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			Abstract | The rumen of cattle is inhabited by complex microbiota that play an important role in facilitating the feed fermentation process. Therefore, its nutrient requirements must also be taken into consideration. Nutrient requirements for rumen microbes can be met from rumen degradable protein (RDP) and non-fiber carbohydrate (NFC). Nutrients that are easily degraded in the rumen can be seen from their metabolite products such as total gas production, gas kinetics, and methane gas production. This study aims to determine the effect of the balance of rumen degradable protein (RDP) with non-fiber carbohydrate (NFC) in cattle rations on total gas production, gas kinetics and methane gas production in vitro. The study used an experimental method with a completely randomized design (CRD). There were six treatments of RDP balance with NFC, namely R1 (1.7), R2 (1.5), R3 (1.8), R4 (1.6), R5 (1.4), and R6 (1.3) with five replications. Research data were processed by analysis of variance and Duncan’s multiple range test. The results showed that the balance of RDP:NFC in the ration gave no significant effect (P>0.05) on total gas production, maximum gas production, and methane gas production. However, it had a significant effect (P<0.05) on the cumulative gas production rate. The conclusion of this study is that the balance of RDP:NFC in cattle ration is a more important factor in feed formulation.
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			INTRODUCTION

			Feed is one of the factors that determine the level of livestock productivity (Fahmi et al., 2015). Based on economic as well as production perspectives, feed contributes 60-70% in livestock farming activities (Tanuwiria et al., 2022a). The calculation of animal feed needs is still considered not optimal because it is still based on the calculation of the needs of the host alone. The rumen of cattle is inhabited by complex microbiota that play an important role in facilitating the fermentation process of feed that cannot be digested by the host animal and is responsible for providing up to 70% of the animal’s energy needs (Fregulia, et al., 2024). In addition, rumen microbes are the largest contributor to protein for cattle through microbial protein production (Soeharsono et al., 2011). Around 80-90% of ruminants’ amino acid needs are met by microbial proteins (National Research Council, 2001). The rumen microbes require protein nitrogen to multiply and synthesize their body proteins (Hermon et al., 2008). Therefore, cattle feed formulation must also take into account the nutrient requirements for rumen microbes because feed is a determining factor for the variety, number, composition and characteristics of these microbes, especially protein and energy intake (Soeharsono et al., 2011), another factor reported as the impact of extra herbs (Mushawwir et al., 2021a, b).

			Rumen Degradable Protein (RDP) is the fraction of protein that is degraded in the rumen by rumen microbes to produce microbial protein (Putri et al., 2019). Microbial protein is influenced by the availability of energy derived from carbohydrate fermentation in the rumen and nitrogen (N) in the form of NH3 (Rosmalia et al., 2022). The availability of these elements in the rumen must be in the right proportion in order to increase the efficiency of microbial protein synthesis (Rosmalia et al., 2022; Tanuwiria et al., 2022a, b). Non-Fiber Carbohydrate (NFC) provides carbohydrates that are easily fermented. Non-Fiber Carbohydrates (NFC) consist of sugars, starch, fructans, pectin, galactans and B-glucans (Villalba et al., 2021). Increasing the availability of energy derived from fermented carbohydrates and nitrogen in the form of NH3 in the rumen will affect microbial protein synthesis (National Research Council, 2001). 

			Research on the effect of RDP and NFC synchronization was carried out by measuring the metabolite products produced, namely total gas production, gas kinetics, and methane gas production produced through in vitro techniques. Gas production can indicate fermented and unfermented, soluble and insoluble nutrients (Getachew et al., 2004). Gas kinetics are required to estimate the kinetics of the fermentation process. Gas kinetics are measured to determine the rate of gas formation reactions and the rate of feed fermentation in the rumen (Jayanegara et al., 2009). Methane is a fermentation product produced through the process of methanogenesis. Methane emissions represent a significant loss of feed energy, ranging from 2% to 12% of gross feed energy (Martin et al., 2010; Rahmania et al., 2022; Kharzi et al., 2022). Several studies have examined the interaction effect of RDP and NFC in several concentrations in the diet on microbial protein synthesis (MPS) and digestibility, but did not measure the resulting gas production potential and kinetic gas (Zhao et al., 2015; Rosmalia et al., 2022). Considering the fact that RDP provides available (N) for rumen microbes and NFC is rapidly fermented in the rumen, we hypothesized that total gas production, kinetic gas, and methane gas production are affected by the size of RDP and NFC in the feed including their synchronization. Therefore, this study aimed to determine the effect of various RDP and NFC balances in cattle rations on total gas production, gas kinetics, and methane gas production. This research is also expected to produce new feed formulation standards in the future that not only take into the animal’s needs but also the needs of rumen microbes in it. In addition, the results obtained, especially methane gas data, can be an initial mitigation of methane gas that will be generated if in the future RDP: NFC is used as a standard in feed formulations.

