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ABSTRACT: High protein content in silage feed often triggered excessive proteolysis caused by proteases 

derived from both plants and spoilage bacteria, which reduced the nutritional quality for ruminants. 

Temulawak (Curcuma xanthorrhiza) is an herbal plant with antibacterial and antioxidant properties, which 

have been reported to reduce proteolysis in previous studies. This study aimed to evaluate the effects of 

temulawak powder (TP) as an anti-proteolysis additive in the fermentation of total mixed ration-based okara 

silage (TMRO-silage) and its impact on silage characteristics. Additionally, the study examined the effects of 

drying temperature on temulawak extract optimization. Temulawak was dried at 50, 65, and 80°C, followed 

by the measurement of phenol, flavonoid, and ferric reducing antioxidant power (FRAP) content. The TMRO-

silage was composed of commercial feed and okaras (1:1 w/w), supplemented with 0-1% temulawak in 

increments of 0.25% (5 treatments and 4 replications). Fermentation lasted for 14 days. Proximate and in 

vitro analyses (control vs. temulawak treatments) were conducted to assess silage quality. Drying temulawak 

at 65°C significantly (P < 0.01) increased phenol (16.9 µg quercetin equivalent, QE), flavonoid (23.3 µg QE), 

and FRAP (30.1 µg QE) content per dry weight. Temulawak supplementation significantly reduced ammonia 

levels and increased the crude protein content of TMRO-silage (P < 0.01). Moreover, it decreased ammonia 

concentration in the rumen (P < 0.01), improved dry matter and organic matter digestibility (P < 0.05), and 

notably reduced methane production per total gas volume (P < 0.05). In conclusion, temulawak effectively 

preserves the quality of complete feed silage, enhances rumen metabolism, and mitigates methane 

emissions. 

Keywords: Antibacterial activity, Antioxidant properties, Fermentation, Proteolysis, Silage quality. 
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INTRODUCTION   
 

Ensuring high-quality feed for ruminants, particularly beef cattle, requires a high-protein intake, commonly achieved 

through high-protein silage. This need becomes even more critical when the silage has a high digestibility rate (Li et al., 

2021). High-protein silage, such as alfalfa or leguminous plants, serves as a key commodity. Similarly, tofu byproducts 

still contain a significant amount of protein. Tofu byproduct, or okara, is a soybean-processing residue rich in protein (9.9-

32.8%), fat (6.2-22%), crude fiber (4.1-23.4%), and essential minerals such as calcium, iron, and copper (Kamble and 

Rani, 2020; Ginting et al., 2024). However, its high moisture content (74-80.3%) makes it highly susceptible to microbial 

spoilage, which can degrade its nutritional quality and cause an unpleasant odor (Kamble and Rani, 2020). Fermenting 

okara with microorganisms such as Bacillus subtilis, Saccharomyces cerevisiae, Lactobacillus plantarum, and 

Lactobacillus rhamnosus enhances its nutritional profile. This process increases the concentration of small peptides (from 

7.35% to 39.58%), enriches its amino acid and organic acid content, and improves digestibility (Suwarsito and 

Purbomartono, 2018; Kamble and Rani, 2020; Heng et al., 2022). As a result, fermented okara becomes a more stable 

and nutrient-dense alternative protein source for animal feed, and potentially for functional food applications. However, 

the absence of a controlled ensiling system presents several challenges, particularly the risk of excessive proteolysis 

(Hadidi et al., 2023). Therefore, supplementation with temulawak, an herbal additive containing bioactive compounds, 

became necessary to inhibit proteolysis. Reports also indicated its potential to improve ruminant production parameters 

(Adli et al., 2024; Sujarnoko et al., 2020). 

