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ABSTRACT:
Aims: The study evaluated the quality of Napier silage using different additives by assessing its physico-chemical characteristics such as dry matter content, color, odor, aroma, texture, pH level, temperature, and mold presence.
Study design: Completely Randomized Design
Place and Duration of Study: The experiment was conducted at the Farm Barn House of the Central Bicol State University of Agriculture from March 2 to April 14, 2024
Methodology: Fresh Napier grass was harvested at 90 days of growth from the small ruminant pasture area of the Department of Animal Science, CBSUA, San Jose, Pili, Camarines Sur. The grass was cut at ground level, chopped into 2–3 cm pieces, and air-dried to achieve approximately 65% moisture. Once the desired moisture content was reached (650 g from 1 kg fresh sample), 57 kg of Napier grass per treatment was prepared for ensiling. Additives—molasses, muscovado, sangkaka (jaggery), and bagasse—were incorporated at 10% of the silage weight (5.7 kg), and the silage was fermented for 35 days. After fermentation, it was opened and evaluated based on the identified quality parameters.
Results: The results showed significant differences (p<0.05) in the color of Napier silage and highly significant differences (p<0.01) in aroma among treatments. However, no significant difference was observed in texture and mold coverage (p>0.05). Other physico-chemical characteristics such as temperature and pH level differed significantly (p<0.01), with Treatments 1 (control) and 2 showing notable variation from the others. Meanwhile, dry matter content showed no significant difference across treatments.
Conclusion: The results indicated that additives influenced the color, aroma, temperature, and pH of Napier silage but had no significant effect on texture, mold coverage, and dry matter content. This suggested that the additives improved fermentation and sensory quality without altering the silage’s physical properties.
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1. INTRODUCTION

Silage, a crucial component of modern livestock nutrition, plays a pivotal role in ensuring year-round availability of high-quality forage for livestock. It can be defined as feed or rotation made from crops or farm by-products which are harvested or gathered and placed in a compartment called silo (Competente and Perfecto, 2024). Among the key ingredients in silage production is molasses, a commonly used sugar additive known to enhance both fermentation and feeding quality. The addition of molasses stimulates microbial activity during fermentation, facilitating natural preservation of the silage. It also increases lactic acid production, lowers ammonia-N and silage pH, and improves dry matter digestibility (DMD) and intake, while serving as a rich source of natural sugars and energy (Yunus et al., 2000).




Sugarcane by-products offer a sustainable and abundant source of additives for silage production. These include materials from harvesting, such as tops and leaves, and from processing, such as bagasse, molasses, and filter mud. Such by-products provide valuable feed alternatives that enhance livestock nutrition (da Costa et al., 2015). Silage is vital for preserving the nutrients of fresh forage, providing livestock with a reliable source of energy, protein, and minerals. However, its quality is affected by weather, forage type, and ensiling methods. To address these challenges, this study aims to explore and implement innovative preservation methods that can enhance the overall quality and nutritional value of silage.




2. MATERIAL AND METHODS
2.1  Experimental Grass
The Napier grass used was four months old, 3 meters tall, and was harvested at the pasture area of the Department of Animal Science, Central Bicol State University of Agriculture (CBSUA), San Jose, Pili, Camarines Sur, Philippines.
2.2  Experimental Design and Treatments
The study was laid out in a Completely Randomized Design (CRD). It was composed of four (4) treatments and three (3) replicates. Napier grass, approximately three meters tall and four months old, was used for silage production. The treatments of the study were as follows:
Treatment 1- Control (napier ensiled with10% molasses)
Treatment 2- napier ensiled with 10% muscovado
Treatment 3- napier ensiled with 10% sangkaka
Treatment 4- napier ensiled with 10% bagasse
2.3  Harvesting of Napier Grass
Fresh Napier grass was harvested at ninety (90) days old from the day of planting. When harvesting, the fodder should be removed along the ground level, and it was harvested from the small ruminant pasture area, Department of Animal Science, CBSUA, San Jose, Pili, Camarines Sur, through cut and carry.
2.4  Chopping of Napier Grass
The Napier grass was chopped 2-3 cm long using bolo (Abegunde et.al., 2017). To achieve 65% moisture, the chopped grasses were spread evenly subject for air drying. The researchers separated one (1) kilogram of freshly chopped grasses and weighed them periodically, and when the grasses reached 650 grams, it was ready for ensiling.
2.5  Preparation of Additives
To determine the amount of additives to be added, a digital weighing scale was used to weigh the Napier silage at 57 kgs. per treatment. Based on their respective design for the treatments, 5.7 kgs. of molasses, muscovado, sangkaka (jaggery), and bagasse (sugarcane pulp) each, accounted for 10% of the weight of the Napier silage.