			MATERIALS AND METHODS

			Eksperimental Design

			In vitro research was conducted at the Laboratory of Ruminant Nutrition and Feed Chemistry, Faculty of Animal Husbandry, Padjadjaran University. The ration used is a mixture of several types of feed such as fiber sources, energy sources, protein sources, and mineral sources. The feed ingredients were cut and dried at 60°C for 24 hours. After that, the material was ground to a size of 1 mm using a hammermill, then each feed was tested for dry matter, ash, crude protein, BETN by the method AOAC (2007), and RDP content by the Tilley and Terry method (1969). Information on the nutrient content of each feed ingredient used in this study can be seen in Table 1. The study used a completely randomized design (CRD) with six rations formulated based on the ratio of RDP:NFC (1.7; 1.5; 1.8; 1.6; 1.4; 1.3) for each treatment (R1, R2, R3, R4, R5, R6). The balances was obtained from the ratio of RDP and NFC (60:35, 60:40, 65:35, 65:40, 55:39, 55:41) respectively (Table 2) with the nutrient content of each treatment shown in Table 3. The selection of RDP concentrations that are higher than the NFC is expected to optimize microbial protein synthesis while producing digestive enzymes in the rumen so that the process of feed degradation into simpler components occurs faster.

			The sample incubation procedure for in vitro refers to Theodorou et al. (1994) and the preparation procedure performed by Yanza et al. (2018) with modifications where gas production data collection uses a syringe directly in units Table 1: Nutrient composition of diet sources.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Feed source

						
							
							Nutrient composition 

						
					

					
							
							DM

						
							
							Ash

						
							
							CF

						
							
							CP

						
							
							EE

						
							
							NFE

						
							
							TDN

						
							
							RDP*

						
							
							NFC

						
					

					
							
							
							Percentage

						
					

					
							
							Rice straw

						
							
							94,12

						
							
							19,69

						
							
							30,17

						
							
							3,8

						
							
							1,36

						
							
							38,27

						
							
							31,07

						
							
							48,04

						
							
							0,13

						
					

					
							
							Corn husks

						
							
							86,94

						
							
							3,71

						
							
							28,49

						
							
							7,08

						
							
							1,76

						
							
							58,96

						
							
							53,49

						
							
							44,36

						
							
							16,72

						
					

					
							
							Elephant grass

						
							
							92,95

						
							
							13,00

						
							
							32,68

						
							
							13,00

						
							
							2,61

						
							
							40,53

						
							
							57,17

						
							
							54,85

						
							
							4,22

						
					

					
							
							Corn stalks

						
							
							93,98

						
							
							8,01

						
							
							25,65

						
							
							11,23

						
							
							1,65

						
							
							53,46

						
							
							54,53

						
							
							47,1

						
							
							7,84

						
					

					
							
							Grounded corn

						
							
							88,47

						
							
							11,31

						
							
							1,63

						
							
							15,24

						
							
							2,98

						
							
							68,84

						
							
							81,09

						
							
							75,99

						
							
							70,47

						
					

					
							
							Cassava

						
							
							89,28

						
							
							3,53

						
							
							3,09

						
							
							3,23

						
							
							1,95

						
							
							88,2

						
							
							67,69

						
							
							49,35

						
							
							91,29

						
					

					
							
							Coconut meal

						
							
							93,55

						
							
							7,89

						
							
							13,1

						
							
							7,85

						
							
							14,59

						
							
							56,57

						
							
							79,32

						
							
							69,44

						
							
							69,67

						
					

					
							
							Palm meal

						
							
							96,28

						
							
							3,67

						
							
							31,32

						
							
							19,34

						
							