Proteolysis occurs when proteins in the silage break down into non-protein nitrogen compounds, reducing the silage’s 

nutritional value (Jayanegara et al., 2019; Okoye et al., 2023). This process is often exacerbated by plant protease activity 
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and spoilage microorganisms, including Clostridium sp., Enterobacteria, Pseudomonas, molds (Aspergillus sp. and 

Fusarium sp.), and yeasts (Candida sp. and Saccharomyces sp.) (Ahangari et al., 2021; He et al., 2024; Snyder et al., 

2024). These microorganisms not only degrade high-protein silage quality but also produce mycotoxins, such as those 

from Aspergillus sp. and Fusarium sp., which are toxic (Ekwomadu et al., 2021; Navale et al., 2021). Therefore, 

incorporating additives, such as Curcuma xanthorrhiza (temulawak), has become a primary strategy to mitigate these 

issues. 

Curcuma xanthorrhiza has the potential to reduce protein degradation by inhibiting the growth of spoilage 

microorganisms (Yogiara et al., 2020; Septama et al., 2022; Nurcholis et al., 2024). It acts as an antimicrobial agent that 

suppresses pathogenic bacteria like Clostridium sp., Enterobacteria, and Pseudomonas, as well as mycotoxin-producing 

fungi such as Aspergillus sp. and Fusarium sp. Consequently, the conversion of protein into non-protein nitrogen and 

ammonia decreases. Additionally, temulawak contains curcuminoids and xanthorrhizol, which can reduce protease 

activity from both plants and spoilage microbes, thereby minimizing protein degradation (Seseogullari-Dİrihan et al., 

2018; Al-Amin et al., 2024). Furthermore, yeast and C. xanthorrhiza supplementation in goats fed a high-PUFA diet 

reduced methane production and rumen protozoa populations while improving nutrient metabolism efficiency in vitro 

(Sulistyowati, 2014). 

This study hypothesizes that the secondary metabolites of temulawak can inhibit proteolysis during the fermentation 

of total mixed ration-based okara silage (TMRO-silage) containing tofu by-products by reducing the protease activity of 

plants and spoilage microorganisms. This study introduces a novel application of temulawak as a natural additive in 

complete feed silage, which has not been widely explored in previous research. It not only acts as an antimicrobial agent 

to suppress the growth of spoilage bacteria and mycotoxin-producing molds but also serves as an anti-proteolytic agent 

that helps preserve protein content in the silage. This study aims to evaluate temulawak’s effectiveness in reducing 

proteolysis during the fermentation of tofu by-product-based TMRO-silage, optimize its drying method to enhance 

bioactive metabolite content, and analyze its impact on silage quality, feed digestibility, and methane gas production in 

the rumen. 

 

MATERIALS AND METHODS 

 

Preparation temulawak powder  

Fresh temulawak (C. xanthorrhiza) was harvested from Dramaga District, Bogor (6.5829°S, 106.7338°E) following a 

three-month cultivation period, consistent with local agronomic practices. The rhizomes were sliced into 3 mm-thick 

pieces and dried in an oven at 50°C, 65°C, and 80°C until they reached a stable weight. The dried temulawak was then 

ground and passed through a 40-mesh sieve. The resulting powder was extracted using an ultrasonic Branson 1510 with 

an oscillation frequency of 40 kHz in an aqueous-acetone solution (70:30 v/v). The extract was then analyzed for total 

phenolic content, flavonoid content, and antioxidant activity using the ferric reducing antioxidant power (FRAP) method. 

 

Determination of total phenolic, total flavonoid, and FRAP 

Total phenolic content (TPC) was determined using the Folin-Ciocalteu method, following Makkar’s protocol (Makkar, 

2003). First, 10 µL of 10% Folin-Ciocalteu reagent was added to the sample and incubated for 5 minutes. Then, 20 µL of 

7.5% Na₂CO₃ was introduced into the mixture, which was subsequently incubated in a dark room for 30 minutes. The 

absorbance of the resulting solution was measured at a wavelength of 750 nm using a nano-spectrophotometer 

(SPECTROstar Nano, BMG LABTECH). Gallic acid was used to construct a standard curve for determining the TPC of 

temulawak powder, expressed as mg gallic acid equivalent (GAE) per gram of dry weight (DW). The standard curve was 

prepared using seven concentration levels: 0, 50, 100, 150, 200, 250, and 300 ppm. The TPC was calculated using the 

equation y = 0.006x + 0.198, where y represents the absorbance value and x denotes the gallic acid concentration. 