2.6  Preparation of Napier Silage
A digital weighing scale was used to weigh the chopped Napier grass, which was 2-3 cm long and 65% damp, up to 57 kg for each treatment. According to the study's procedure, the chopped Napier grass was combined with the appropriate chemicals. The plastic container that serves as an improvised silo holds the Napier grass that has been treated with various compounds (Figure 1). To preserve anaerobic conditions, the silage was well combined with the additives, compacted, and packed airtight with rubber ties. The silage was kept at room temperature in a sealed plastic barrel with the appropriate label. The fermentation procedure for the silage lasted for 35 days. After fermentation days, the silage was opened, and the objectives of the study were determined respectively.
2.7   Determination of Temperature & pH Temperature
The silage was stored at room temperature in sealed, properly labeled plastic barrels at the CBSUA Farm Barn House. It was allowed to ferment for thirty-five (35) days to complete the fermentation process. After this period, each barrel was opened individually for evaluation. The temperature of each silage sample was measured using a thermometer, with readings taken three times from the side, middle, and core portions of the drum. The average temperature was then computed, and the data for each treatment was recorded.
2.8  pH
The pH of the silage was also measured when the temperature was established. For the test, 30 g of each silage were gathered. The water-to-sample ratio and extraction techniques were measured using the pH meter, then combined with 120 mL of distilled water (30:120) in a blender. By carrying out the process three times, the average pH was determined and recorded.
2.9  Dry Matter Content
A portion of the silage weighing 50 grams was oven dried at 100 C for 12 hrs until constant weight was determined and repeated the process three times. Data gathered was computed and recorded
DM  =   Oven dry weight	x 100 
Fresh weight
2.10 Physical Attributes
Each treatment was collected and prepared with samples for sensory evaluation. Forty (40) students were selected to determine the physical attributes of the silage through observation, color, aroma, texture and mold coverage. Each student was given an individual score sheet wherein they gave their respective scores using the 5.0 Hedonic Scale for silage (Olorunnisomo and Ososanya, 2015). 

2.11 Data Gathered and Analysis

All of the data for study were arranged, totaled, and statistically analyzed using Analysis of Variance (ANOVA) in a Completely Randomized Design (CRD). Any significance was compared using Tukey's Honest Significant Differences Test (HSD). Further analysis was conducted using Simple Linear Regression to identify the correlation of each parameter included in the study.

2.12 Observation

The silage was evaluated through visual assessment of its overall appearance, using a descriptive scale with ratings of very bad, bad, going bad, moderate, good, and excellent.
 
2.13 Color

The color was assessed by using visual observation with the aid of color charts by looking at the overall darkness and lightness of the silage.

2.14 Aroma

The aroma of the silage was assessed from very offensive to very pleasant smell.

2.15 Texture

The texture of the silage was assessed by the sense of touch with varying degrees of moistness. It was determined if it is slimy, very soft, soft, moderately firm and very firm.

2.16 Mold Coverage

This was determined right after opening the silo, by assessing if the silage has a very moldy, highly moldy, medium, scattered mold spot or no mold.

2.17 Dry Matter

A portion of the silage was oven-dried at 100°C for 12 hours until a constant weight was obtained, and the procedure was repeated three times. The data collected were then computed and recorded. 
3. RESULTS AND DISCUSSION

Table 1. Physico -chemical characteristics of Napier Silage under different additives.
	Treatments

	Parameters
	10%
molasses
	10%
muscovado
	10%
sangkaka (jaggery)
	10%
Bagasee (Sugar cane
pulp)

	Temperature**
	29.33a
	29.67a
	28.50b
	28.67b

	pH Level**
	3.45b
	3.38a
	3.46b
	3.86b

	Dry Matter*
	33.33
	35.33
	31.33
	36.00

	Color**
	3.17b
	3.62b
	3.77b
	4.67a

	Aroma**
	3.73a
	3.75a
	3.15ab
	2.40b

	Texture*
	3.20
	3.20
	3.50
	3.45

	Mold coverage**
	3.92a
	4.08a
	3.59ab
	3.08b

	Observation*
	3.75
	3.50
	3.30
	2.85



       Legend: ns – not significant, * - significant, ** - highly significant Means with the same letter are not 
      significantly different.