							9,08

						
							
							36,58

						
							
							61,61

						
							
							60,05

						
							
							67,91

						
					

					
							
							Indigofera

						
							
							89,63

						
							
							8,59

						
							
							17,43

						
							
							30,92

						
							
							2,39

						
							
							40,67

						
							
							67,56

						
							
							73,05

						
							
							34,87

						
					

					
							
							Soybean meal

						
							
							89

						
							
							6,99

						
							
							2,77

						
							
							49,21

						
							
							9,21

						
							
							31,82

						
							
							90,21

						
							
							29,9

						
							
							34,59

						
					

					
							
							Tofu dregs

						
							
							93,6

						
							
							2,57

						
							
							21,43

						
							
							20,38

						
							
							2,14

						
							
							53,48

						
							
							69,49

						
							
							74,1

						
							
							75,84

						
					

					
							
							Mineral

						
							
							100

						
							
							100

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

				
			

			Source: Tanuwiria et al (2022); DM: Dried matter; CF: Crude fiber; CP: Crude protein; EE: Ether extract; NFE: Nitrogen Free Extract; TDN: Total digestible nutrient; RDP: rumen degradable protein; NFC: non-fiber carbohydrate.

			of mL. Around 500 mg of feed sample and 50 mL of rumen fluid mixture with buffer were mixed and placed into a 100 mL bottle. In addition, 2 bottles containing 50 mL of buffered rumen fluid without feed samples were prepared as blanks. The research was conducted with an experimental method using a completely randomized design (CRD) with a total of 30 experimental units (6 treatments and 5 replicates). 

			Table 2: Composition of diets treatment.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Feed source

						
							
							Treatment

						
					

					
							
							R1

						
							
							R2

						
							
							R3

						
							
							R4

						
							
							R5

						
							
							R6

						
					

					
							
							
							Percentage

						
					

					
							
							Rice straw

						
							
							8,69

						
							
							14,19

						
							
							8,62

						
							
							8,18

						
							
							6,36

						
							
							6,68

						
					

					
							
							Corn husks

						
							
							5,00

						
							
							0,00

						
							
							0,00

						
							
							0,00

						
							
							13,22

						
							
							12,44

						
					

					
							
							Elephant grass

						
							
							5,00

						
							
							0,00

						
							
							33,00

						
							
							29,89

						
							
							13,54

						
							
							12,00

						
					

					
							
							Corn stalks

						
							
							24,34

						
							
							20,75

						
							
							0,00

						
							
							0,00

						
							
							13,22

						
							
							12,44

						
					

					
							
							Grounded corn

						
							
							23,64

						
							
							16,90

						
							
							35,00

						
							
							28,51

						
							
							11,86

						
							
							11,30

						
					

					
							
							Cassava

						
							
							0

						
							
							1,77

						
							
							0,00

						
							
							0,00

						
							
							10,36

						
							
							12,00

						
					

					
							
							Coconut meal

						
							
							12,13

						
							
							17,36

						
							
							3,53

						
							
							3,73

						
							
							15,63

						
							
							14,96

						
					

					
							
							Palm meal

						
							
							0,00

						
							
							0,00

						
							
							0,00

						
							
							5,00

						
							
							1,50

						
							
							2,99

						
					

					
							
							Indigofera

						
							
							15,00

						
							
							14,00

						
							
							18,53

						
							
							13,00

						
							
							2,60

						
							
							2,37

						
					

					
							
							Soybean meal

						
							
							4,37

						
							
							6,75

						
							
							0,00

						
							
							0,00

						
							
							8,26

						
							
							8,29

						
					

					
							
							Tofu dregs

						
							
							0,83

						
							
							7,29

						
							
							0,00

						
							
							10,69

						
							
							2,44

						
							
							3,36

						
					

					
							
							Mineral

						
							
							1,00

						
							
							1,00

						
							
							1,00

						
							
							1,00

						
							
							1,00

						
							
							1,00

						
					

				
			

