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Integrated ruminant feeding systems utilizing agro-industrial by-products offer a 

sustainable solution to feed constraints in tropical livestock production. This study 

evaluated the physical quality and fermentation characteristics of elephant grass–based 

complete feed silage formulated with different proportions of tofu by-product and rice bran. 

A completely randomized design with four silage formulations was applied. Silage was 

anaerobically fermented for 21 days and assessed for organoleptic properties (aroma, color, 

texture, and fungal growth) and pH value. The results showed that silage formulation did 

not significantly affect aroma, texture, or pH (P>0.05), with all treatments exhibiting 

characteristics of good-quality silage, including a pleasant acidic aroma, compact texture, 

and acceptable pH values ranging from 3.93 to 4.50. In contrast, fungal growth and color 

were significantly influenced by treatment (P<0.01). Increasing the proportion of rice bran 

reduced fungal growth and improved silage color, indicating enhanced fermentation 

stability. The formulation with the highest rice bran proportion demonstrated the most 

favorable overall silage quality. In conclusion, elephant grass–based complete feed silage 

integrated with agro-industrial by-products can produce stable and high-quality silage. 

These findings support the development of integrated and sustainable ruminant feeding 

strategies that improve resource efficiency and promote circular agriculture. 

Kata kunci: ABSTRAK  

kualitas fermentasi, 

peternakan 

berkelanjutan, produk 

samping agroindustri, 

silase pakan komplit, 

silase rumput gajah, 

sistem pakan 

ruminansia terpadu.  

Sistem pakan ruminansia terpadu yang memanfaatkan produk samping 

agroindustri merupakan solusi berkelanjutan untuk mengatasi keterbatasan 

pakan pada sistem peternakan tropis. Penelitian ini bertujuan mengevaluasi 

kualitas fisik dan karakteristik fermentasi silase pakan komplit berbasis rumput 

gajah dengan proporsi ampas tahu dan dedak padi yang berbeda. Penelitian 

disusun menggunakan rancangan acak lengkap dengan empat formulasi silase. 

Silase difermentasi secara anaerob selama 21 hari dan dievaluasi berdasarkan sifat 

organoleptik (aroma, warna, tekstur, dan pertumbuhan jamur) serta nilai pH. 

Hasil penelitian menunjukkan bahwa perbedaan formulasi tidak berpengaruh 

nyata terhadap aroma, tekstur, dan nilai pH (P>0,05). Seluruh perlakuan 

menghasilkan silase berkualitas baik dengan aroma asam yang khas, tekstur 

kompak, dan nilai pH yang masih dapat diterima (3,93–4,50). Sebaliknya, warna 

dan pertumbuhan jamur dipengaruhi secara nyata oleh perlakuan (P<0,01). 

Peningkatan proporsi dedak padi mampu menurunkan pertumbuhan jamur dan 

memperbaiki warna silase, yang menunjukkan fermentasi lebih stabil. Formulasi 

dengan proporsi dedak padi tertinggi memberikan kualitas silase terbaik secara 

keseluruhan. Kesimpulannya, silase pakan komplit berbasis rumput gajah yang 

terintegrasi dengan produk samping agroindustri berpotensi mendukung 

pengembangan sistem pakan ruminansia terpadu, efisien, dan berkelanjutan. 
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INTRODUCTION 

 

Sustainable agricultural systems currently face major challenges related to resource-use 

efficiency, feed security for livestock, and the management of agro-industrial waste. In the ruminant 

livestock sector, seasonal fluctuations in forage availability, particularly in tropical regions, 

represent one of the main constraints on animal productivity (Feitosa et al., 2022; Fetzel et al., 2017). 

Reliance on fresh forage not only increases the risk of feed shortages during the dry season but also 

reduces the overall efficiency of livestock production systems (Duguma & Janssens, 2021; Tulu et 

al., 2023). 

In this context, the concept of integrated ruminant feeding systems has gained increasing 

attention (Kusumo et al., 2017; Moorby & Fraser, 2021). This approach emphasizes the integration 

of forage production, utilization of agro-industrial by-products, and feed preservation technologies 

to create systems that are efficient, sustainable, and resilient to climate variability (Michael et al., 

2021). One of the key strategies within such systems is the use of high-biomass forage combined 

with agro-industrial residues as alternative feed resources with added value. 