3.1  Physico-chemical characteristics of Napier Silage with different additives

3.1.1 Temperature

As shown in Table 1, it shows the temperature of napier silage, the highest temperature was in 10% muscovado with 29.67°C and lowest in 10% sangkaka with 28.50°C. Analysis of variance shows significant difference (p<0.01) among treatment means The addition of different additives did influence the temperature of napier silage. Further tests using Tukey’s HSD revealed that silage with 10% molasses and 10% muscovado are significantly different to 10% sangkaka and 10% bagasse. However, silage with 10% molasses and 10% muscovado were similar, meanwhile the 10% sangkaka and 10% bagasse were the same. Compared to the study of Setapar et al. (2012) the temperature of grass silage was 21°C, lower than the result of this study 28.50 - 29.67°C, maybe because of the differences in the span of fermentation period of the silage. In addition, the result of Falola et al., (2013) in the temperature of vetiver silage without added cassava peel shows almost similar value (28°C).

3.1.2 pH Level

The pH values of the treatments ranged from 3.38 to 3.86 (Table 1). Silage with 10% muscovado had the lowest pH (3.38), followed by 10% molasses (3.45), 10% sangkaka (3.46), and 10% bagasse, which had the highest pH (3.86). The result of the analysis revealed a highly significant difference (p<0.01) in pH. Tukey’s HSD test showed that silage with 10% muscovado differed significantly from all other treatments, while 10% molasses, 10% sangkaka, and 10% bagasse were statistically similar. According to Binuomote et al. (2021), ensiling under anaerobic conditions promotes lactic acid formation, lowering pH and preventing spoilage. Muscovado produced more lactic acid, resulting in a lower pH and better preservation. Low pH indicates improved silage stability during storage and feeding (McDonald et al., 1991; Yang et al., 2004). The Philippine National Standard (BAFS, 2014) sets the ideal pH for silage between 3.5 and 4.7. Based on this, only silage with 10% bagasse (3.86) met the acceptable range. As Liu et al. (2002) noted, silage with a pH below 4.0 is considered excellent, while values above 5.0 indicate poor quality.

3.1.3 Dry Matter

After 35 days of fermentation, silage with 10% bagasse had the highest dry matter (DM) content (35.33%), followed by 10% muscovado (33.33%), 10% molasses, and 10% sangkaka (31.33%). However, analysis of variance showed no significant differences among treatments, indicating similar fermentation results (Table 1). Maeda et al. (2014) reported that high DM losses in unchopped silage are often due to poor fermentation from aerobic deterioration, consistent with McDonald et al. (1991), who noted that oxidation of soluble sugars by heterolactic bacteria leads to DM loss through carbon dioxide production. Adequate DM helps prevent undesirable microorganisms like Clostridium (Chen et al., 2021), and the ideal DM range of 30–35% (Baron et al., 2018) aligns with this study’s results. The slightly higher DM in molasses-treated silage may be due to improved fermentation and lactic acid bacteria activity (Aung et al., 2018; Harrison & Blauwiekel, 1994), supporting findings by Man and Wiktorsson (2002) that molasses enhances DM content in cassava leaf silage.

3.1.4 Color

The results of color of napier silage with different additives were presented in Table 1. Silage with 10% bagasse had the highest result of 4.67, followed by 10% Sangkaka, 10% muscovado and 10% molasses with a score of 3.77, 3.62 and 3.17, respectively.The result of the color of the four treatments were significant with a p-value of > 0.05. The mean scores for color were higher than those reported by Ignao (2021) and Riñon (2016), likely due to differences in additives and forage materials used. According to Lui et al. (2002), good silage retains the plant’s original color, which is influenced by lower ensiling temperatures. Danso and Nartey (2018) found that napier grass silage treated with molasses turns light brown, an indicator of good preservation, similar to the findings of Kaiser and Weiss (1997). Likewise, the current study observed that most napier silage samples turned brown after fermentation, signifying good-quality silage.

3.1.5 Aroma

Table 1 shows the result of the aroma of napier silage with different additives. The result showed that 10% muscovado had the highest value of 3.75 followed by 10% molasses, 10% Sangkaka and 10% bagasse with a score of 3.73, 3.15 and 2.40, respectively. The result of the aroma of the four treatments was highly significant with a p-value of <0.05. Further tests using Tukey’s HSD were used and the result showed that T1 (10% molasses), T2 (muscovado), and T3 (sangkaka) are highly significant compared to T4 (10%bagasse). However, T1, T2 and T3 are not significant in a p-value of 0.01. According to the PNS/BAFS (2014) the recommendation when it comes to silage is pleasant pickle aroma with no indication of putrefaction. The aroma / smell obtained from napier silage after the fermentation process of 30, 60 and 90 days presented an ethanol-like smell which would enhance fodder acceptability of livestock when fed with it (Danso and Nartey (2018). According to Grant et al. (2018), well-fermented silage should have no strong odor since lactic acid, the main fermentation product, is almost odorless. Most silages have a mild vinegar smell from acetic acid, but too much of it can cause a burning sensation in the eyes and nose. Fruity or sweet smells, often thought to indicate good fermentation, result from high alcohol levels produced by yeasts and bacteria, showing poor fermentation quality.

