confirm these findings and evaluate their 

applicability under animal production conditions. 
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