The total flavonoid content (TFC) was determined using AlCl₃ colorimetric method, following the protocol described by 

Chang (Chang et al. 2002). First, 250 µL of the sample extract was mixed with 75 µL of 5% NaNO₂ and incubated for 5 

minutes. Then, 150 µL of 10% AlCl₃ was added, followed by additional 5-minute incubation. Afterward, 500 µL of 1 M 

NaOH was introduced into the mixture, and the final volume was adjusted to 2 mL with distilled water. The absorbance of 

the solution was measured at 510 nm using a nano-spectrophotometer (SPECTROstar Nano, BMG LABTECH). Quercetin 

was used to generate the standard curve, and TFC was expressed as mg quercetin equivalent (QE) per gram of dry weight 

(DW). The standard curve was prepared with quercetin concentrations of 0, 20, 40, 60, 80, and 100 ppm. The TFC was 

calculated using the equation y = 0.005x + 0.102, where y represents the absorbance value, and x denotes the quercetin 

concentration. The antioxidant capacity of temulawak powder was determined using the Ferric Reducing Antioxidant 

Power (FRAP) assay, following Benzie and Strain (1996). The FRAP reagent was freshly prepared by mixing 300 mM 

acetate buffer (pH 3.6), 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) solution in 40 mM HCl, and 20 mM FeCl₃·6H₂O solution in 

a 10:1:1 ratio. Then, 100 µL of the sample extract was mixed with 900 µL of the FRAP reagent and incubated at 37°C for 

30 minutes. The absorbance of the resulting solution was measured at 593 nm using a nano-spectrophotometer 
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(SPECTROstar Nano, BMG LABTECH). A standard curve was prepared using FeSO₄·7H₂O at concentrations of 0, 200, 400, 

600, 800, and 1000 µM. The FRAP value was expressed as mg Trolox equivalent (TE) per gram of DW and calculated 

using the equation y = 0.004x + 0.123, where y represents the absorbance value, and x denotes the Fe²⁺ concentration. 

 

Preparation of fermented okaras for complete feed 

preservation 

 This study examined the effect of temulawak powder 

dosage (0%, 0.25%, 0.5%, 0.75%, and 1% DM) on complete 

feed supplemented with fermented okaras, using a fresh 

okara-to-complete feed ratio of 1:1. The fermentation 

process lasted 14 days. Fresh okaras were sourced from a 

home-based tofu industry in Dramaga District, Bogor. The 

complete feed was a commercial product from Agro Apis 

Palacio Company in Bubulak. The feed ingredients were 

formulated and analyzed for proximate composition at the 

Feed Science and Technology Laboratory, Faculty of Animal 

Science, IPB University. Proximate components were 

analyzed following AOAC (2023) methods, including dry 

matter (934.01), crude protein (990.03), crude fiber 

(962.09), crude fat (920.39), and ash (942.05); nitrogen-

free extract was calculated by difference. Table 1 presents 

the composition and nutritional content. 

 

In vitro model of Theodorou (1994) and gas production assessment 

The fermented okara and complete feed included a control group without temulawak powder (TMRO-0) and with 

treatment groups supplemented with 0.25% to 1% temulawak powder (TMRO-0.25, TMRO-0.5, TMRO-0.75, TMRO-1), 

were oven-dried at 60°C for 24 hours. The samples were then incubated in vitro with a rumen fluid and buffer mixture 

following the Theodorou method (Theodorou et al. 1994). Rumen inoculum from beef cattle was collected at a 

government-operated slaughterhouse in Bogor, West Java. The facility complied with animal welfare standards 

established by the National Research and Innovation Agency (BRIN). A 500 mg sample was placed into a 125 ml serum 

bottle, followed by the addition of 15 ml of rumen fluid and 60 ml of buffer mixture. The treatment allocations followed a 

randomized complete design. Incubation was conducted in four replicates, with four bottles per replicate.  