Elephant grass (Pennisetum purpureum) is a widely used forage species in tropical ruminant 

production systems due to its high biomass yield and strong adaptability (Anggraini & Yulianto, 

2023; Suherman, 2021). However, its high moisture content and limited shelf life make elephant 

grass susceptible to rapid quality deterioration if not utilized promptly (Chen et al., 2022; Lemos et 

al., 2020). Therefore, processing elephant grass into silage represents a strategic solution to ensure 

year-round feed availability while improving the stability of ruminant feeding systems (Daniel et 

al., 2019). 

Meanwhile, food-processing industries generate various by-products with considerable 

potential for use as livestock feed, such as tofu dregs and rice bran. Tofu dregs are soybean-based 

agro-industrial residues that still contain relatively high levels of protein and energy (Alwi et al., 

2021; Febrina et al., 2022; Kamble & Rani, 2020; Mahyudi & Husinsyah, 2020), whereas rice bran 

serves as an important source of readily fermentable carbohydrates and energy (Alexandri et al., 

2020; Hidayat et al., 2021; Spaggiari et al., 2021). Integrating these by-products into ruminant feeding 

systems not only has the potential to improve the nutritional quality of silage but also supports the 

principle of valorization of agro-industrial by-products within a circular and sustainable agriculture 

framework. 

Although numerous studies have reported the utilization of elephant grass (Nisa et al., 2020; 

Suherman, 2021; Utari, 2018), tofu dregs (Afzalani et al., 2017; Ashari, 2019; Sari et al., 2016), or rice 

bran individually in animal feed (Zhang YC, et al., 2021), research that positions these three 

components as part of an integrated ruminant feeding system based on complete feed silage remains 

limited (Suganda et al., 2022; Wong et al., 2019). Most previous studies have focused on nutrient 

composition or animal performance, whereas comprehensive evaluations of physical quality and 

fermentation characteristics of silage as early indicators of integrated feed system success have 

received less attention, particularly in the context of simultaneous utilization of multiple agro-

industrial by-products. 

In fact, the physical quality of silage—such as aroma, color, texture, fungal growth, and pH 

value—constitutes key parameters that determine fermentation stability, feed safety, and animal 
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acceptability (Ávila & Carvalho, 2020; Kung et al., 2018; Oladosu et al., 2016; Sofyan et al., 2017). 

These parameters play a critical role in ensuring that integrated feeding systems are not only 

conceptually sustainable but also practically applicable at the farm level (Farda et al., 2023; 

Suryapratama & Rahayu, 2020). 

Based on this background, the present study aims to evaluate the physical quality and 

fermentation characteristics of elephant grass-based silage combined with tofu dregs and rice bran 

as part of an integrated ruminant feeding system. The findings of this study are expected to provide 

scientific contributions to the development of sustainable integrated agricultural systems through 

the efficient and value-added utilization of agro-industrial by-products as alternative feed resources. 

 

RESEARCH METHODOLOGY 

 

Time and Location of the Study 

This study was conducted from January to February 2024 and consisted of two main stages. 

The first stage involved the preparation of complete feed silage based on elephant grass, which was 

carried out at the Laboratory of the Faculty of Agriculture, Animal Science, and Fisheries, 

Universitas Muhammadiyah Parepare. The second stage comprised the evaluation of the physical 

quality and fermentation characteristics of the silage, conducted at the Laboratory of the Faculty of 

Agriculture, Animal Science, and Fisheries, Campus II, Universitas Muhammadiyah Parepare. 

Materials and Equipment 

The materials used in this study included elephant grass (Pennisetum purpureum) as the 

primary forage source, tofu dregs and rice bran as agro-industrial by-products, mineral mix, and a 

microbial inoculant solution (EM4). Elephant grass was obtained from plantation areas in Pinrang 

Regency, while tofu dregs were sourced from local tofu-processing industries in the same region. 

The equipment used consisted of a digital balance, machetes and cutting boards for chopping 

the materials, plastic bags used as silos, measuring cylinders, spray bottles, mixing tools, and a 

digital pH meter for measuring silage acidity. 

Experimental Design and Treatments 

The experiment was arranged in a Completely Randomized Design (CRD) with four 

treatments and three replications. The treatments were formulated based on varying proportions of 

tofu dregs and rice bran in complete feed silage formulations, while maintaining a constant 

proportion of elephant grass across all treatments. The treatment formulations were as follows: 

S1: 50% elephant grass + 30% tofu dregs + 19% rice bran + 1% mineral mix 

S2: 50% elephant grass + 25% tofu dregs + 24% rice bran + 1% mineral mix 

S3: 50% elephant grass + 20% tofu dregs + 29% rice bran + 1% mineral mix 

S4: 50% elephant grass + 15% tofu dregs + 34% rice bran + 1% mineral mix 

These treatments were designed to evaluate the effects of gradual substitution between tofu 

dregs and rice bran on the physical quality and fermentation characteristics of silage within an 

integrated ruminant feeding system. 