			Preparation of Inoculum and Incubation

			Cattle rumen fluid was taken from two cows A and B at Ciroyom Slaughterhouse located at Jl. Arjuna No. 45, Husen Sastranegara, Cicendo District, Bandung City. The rumen fluid was filtered using four layers of muslin cloth into two different flasks stored at 39°C under anaerobic conditions and immediately transported to the laboratory. Two hundred milliliters of rumen fluid from each flask was mixed with 1600 mL of buffer liquid (9.8 g NaHCO3, 4.65 g Na2HPO4.2H2O, 0.57 g KCl, 0.47 g NaCl, 0.12 g MgSO4.7H2O, and 0.04 g CaCl2 per liter buffer) in 2-Liter beaker glass. The mixture of rumen fluid and buffer was continuously supplied with CO2 gas before 50 mL of rumen fluid and buffer were put into 100 mL bottles that had been filled with feed samples from each treatment. Afterward, the bottles were incubated in a waterbath for 24 hours at 39°C.

			Total Gas Production, Gas Kinetics, and Methane Analysis

			Total gas production data was collected every two hours during the incubation process for 24 hours using 20 mL syringe with a 0.1 mm needle that was inserted into the bottle cap that had been opened in the center. The fermentation process is characterized by the syringe being pushed by the pressure of the gas formed during incubation. The gas taken is then collected into a 100 mL bottle that has been vacuumed beforehand. After the incubation process is complete, the data is summed for the total gas production parameter. Meanwhile, the kinetic gas is estimated by the exponential equation proposed by Ørskov and McDonald (1979) is p=a+b(1-e-ct), where p represents cumulative gas production at time t hours, a represents gas production from the soluble fraction, b: represents gas production from the insoluble but fermentable fraction, c: represents the rate of gas formation reaction, t represents fermentation time at a given time (hours). All data were analyzed using SPSS (v.29). The previously collected gas was taken as much as about 10 mL using a 10 mL syringe and put into a 10 mL vacutainer for methane gas concentration analysis. Methane analysis 

			Table 4: Gas Production, Gas Kinetic, and Methane Production after 24h rumen fermentation in vitro.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Observed Parameters

						
							
							R1

						
							
							R2

						
							
							R3

						
							
							R4

						
							
							R5

						
							
							R6

						
							
							P value

						
					

					
							
							TGP (mL/ g DMs)

						
							
							169,78

						
							
							161,74

						
							
							171,43

						
							
							178,47

						
							
							175,73

						
							
							182,20

						
							
							0,510

						
					

					
							
							a+b (mL/ g DMs)

						
							
							176,56

						
							
							168,89

						
							
							180,26

						
							
							181,26

						
							
							181,02

						
							
							184,77

						
							
							0,849

						
					

					
							
							c (mL/h)

						
							
							0,018a

						
							
							0,035bc

						
							
							0,017a

						
							
							0,023ab

						
							
							0,041c

						
							
							0,040c

						
							
							0,000

						
					

					
							
							CH4 (mM/g DMs)

						
							
							16,70

						
							
							16,06

						
							
							16,03

						
							
							16,13

						
							
							16,46

						
							
							16,92

						
							
							0,967

						
					

				
			

			TGP: Total Gas Production; CH4: Methane production; a+b: Potential extent of gas production; c: Constant rate of gas production; abc: Means with different superscript letter in the same column showed statistically different at p<0.05.

			are using Shimadzu 8A GC with FID (Flame Ionization Detector) based on procedures (Haryati et al., 2019).

			Statistical Analysis 

			The study used a completely randomized design (CRD) with six RDP:NFC treatment rations (1.7; 1.5; 1.8; 1.6; 1.4; 1.3). The mathematical model used is as follows: 

			Yij = µ + τi + εij 

			where;

			Yij: observed response due to i-th treatment and j-th replication. 

			µ: general mean.

			τi: effect of i-th treatment.

			εij: effect of error from i-th treatment and j-th replication. 

			All data were analyzed using one-way ANOVA using SPSS (v.29) with RDP:NFC ratio as the independent variable and total gas production, kinetic gas, and methane gas production as the dependent variable. The treatment was said to have a significant effect if p<0.05. Duncan’s Multiple Range Test was used to determine the real difference between treatments. Statistical significance between treatments was said to be significantly different if p<0.05.