Immediately after sample preparation, the serum bottles were sealed with butyl rubber stoppers and aluminum 

crimp seals. The incubation process lasted for 24 hours at 39°C, with gas production recorded throughout. After 

incubation, the supernatant was collected to measure total volatile fatty acids (VFA) and ammonia concentration, 

following the Jayanegara method (Jayanegara et al., 2016). The remaining residue was weighed to determine in vitro dry 

matter digestibility (IVDMD) and in vitro organic matter digestibility (IVOMD). 

 
Data analysis 

The assessment of drying temperature on the chemical characteristics of temulawak extract followed a completely 

randomized design (CRD) with different treatments. In the drying experiment, the effect on flavonoid content, phenol 

levels, and ferric reducing antioxidant power (FRAP) was evaluated. Temulawak was dried at three different 

temperatures: 50°C (T50), 65°C (T65), and 80°C (T80), with each treatment replicated four times. The average drying 

time was then presented graphically. In the silage experiment, the addition of temulawak powder followed a CRD. The 

treatments consisted of temulawak powder at 0% (TP0), 0.25% (TP0.25), 0.5% (TP0.5), 0.75% (TP0.75), and 1% (TP1) of 

the total TMRO-silage weight. If the ANOVA results were significant (p < 0.05), further analysis was conducted using 

Duncan’s multiple range test. A graphical illustration was employed to observe the dynamic changes in ammonia 

production in TMRO-silage following temulawak powder addition. In the in vitro experiment, the treatments included a 

control diet consisting of complete feed and okaras (TP0) and a diet supplemented with 1% DM temulawak (TP1). Each 

treatment was replicated four times. Data analysis was conducted using an independent t-test in SPSS 16 to compare the 

means between the two groups. The t-test statistic (t) was calculated using the formula where X ̄1 and X̄2 represent the 

mean values of groups TP0 and TP1, respectively; s1
2 and s2

2 denote their variances; n1 and n2 indicate the sample sizes 

of each group. A significance level (α) of 0.05 was used to determine statistical differences between the treatments. Gas 

production was fitted to the following non-linear regression model:  Vt = (a + b) × (1 - e-ct), 

where Vt represents the volume of gas production (ml) at time t, t is the incubation period (h), a + b denotes the gas 

production potential, e is the base of the natural logarithm, and c is the gas production rate constant. The model’s fit was 

assessed using the coefficient of determination (R²) and mean square error (MSE), both of which were reported to 

validate the regression accuracy.  

Table 1 - Feed composition and nutritional content 

Ingredient Level (% DM) 

Okara 12 

Palm kernel meal 25 

Casava dreg 17 

Coffee husk 22 

Copra meal 10 

Pollard 8 

Molasses 5 

Urea 1 

Nutrition content (%)  

Dry matter 56.5 

Crude protein 16.9 

Crude fiber 18.5 

Non-nitrogen extract 52.3 

Crude fat 5.28 

Ash 7.04 
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RESULTS AND DISCUSSION 
 

Impact of thermal drying conditions on bioactive compound stability in temulawak 

Drying is one of the most common methods for preserving herbal materials (Calín-Sánchez et al., 2020). Using an 

oven at a specific temperature influences the drying rate (Torki-Harchegani et al., 2016). Additionally, oven temperature 

affects the quality of the active compounds produced (Abd Ghani et al., 2023). Optimizing drying temperature is essential 

to maintaining the quality of bioactive compounds in temulawak. Temulawak is an herbal plant with antibacterial and 

antioxidant properties and can influence rumen metabolism (Rosidi et al., 2016; Sujarnoko et al., 2023). The effect of 

temperature on drying speed is shown in Figure 1. Drying at 50°C takes approximately 25 hours to reach a stable dry 

weight. At 65°C, the material reaches a stable dry weight in 9 hours, while at 80°C, it achieves equilibrium after 7 hours 

of drying (Figure 1). 