Silage Preparation Procedure 

Elephant grass and tofu dregs were chopped into approximately ±3 cm lengths to enhance 

homogeneity and facilitate the fermentation process. All feed ingredients were thoroughly mixed 
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according to their respective treatment formulations. The microbial inoculant (EM4) was applied at 

a ratio of 1 mL EM4 per 1 L of water and evenly sprayed onto the feed mixture. 

The mixture was then gradually placed into silos while being compacted to minimize oxygen 

presence and establish anaerobic conditions. The silos were tightly sealed and stored at room 

temperature for 21 days to allow the fermentation process to take place. 

Observed Parameters 

Physical Quality of Silage 

The physical quality of silage was evaluated organoleptically based on aroma, color, texture, 

and fungal growth. Assessment was performed using a scoring system ranging from 1 to 4 for each 

parameter, following the criteria described by 2010 McDonald et al. (Filippi et al., 2018; McDonald 

et al., 2001; Thompson et al., 2018). 

Organoleptic Scoring System for Silage Quality 

The organoleptic evaluation of silage quality was conducted using a structured scoring system 

to assess aroma, color, texture, and fungal growth (Table 1). Each parameter was evaluated 

independently using a numerical scale ranging from 1 to 4, based on established silage quality 

assessment criteria by 2010 McDonald et al. (Filippi et al., 2018; Thompson et al., 2018). Higher scores 

indicated better silage quality. 

Aroma was evaluated based on the intensity and characteristics of fermentation odor, where 

scores reflected the transition from undesirable odors to typical lactic acid fermentation aromas. 

Color assessment focused on visual similarity to the original forage material and color changes 

resulting from fermentation. Texture was evaluated based on physical integrity and moisture 

condition of the silage material. Fungal growth was assessed visually by estimating the proportion 

of silage surface area affected by mold growth.All organoleptic observations were conducted after 

the completion of the fermentation period (21 days) to ensure consistency across treatments. 

 

Table 1.  Organoleptic scoring criteria for silage quality. 

Score 
Criteria 

Aroma Color Texture Fungal growth 

1.00–2.00 Less fresh odor or 

odor not 

characteristic of 

silage fermentation 

Pale green or color 

deviating from the 

natural forage 

color 

Coarse or 

excessively wet 

texture 

Extensive fungal 

growth (>5% of 

total silage mass) 

2.01–3.00 Fresh odor Green color close 

to the natural color 

of forage 

Moderately 

compact texture 

Moderate fungal 

growth (2–5% of 

total silage mass) 

3.01–4.00 Pleasant acidic 

aroma 

characteristic of 

high-quality silage 

Dark green to 

greenish-brown, 

indicating well-

preserved silage 

Fine, compact, 

non-clumped, and 

non-watery texture 

No visible fungal 

growth 

Silage pH Value 

Silage pH was measured using a digital pH meter to assess acidity as an indicator of 

fermentation success. The classification of silage quality based on pH values followed the criteria 

proposed by Macaulay (2004). 
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Data Analysis 

The collected data were statistically analyzed using analysis of variance (ANOVA) according 

to the Completely Randomized Design (CRD). When significant differences among treatments were 

detected, Duncan’s multiple range test was applied to determine differences between treatment 

means. 

 

RESULTS AND DISCUSSION 

 

Silage Aroma 

The results indicated that treatments S1 (EG + 40% Tofu By-product), S2 (EG + 30% Tofu + 10% 

Rice Bran), S3 (EG + 20% Tofu + 20% Rice Bran), and S4 (EG + 10% Tofu + 30% Rice Bran) had no 

significant effect (P>0.05) on the aroma of complete feed silage based on elephant grass 

supplemented with tofu by-product and rice bran. The aroma scores ranged from 3.10 to 3.16 across 

treatments (Figure 1.a). According to the established organoleptic scoring criteria, these values fall 

within the 3.01–4.00 category, indicating a pleasant acidic aroma characteristic of high-quality silage. 