			Table 3: Nutrient composition of dietary treatment.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Nutrient 

							composition

						
							
							Treatments

						
					

					
							
							R1

						
							
							R2

						
							
							R3

						
							
							R4

						
							
							R5

						
							
							R6

						
					

					
							
							
							Percentage

						
					

					
							
							Dry Matter (%)

						
							
							91,42

						
							
							92,01

						
							
							90,97

						
							
							91,67

						
							
							91,27

						
							
							91,34

						
					

					
							
							Ash (%)

						
							
							9,74

						
							
							9,66

						
							
							11,86

						
							
							10,59

						
							
							8,42

						
							
							8,23

						
					

					
							
							CF (%)

						
							
							16,72

						
							
							16,40

						
							
							17,15

						
							
							18,77

						
							
							17,49

						
							
							17,35

						
					

					
							
							CP (%)

						
							
							16,00

						
							
							16,00

						
							
							16,00

						
							
							16,00

						
							
							14,00

						
							
							14,00

						
					

					
							
							EE (%)

						
							
							3,99

						
							
							4,72

						
							
							2,99

						
							
							3,28

						
							
							4,74

						
							
							4,75

						
					

					
							
							NFE (%)

						
							
							53,38

						
							
							52,28

						
							
							51,43

						
							
							50,81

						
							
							55,47

						
							
							55,74

						
					

					
							
							TDN (%)

						
							
							65,00

						
							
							65,00

						
							
							65,00

						
							
							65,00

						
							
							65,00

						
							
							65,00

						
					

					
							
							RDP (%)

						
							
							60,00

						
							
							60,00

						
							
							65,00

						
							
							65,00

						
							
							55,00

						
							
							55,00

						
					

					
							
							NFC (%)

						
							
							35,00

						
							
							40,00

						
							
							35,00

						
							
							40,00

						
							
							39,00

						
							
							41,00

						
					

				
			

			DM: Dried matter; CF: Crude fiber; CP: Crude protein; EE: Ether extract; NFE: Nitrogen Free Extract; TDN: Total digestible nutrient; RDP: Rumen degradable protein; NFC: Non-fiber carbohydrate.

			RESULTS AND DISCUSSION

			This study aimed to determine the effects of various RDP and NFC balances on total gas production taken every two hours for 24 hours of incubation time, kinetic gas, and methane gas production (Table 4). The results showed that after the incubation process for 24 hours the total gas production ranged from 161.74 – 182.20 mL/g DMs and methane gas production ranged from 16.03 – 16.92 mM/g DMs. The methane gas production produced in this study is higher than the research of (Rosmalia et al., 2022; Zhao et al., 2015). The high production of methane produced can have a greater impact on the environment. These results open up opportunities for further research in the future, namely RDP and NFC synchronization research with the addition of antimethanogenic materials such as syntetic halogenated compounds to reduce the production of methane produced (Romero et al., 2024). Statistically, the treatments had no significant effect (P=0.01; P=0.97 respectively) on total gas production and methane gas production. The treatment did not significantly affect the kinetic gas for constant a+b or maximum gas production which ranged from 168.89 – 184.77 mL/g DMs. The non-significant difference in total gas production is thought to occur because the difference in balance values between treatments is not too significant, resulting in substrates that are broken down and fermented by rumen microbes not much different between treatments. However, for the cumulative gas production rate (constant c), the treatments had a significant effect (P=0.00). The resulting gas production rate ranged from 0.017 – 0.041 mL/hour. Treatments R5 and R6 have the highest cumulative gas production rate (c). While the lowest cumulative gas production rate (c) was produced by treatments R3 and R1. 

			Total Gas Production 

			The results of this study indicate that the high and low content of RDP and NFC in the ration can be the cause of high and low gas production. Gas production indicates the fermentation process of feed by rumen microbes (Abrar and Fariani, 2018). The higher carbohydrate content in the feed, the higher the gas produced from the feed fermentation process (Alfiansyah and Hartutik, 2021). Gas production is basically the result of carbohydrate fermentation by rumen microbes, converting polysaccharides into acetate, propionate, short fatty acids, CO2, and CH4 (Morgavi et al., 2010).