Oven temperature significantly influenced (P<0.01) total flavonoid content, with the highest levels observed at 65°C, 

followed by 50 and 80°C (Table 2). The lower flavonoid content at 80℃ resulted from excessive heat exposure, which 

degraded a significant portion of the flavonoids. High temperatures caused structural damage to the functional groups of 

flavonoids (Zhang et al., 2023). For instance, rutin, naringin, and luteolin degrade at 130°C after two hours, while high 

temperatures also inhibit anthocyanin biosynthesis (Chaaban et al., 2017; Yang et al., 2024). Drying at 50°C preserved 

more flavonoid content than at 80°C because lower temperatures minimized functional group degradation (Sharma et 

al., 2015; Červenka et al., 2018). However, drying at 65°C resulted in significantly higher flavonoid content than at 50℃, 

likely due to prolonged heat exposure enhancing flavonoid release.  

Phenols are among the compounds in temulawak that exhibit antibacterial and antioxidant properties (Abd Rashid et 

al., 2022). Drying temulawak at 80°C significantly reduces the total phenol content compared to drying at 50 and 65°C 

(Table 2). This reduction occurs because phenolic groups degrade and oxidize when exposed to high temperatures, 

leading to a significant decline in total phenol content. Heat exposure causes structural damage to these compounds 

(Cheng et al., 2014; Wang et al., 2021). In contrast, drying at 50 and 65°C does not result in a significant difference in 

total phenol content. This stability likely occurs because the temperatures used do not exceed the degradation threshold 

of phenols (Levén and Schnürer, 2005). Temulawak is an herbal plant with antioxidant properties that enhance its ability 

to absorb free radicals (Rosidi et al., 2016). Drying at 65°C increases its antioxidant activity compared to drying at 80°C 

(Table 2). This occurs because high temperatures accelerate the thermal degradation of antioxidant compounds, reducing 

temulawak’s ability to neutralize free radicals (Levén and Schnürer, 2005; Peron et al., 2017). Meanwhile, drying at 50°C 

results in lower antioxidant activity than at 65°C. This may be due to prolonged exposure to heat and oxygen, which 

promotes oxidation (Poljšak and Fink, 2014; Bahrololoumi et al., 2022). 

 

 
Figure 1 - Oven temperature influenced the sample weight (g) of temulawak powder over time (h), where 50°C (solid), 

65°C (small dashed), 80℃ (long dashed).  
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Table 2 - Flavonoid content, phenol levels, and FRAP under drying treatments at 50, 65, and 80°C in temulawak 

powder. 

                           Drying temperature (°C) 

Flavonoid content 
50°C 65°C 80°C P value 

Total flavonoid (µg QE/g DW) 18.1 ± 1.45b 23.3 ± 1.72a 14.5 ± 1.71c <0.01 

Total phenol (µg GAE/g DW) 17 ± 1.36a 16.9 ± 1.73a 12.4 ± 1.63b 0.01 

FRAP (mg TE/g DW) 19.7 ± 2.25b 30.1 ± 2.42a 9.18 ± 2.91c <0.01 

Different superscripts within the same row are significantly different at P<0.05. FRAP=ferric reducing antioxidant power, GAE=gallic acid 

equivalent, QE=quercetin equivalent. 
 

 

 
Figure 2 - The impact of temulawak powder addition (%, x-axis) to TMRO-silage on ammonia production (mM, y-axis). 

 
Effect of temulawak powder on TMRO-silage 

Preserving high-protein feed ingredients during the rainy season presents a significant challenge (Wang et al., 2019). 

In the silage process, spoilage bacteria such as Clostridium sp. and Escherichia coli deaminate protein chains, converting 

them into ammonia. This reaction makes it more difficult to lower the silage pH (Jayanegara et al., 2019). Temulawak, a 

rhizome with antibacterial properties, can help prevent protein degradation during silage production (Rahmat et al., 

2021). Adding 0.5% temulawak powder to TMRO-silage effectively inhibited deamination, as indicated by a significant 

decrease in ammonia levels (P < 0.01; Table 3). Lower ammonia levels help stabilize silage pH during storage 

(Jayanegara et al., 2019). Temulawak reduces ammonia content by using its phenolic compounds to inhibit spoilage 

bacteria (Sadarman et al., 2019; Figure 2). Additionally, tannins in temulawak bind to proteins, further limiting 

deamination (Kondo et al., 2006). Adding 1% temulawak powder effectively prevented crude protein loss, significantly 

increasing the feed protein percentage on TMRO-silage (P < 0.05; Table 4). Soluble carbohydrates in the feed are 

converted into lactate, carbon dioxide, and water, which leads to a relative increase in protein content within the silage. 