The uniformity of aroma among treatments suggests that the fermentation process occurred 

effectively and remained relatively stable despite differences in the proportions of tofu by-product 

and rice bran. The dominant acidic aroma reflects the activity of lactic acid bacteria fermenting 

soluble carbohydrates into organic acids, primarily lactic acid, which suppresses the growth of 

spoilage microorganisms. 

These findings are consistent with Kung et al. (2018) and Oladosu et al. (2016), who reported 

that an acidic aroma is a key indicator of successful silage fermentation. Guo et al. (2023) and Zhang 

Q et al. (2021), also emphasized that anaerobic conditions during ensiling promote the dominance 

of lactic acid bacteria and the development of the desired silage aroma. Therefore, in terms of aroma, 

all silage formulations evaluated in this study met the criteria for good-quality silage. 

 

Fungal Growth 

In contrast to aroma, the treatments exerted a highly significant effect (P<0.01) on fungal 

growth in the silage. Fungal growth scores showed a decreasing trend with increasing proportions 

of rice bran and decreasing tofu by-product, with the highest score observed in EG + 40% Tofu By-

product (2.86) and the lowest in EG + 10% Tofu + 30% Rice Bran (2.40) (Figure 1.b). 

Based on the scoring criteria, all treatments remained within the 2.01–3.00 category, indicating 

moderate fungal growth (2–5%). However, treatment S4 (EG + 10% Tofu + 30% Rice Bran) exhibited 

the lowest intensity of fungal contamination. This finding suggests that formulations with higher 

proportions of rice bran create more stable fermentation conditions that are less conducive to fungal 

growth. 

Biologically, rice bran serves as a readily fermentable carbohydrate source that accelerates 

lactic acid production, resulting in a more rapid decline in silage pH and inhibition of fungal 

development. In contrast, tofu by-product has a relatively high moisture content; when used in 

larger amounts, it may increase substrate moisture and potentially promote fungal growth if 

anaerobic conditions are not fully maintained. 
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These results are consistent with Silalahi et al. (2023), who reported that fungal presence in 

silage is often associated with oxygen infiltration and high moisture levels. Sulistyo et al. (2020), also 

emphasized that good-quality silage should exhibit minimal fungal growth. Accordingly, treatment 

S4 (EG + 10% Tofu + 30% Rice Bran) can be considered the formulation that most closely meets the 

criteria for high-quality silage in terms of microbiological safety. 

 

Silage Texture 

The analysis showed that variations in the proportions of tofu by-product and rice bran did 

not significantly affect (P>0.05) silage texture. Texture scores ranged from 3.10 to 3.16 across all 

treatments (Figure 1.c). According to the scoring criteria, these values fall within the 3.01–4.00 

category, indicating a fine, compact texture that is non-clumped and non-watery. 

The relatively uniform and high-quality texture observed across treatments indicates that 

chopping, compaction, and fermentation processes were well managed in all silage formulations. A 

fine and compact texture suggests that the moisture content of the material remained within an 

optimal range that supported anaerobic fermentation without causing excessive effluent or slimy 

conditions. 

These findings are in line with Silalahi et al. (2023) and Suryaningsih (2022), who stated that 

good-quality silage is characterized by a compact, non-watery, and easily handled texture. Wang et 

al. (2016), further highlighted that silage texture is strongly influenced by the balance between 

moisture content and the availability of energy substrates for lactic acid bacteria. Thus, from a 

textural perspective, all treatments met the standards for good-quality silage. 

 

Silage Color 

The treatments had a significant effect (P<0.01) on silage color. Color scores increased 

progressively from EG + 40% Tofu By-product (2.33) to EG + 10% Tofu + 30% Rice Bran (3.00) (Figure 

1.d). According to the scoring criteria, treatments S1–S3 were classified within the 2.01–3.00 category, 

indicating a green color close to that of the original forage, whereas S4 (EG + 10% Tofu + 30% Rice 

Bran) reached the upper limit of this category and approached the 3.01–4.00 category, which 

represents dark green to greenish-brown coloration typical of well-preserved silage. 

Silage color that closely resembles the original forage indicates minimal degradation of plant 

pigments during fermentation. This suggests that formulations with higher proportions of rice bran 

support faster and more stable fermentation, thereby reducing color deterioration caused by 

undesirable microbial activity. 