			The ration of treatments R5 and R6 had similar graphical patterns of total gas production (Figure 1). However, at the end of the incubation period, the total gas production of R6 was higher, and the total gas production of treatment R5 was lower than treatment R4. Although it has a high NFC content when compared to treatment R1 (NFC 35%), treatment R2 (NFC 40%) has the lowest gas production graph at the end of the incubation period. These results show that the high content of NFC in the ration is not always a determining factor for high total gas production. The balance between the RDP and NFC content of the ration plays a more important role in supporting rumen microbial activity to digest feed. This occurs because gas production is related to the availability of carbohydrates in the feed, which the higher levels will increase protein degradation by rumen microbes which will then be utilized by microbes for growth, where increased microbial growth is characterized by increased gas production (Kurniawati, 2004).

			[image: ]

			Figure 1: Total Gas Production Pattern.

			Based on Figure 2, the highest total gas production occurs at different times. This is related to the high and low content of NFC in the ration. Non-Fiber Carbohydrate content determines how quickly the rations are degraded in the rumen due to its fermentable nature. In addition, differences in the speed of adaptation of rumen microbes to new conditions and feed can also affect how quickly the rations are degraded. Any changes in rumen microbes can produce important effects on animal physiology, one of which affects feed conversion efficiency in ruminants (Hasan et al., 2020). However, in general, the increase in total gas production occurred at a relatively similar time at the beginning of the incubation period. The rate of gas production in each treatment decreased after 18 hours of incubation. This occurs because, as the incubation time increases, the substrate that can be fermented also decreases in number (Jayanegara and Sofyan, 2008).

			Gas Kinetics

			Gas kinetics are measured to determine the rate of gas formation reactions and the rate of feed fermentation in the rumen (Jayanegara et al., 2009). Gas kinetics depend on the proportion of soluble, insoluble but degradable, and non-degradable feed fractions (Getachew et al., 1998). Gas kinetics values were estimated using the exponential equation proposed by Ørskov and Mcdonald (1979). The constant a+b (maximum gas production) is related to the total gas production, where the total gas production formed during 24 hours of incubation produced more than 90% of the maximum gas production in all treatments. Similar to total gas production, the high and low content of NFC in the ration can cause differences in the amount of gas produced. The higher the carbohydrate content in the feed, the higher the gas produced from the feed fermentation process in the rumen (Alfiansyah and Hartutik, 2021). In addition, differences in maximum gas production (a+b) can also be caused by changing rumen microbial populations and activities. Changes in rumen microbial activity cause changes in the digestibility value of various soluble fractions in feed (Anas et al., 2020).

			[image: ]

			Figure 2: Total Gas Production in Unit Time.

			The kinetic gas was also used to estimate the cumulative gas production rate (constant c) of each treatment ration. Treatment R5 has the highest cumulative gas product rate (c) of 0.041 mL/hour. While R3 is the treatment that has the lowest cumulative gas production rate (c). The high or low value of the constant c indicates how quickly the treatment ration is fermented by rumen microbes. The constant c value is related to the maximum gas production (a+b). Ration R5 is very rapidly fermented, but has a low maximum gas production. This result is inversely proportional to the treatment ration which is fermented not so fast (low c constant), but produces a fairly high maximum gas production. These results are in accordance with research (Jayanegara et al., 2009), which reported that treatments with high constant c values had low maximum gas production (a+b). These results show that NFC actually provides carbohydrates that are easily fermented and digested, resulting in a high cumulative gas production rate (c). Higher NFC and lower NDF concentrations promote faster and higher gas production rates (Rivero et al., 2020). Soluble carbohydrates will be quickly converted to gas and increase total gas production and block tannins in methanogenesis (Cieslak et al., 2016). In addition, this difference can also be caused by changes in rumen microbial population and activity. However, the availability of an appropriate amount of RDP is also a factor in how quickly or slowly a ration can be fermented by rumen microbes. The balance between RDP and NFC content of the ration is an important factor in supporting rumen microbial activity to digest feed. The addition of carbohydrates in feed can increase protein degradation by microbes so that it can be used for microbial growth (Kurniawati, 2004). 