Phenols can inhibit microbial activity, while tannins help protect proteins from degradation (Jayanegara et al., 2019; 

Sujarnoko et al., 2020). However, temulawak powder did not significantly lower the pH, which remained within the 

acceptable range for silage (pH 4-4.5). The addition of temulawak powder effectively preserved the dry matter content of 

TMRO-silage, as indicated by the significantly higher dry matter values in the treatment group compared to the control (P 

< 0.01; Table 4). The preservation process for complete feed and tofu by-products improved because the nutrients were 

protected from spoilage. Additionally, nutrient degradation was prevented (Rahmat et al., 2021; Abd Rashid et al., 2022). 

 
Effect of adding temulawak powder on in vitro rumen fermentation 

The addition of 1% temulawak powder to TMRO-silage significantly reduced rumen ammonia levels compared to the 

other treatment (P < 0.01; Table 5). This reduction is likely due to temulawak’s phenolic and flavonoid compounds, which 

can inhibit protease activity and microbial proliferation (Landis‐Piwowar et al., 2008; Hernández-Rodríguez et al., 2019). 

The decrease in ammonia production tends to lower pH levels since ammonia, which has a basic nature due to its (-NH₂) 

group, is reduced (Calsamiglia et al., 2008). Additionally, a strong correlation exists between phenolic content and lactic 

acid bacteria populations (Pianpumepong and Noomhorm, 2010). Temulawak powder also increases total gas production 
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and digestibility (IVDMD and IVOMD). However, an important finding is the reduction in methane production per total gas 

(P < 0.05; Table 5). Previous in vitro studies also reported methane reduction with other phenolic-containing compounds 

(Sujarnoko et al., 2020; 2023). The positive correlation between temulawak powder and rumen fermentation 

characteristics is primarily attributed to its phenolic and flavonoid content. However, drying methods should be optimized 

to ensure the best residual compound retention. Future research should explore not only the application of temulawak 

powder in high-protein silage preservation, such as TMR-silage with okaras, but also in other high-protein silage 

applications, including fermented food products. 

 

Table 3 - Influence of the temulawak powder on the ammonia production (mM) of TMRO-silage 

Parameters TMRO-0 TMRO-0.25 TMRO-0.5 TMRO-0.75 TMRO-1 P-value 

Ammonia (mM) 4.52 ± 0.66c 3.91 ± 0.23b 3.1 ± 0.37a 2.9 ± 0.35a 2.84 ± 0.13a 0.01 

Different superscripts within the same row are significantly different at P<0.05. TMRO-silage=total mixed ration-based okara silage; TP: 

temulawak powder; TMRO-0=TMRO-silage+0%TP; TMRO-0.25=TMRO-silage+0.25TP; TMRO-0.5=TMRO-silage+0.5%TP; TMRO-0.75=TMRO-

silage+0.75%TP, TMRO-1: TMRO-silage+1%TP.  

 

Table 4 - Influence of the temulawak powder on pH and proximate composition of TMRO-silage 

Parameters TMRO-0 TMRO-0.25 TMRO-0.5 TMRO-0.75 TMRO-1 P-value 

pH 4.32 ± 0.02 4.3 ± 0.07 4.3 ± 0.03 4.33 ± 0.03 4.3 ± 0.05 0.34 

Dry matter (%)  54.1 ± 0.64a 56 ± 0.7b 57.4 ± 0.63c 57.2 ± 0.75c 55.3 ± 0.76b <0.01 

Crude protein (%) 15.2 ± 0.1a 15.5 ± 0.65ab 15.7 ± 0.32ab 15.8 ± 0.52b 17.1 ± 0.41c <0.01 

Ether extract (%) 6.72 ± 0.25b 5.56 ± 0.22a 7.8 ± 0.19c 7.07 ± 0.16b 7.67 ± 0.46c <0.01 