These results are consistent with Rasuli et al. (2022), who reported that silage color similar to 

the original forage is an indicator of good physical quality. Aglazziyah et al. (2020) also noted that 

high-quality silage generally exhibits a bright green to greenish-brown color, depending on forage 

type and fermentation conditions. 

 

Silage pH Value 

The results showed that the treatments did not significantly affect (P>0.05) silage pH values, 

which ranged from 3.93 to 4.50 (Figure 1.e). Based on pH quality classification, treatments EG + 30% 
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Tofu + 10% Rice Bran (pH 4.20) and EG + 10% Tofu + 30% Rice Bran (pH 3.93) were categorized as 

very good, while EG + 40% Tofu By-product and EG + 20% Tofu + 20% Rice Bran (pH 4.50) were 

classified as good. 

This pH range indicates that fermentation was effective across all treatments, with lactic acid 

bacteria dominating the process and reducing pH to levels suitable for silage preservation. The lower 

pH observed in treatment S4 (EG + 10% Tofu + 30% Rice Bran) reflects more intensive fermentation, 

which aligns with the lower fungal growth recorded for this treatment. 

These findings are in agreement with Aglazziyah et al. (2020), who stated that very good-

quality silage typically has a pH range of 3.2–4.2. Seftiana et al. (2023) also emphasized that the 

interaction between moisture content and microbial activity plays a critical role in determining pH 

dynamics during fermentation. Therefore, in terms of pH, all treatments produced acceptable silage, 

with the best overall performance observed in formulation S4 (EG + 10% Tofu + 30% Rice Bran). 

 

  
(a) Aroma score (b) Fungal growth score 

  
(c) Texture score (d) Color score 

 
(e) pH value 

Figure 1.  Organoleptic characteristics and pH value of elephant grass–based complete feed 

silage formulated with different proportions of tofu by-product and rice bran. 
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Implications for Integrated Ruminant Feeding Systems 

Overall, the results of this study demonstrate that integrating elephant grass with tofu by-

product and rice bran in the form of complete feed silage can produce silage with good physical 

quality and favorable fermentation characteristics. Treatment S4 (EG + 10% Tofu + 30% Rice Bran) 

consistently exhibited the best performance across most parameters, particularly in reducing fungal 

growth, maintaining silage color, and achieving an optimal pH. 

These findings reinforce the concept of integrated ruminant feeding systems, in which the 

utilization of agro-industrial by-products not only enhances resource-use efficiency and agricultural 

sustainability but also produces stable, safe, and high-quality ruminant feed. Consequently, this 

study provides a strong scientific basis for the development of integrated ruminant feeding 

strategies aligned with the principles of sustainable agriculture and circular economy. 

 

CONCLUSION 

 

This study demonstrates that the integration of elephant grass with agro-industrial by-

products, specifically tofu by-product and rice bran, in the form of complete feed silage can 

effectively enhance the physical quality and fermentation stability of ruminant feed within an 

integrated agricultural system. Across all treatments, the silage produced exhibited favorable 

organoleptic characteristics and acceptable pH values, indicating that the ensiling process was 

technically successful and biologically stable. 

Among the evaluated formulations, the silage containing a higher proportion of rice bran and 

a lower proportion of tofu by-product consistently showed superior performance, particularly in 

reducing fungal growth, maintaining desirable silage color, and achieving a lower and more stable 

pH. These findings highlight the critical role of readily fermentable carbohydrate sources in 

accelerating lactic acid fermentation and improving silage preservation, especially when high-

moisture agro-industrial by-products are incorporated into the feed system. 

From a broader perspective, the results provide empirical evidence supporting the 

development of integrated ruminant feeding systems that valorize agro-industrial by-products as 

alternative feed resources. Such systems contribute not only to improved feed security and livestock 

productivity but also to the reduction of agro-industrial waste and environmental burdens. This 

aligns closely with global priorities related to sustainable agriculture, circular economy, and climate-

resilient food systems. 

In terms of policy relevance, the findings suggest that promoting on-farm silage technologies 

and encouraging the utilization of locally available agro-industrial by-products can serve as practical 

strategies to strengthen smallholder and commercial livestock systems, particularly in tropical 

regions facing seasonal feed shortages. Therefore, this study provides a scientific basis for 

policymakers, extension services, and development programs to integrate feed preservation and by-

product utilization into sustainable livestock development frameworks. 

Future research should focus on evaluating animal performance, nutrient digestibility, and 

economic feasibility to further validate the scalability and long-term benefits of this integrated 

feeding approach under diverse production conditions. 
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