			Methane Emissions

			Methane is a product of the biological activity of methanogenic bacteria in the rumen produced through the process of methanogenesis. The concentration of methane gas (CH4) formed during the incubation process can be an indicator of the quality of feed that is environmentally friendly because the contribution of methane gas released into the atmosphere as a greenhouse gas causes global warming. Methane production in this study is included in the high category when compared to the research of Sirohi et al. (2012). Methane gas comes from fiber degradation that produces H2 which will be utilized by methanogenic microbes to be converted into CH4 through the process of methanogenesis. Methanogenic microbes in the rumen obtain substrates for methanogenesis from microbial fermentation products. Ciliated protozoa are prominent producers of H2 and carry out hydrogen transfer with methanogenic achae for later conversion to CH4 (Fregulia et al., 2024). Methane gas production is closely related to fiber content, especially the NDF (Neutral Detergent Fiber) fraction in the diet. Methane content increases with increasing NDF and hemicellulose content because it will change the proportion of acetic acid that produces hydrogen gas (H2) as a substrate in the methanogenesis reaction (Jayanegara, 2008). In this study, the proportion of NDF ranged from 59% to 65%, which is quite high in the ration.

			The NDF fractions are mostly composed of polysaccharides that have longer chemical bonds than the NFC fractions, which are mostly included in the NDS (Neutral Detergent Soluble). The longer the polysaccharide bonds, the more carbon (C) and hydrogen (H2) produced from the fermentation process. But actually, the role of fibrolytic bacteria and methanogen bacteria in the fermentation process is the main factor in the formation of methane gas in the rumen. Fibrolytic bacteria and ciliated protozoa act as the first working unit that converts feed cell wall polysaccharides into VFA, CO2 and H2, where some of these substrates, especially hydrogen and acetate, will be used by methanogenic bacteria to produce methane gas (CH4) through the hydrogenotrophic pathway (Morgavi et al., 2010; Hasan et al., 2020). This high availability of hydrogen then makes methanogenic bacteria use the substrate to produce high amounts of methane gas (CH4). Recently, several plant extracts such as saponins, tannins and essential oils (EO) have been investigated to assess their ability to manipulate rumen physiology and antimicrobial activities and the results showed a significant effect on methanogens, feed degradation and fermentation parameters (Hasan et al., 2020). The use of plant secondary metabolites together with RDP- and NFC-based feeds could be an interesting research topic in the future.

			CONCLUSIONS AND RECOMMENDATIONS

			In conclusion, this study aimed to determine the effect of various ratios of RDP and NFC in cattle rations on total gas production, gas kinetics, and methane gas production through in vitro tests. The use of various ratios of Rumen Degradable Protein (RDP) with Non-Fiber Carbohydrate (NFC) in rations did not affect total gas production, maximum gas production (a+b), and methane gas production in vitro. However, it affected the cumulative gas production rate (c). Ration treatments R5 (1.4) and R6 (1.3) produced the highest cumulative gas production rate. These results will serve as an early illustration of how much gas is produced and a predictor of the amount of feed degradation in the rumen if the ration formulation is based on the ratio of RDP and NFC. In addition, the methane gas production was not significantly different from each treatment, indicating that the lower and upper limits for the ratios that can produce the lowest and highest methane cannot yet be concluded. The addition of antimethanogenic substrates in feed with the ratio of RDP and NFC is one of the interesting topics for future research. 
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Abstract | The rumen of cattle is inhabited by complex microbiota that play an important role in facilitating
the feed fermentation process. Therefore, its nutrient requirements must also be taken into consideration. Nu-
trient requirements for rumen microbes can be met from rumen degradable protein (RDP) and non-fiber car-
bohydrate (NFC). Nutrients that are easily degraded in the rumen can be seen from their metabolite products
such as total gas production, gas kinetics, and methane gas production. This study aims to determine the effect
of the balance of rumen degradable protein (RDP) with non-fiber carbohydrate (NFC) in cattle rations on total
gas production, gas kinetics and methane gas production in vitro. The study used an experimental method
with a completely randomized design (CRD). There were six treatments of RDP balance with NFC, name-
ly R1 (1.7), R2 (1.5), R3 (1.8), R4 (1.6), RS (1.4), and R6 (1.3) with five replications. Research data were
processed by analysis of variance and Duncan’s multiple range test. The results showed that the balance of
RDP:NFC in the ration gave no significant effect (P>0.05) on total gas production, maximum gas production,
and methane gas production. However, it had a significant effect (P<0.05) on the cumulative gas production
rate. The conclusion of this study is that the balance of RDP:NFC in cattle ration is a more important factor
in feed formulation.

Keywords | Rumen degradable protein, Non-fiber carbohydrate, Total gas production, Gas kinetics, Methane
gas
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