Crude fiber (%) 22.3 ± 0.49b 22.6 ± 0.92b 21.9 ± 0.84b 21.7 ± 1.16ab 20.4 ± 0.82a 0.03 

Ash (%) 8.74 ± 0.26a 8.77 ± 0.45a 9.03 ± 0.65a 9.17 ± 0.67a 10.1 ± 0.83b 0.03 

NFE (%) 47 ± 46cd 47.6 ± 0.5d 45.5 ± 0.43ab 46.3 ± 0.86bc 44.7 ± 0.53a <0.01 

Different superscripts within the same row are significantly different at P<0.05. TMRO-silage=total mixed ration-based okara silage; TP: 

temulawak powder; NFE=nitrogen-free extract. TMRO-0=TMRO-silage+0%TP; TMRO-0.25=TMRO-silage+0.25TP; TMRO-0.5=TMRO-

silage+0.5%TP; TMRO-0.75=TMRO-silage+0.75%TP, TMRO-1: TMRO-silage+1%TP.  

 

Table 5 - In vitro characteristics of TMRO-silage added with temulawak powder 

Parameters TMRO-0 TMRO-0.25 TMRO-0.5 TMRO-0.75 TMRO-1 P-value 

Ammonia (mM) 12.3 ± 1.14b 11.4 ± 0.87ᵇ 10.3 ± 0.79ᵃᵇ 9.7 ± 0.53ᵃ 9.03 ± 0.62a <0.01 

pH 6.99 ± 0.17b 6.97 ± 0.14ᵇ 6.91 ± 0.21ᵇ 6.87 ± 0.07ᵇ 6.81 ± 0.83a 0.01 

VFA (mM) 125 ± 5.63 123 ± 6.01 120 ± 5.99 118 ± 6.3 115 ± 6.46 0.07 

IVDMD (%) 49.6 ± 0.85a 51.0 ± 0.56ᵃᵇ 50.5 ± 0.48ᵇ 50.8 ± 0.38ᵇ 51.1 ± 0.6b 0.03 

IVOMD (%) 47.2 ± 0.89a 47.8 ± 0.75ᵃᵇ 48.2 ± 0.86ᵇ 48.3 ± 0.71ᵇ 48.9 ± 0.78b 0.03 

Total gas (mL) 113 ± 2.95a 115 ± 2.53ᵃᵇ 118 ± 2.16ᵇ 117 ± 2.01ᵇ 119 ± 1.97b 0.03 

Methane (ppm) 
72,166 ± 

6,135 

70,135 ± 

5,345 

69,140 ± 

4,866 

68,450 ± 

3,852 

68,114 ± 

3,313 
0.26 

MTG (ppm/mL) 631 ± 54.7b 611 ± 47.2ᵇ 595 ± 41.6ᵃᵇ 582 ± 35.7ᵃᵇ 576 ± 30.6a 0.05 

Different superscripts within the same column are significantly different at P<0.05. TMRO-silage=total mixed ration-based okara silage; TP: 

temulawak powder; NFE=nitrogen-free extract. TMRO-0=TMRO-silage+0%TP; TMRO-0.25=TMRO-silage+0.25TP; TMRO-0.5=TMRO-

silage+0.5%TP; TMRO-0.75=TMRO-silage+0.75%TP, TMRO-1: TMRO-silage+1%TP. VFA=volatile fatty acid; IVDMD=in vitro dry matter 

digestibility; IVOMD=in vitro organic matter digestibility; MTG=methane per total gas.  

 
 

CONCLUSION  

 

Adding 1% dry matter temulawak powder effectively reduces the risk of protein degradation during the optimal storage of 

total mixed ration-based okara silage (TMRO-silage). It also improves the nutritional characteristics of TMRO-silage. 

Additionally, incorporating 1% temulawak powder enhances in vitro digestibility and protects feed protein from 

deamination. This dosage optimally reduces methane relative to total gas production while increasing total gas 

production. This benefit is likely related to the higher levels of total phenols, flavonoids, and ferric reducing antioxidant 

power (FRAP) in temulawak processed at 65°C. 
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