3.1.6 Texture

As shown in Table 1, the texture of Napier silage treated with different additives showed no significant difference (ns), with scores ranging from 3.20 to 3.50. Treatment with 10% sangkaka showed the highest mean score of 3.50 followed by 10% bagasse (3.45) and 10% muscovado and 10% molasses with the same mean score of 3.20. This indicates that all treatments produced silage with moderately firm and acceptable texture regardless of the additive used. The similar texture among treatments implies that the type of carbohydrate source molasses, muscovado, sangkaka, or bagasse, had minimal influence on the physical consistency of the silage after fermentation. According to McDonald et al. (2002), silage texture is mainly affected by the moisture content and compaction level during ensiling rather than the type of additive. Likewise, Sánchez et al. (2017) reported that the texture of Napier or grass silages remains relatively uniform when ensiled under similar conditions, even with varying sugar-based additives. Ignao (2021) and Riñon (2016) also observed comparable findings in their studies, noting that while additives influenced sensory traits like color and aroma, they did not significantly alter silage texture.
3.1.7 Mold Coverage

Table 1 shows the result of the mold coverage of napier silage with different additives. The means of treatment range from 3.08 to 4.08. The result showed that 10% muscovado had the highest value of 4.08 followed by 10% molasses, 10% sangkaka and 10% bagasse with 3.92, 3.59 and 3.08, respectively. Analysis of variance for the mold coverage revealed that four treatments showed highly significant in p<0.01. Further tests using Tukey’s HSD revealed no significant differences among treatments 1 (10% molasses) and treatment 2 (10% muscovado) but significantly different from treatment 4 (10% bagasse. However, treatment 3 (10% sangkaka) showed no significant differences from T1, T2 and T4. According to Eslabra et al. (2022), silage treated with molasses showed no mold formation, while treatments with probiotics developed mold colonies due to micro-aerobic and acidic conditions (as also noted by Storm et al., 2008). Similarly, Libardo (2019) reported that molds can develop during fermentation, though the presence of molasses reduces their abundance. Ignao (2021) also found that mold growth in hybrid corn silage varied depending on additive type and concentration. Additionally, Seglar (2013) explained that mold growth usually occurs when pH exceeds 4.5, often reducing silage palatability and nutrient value. Nurjanah et al. (2022) added that poor compaction or silo leakage can lead to fungal contamination, whereas proper anaerobic conditions and low pH help prevent mold growth and maintain silage quality.


     3.2 Observation

As shown in Table 1, the overall quality scores of Napier silage with different additives ranged from 2.85 to 3.75. The 10% molasses treatment obtained the highest mean score of 3.75, classified as moderate-quality silage. This was followed by 10% muscovado (3.50) and 10% sangkaka (3.30), both considered low-quality silage. Meanwhile, silage treated with 10% bagasse recorded the lowest mean score of 2.85, classified as poor-quality silage. Analysis of variance revealed a significant difference (p < 0.05) among the treatments, indicating that the type of additive used had a substantial effect on the overall quality of the silage. The variation in quality may be attributed to differences in mold development, which can adversely affect fermentation and silage characteristics.


4. CONCLUSION

Based on the result of the study it can be concluded that:
1. Temperature and pH were found significant (p<0.01), using Tukey’s HSD revealed that 10% molasses and 
10% muscovado are significantly different to 10% sangkaka and 10% bagasse.
2. The dry matter of Elephant Napier Silage was not significantly affected by the different additives that were 
added.
3. Significant (p<0.05) results were noted in color and aroma. However, texture and mold coverage were not 
significant (p>0.05).
4. The result of the color of the four treatments was significant with p-value of >0.05. The result of the aroma of four treatments were highly significant with a p-value of <0.05. The mold coverage revealed that four treatments showed highly 
      significant in p<0.01.


5. RECOMMENDATIONS

Based on the findings of the study, the researcher recommends the following:

1. Incorporate proximate and fermentative analyses, including crude protein, neutral detergent fiber (NDF), acid detergent fiber (ADF), and lactic acid concentration, to obtain a more comprehensive assessment of the nutritional and fermentative quality of the silage.
2. Conduct further study employing varying inclusion rates of molasses and muscovado to determine their optimal levels for enhancing the fermentative efficiency and physico-chemical properties of Elephant Napier silage.
3. Extend the fermentation duration to comprehensively assess its effects on microbial activity, fermentation kinetics, nutrient preservation, and overall storage stability of Elephant Napier silage.
4. Further study should be conducted to evaluate the potential of alternative natural carbohydrate sources as silage additives in improving fermentative characteristics, nutrient conservation, and overall ensiling efficiency of Elephant Napier grass.
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