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ABSTRACT

Objective: The present study aimed to determine the influence of different rumen degradable
protein (RDP)/non-fibrous carbohydrate (NFC) proportions on ruminal fermentation characteris-
tics, gas production kinetics, and microbial populations.

Materials and Methods: An in vitro batch culture trial was conducted using different combina-
tions of RDP/NFC proportions categorized into six dietary treatments (n = 5 per treatment, three
replicative runs). Combinations of balanced RDP/NFC proportions were 60% RDP: 35% NFC (P1,
1:3.65), 60% RDP: 40% NFC (P2, 1:4.17), 65% RDP: 35% NFC (P3, 1:3.37), 65% RDP: 40% NFC (P4,
1:3.85), 55% RDP: 39% NFC (P5, 1:5.06), and 55% RDP: 41% NFC (P6, 1:5.32).

Results: The present study observed that the combination of a high proportion of RDP and NFC
influenced in vitro rumen fermentation, such as volatile fatty acid and NH; concentrations, and
in vitro organic matter digestibility. However, a high RDP (65%) with a low NFC (35%) positively
influenced total gas production, gas kinetics, enteric methane production, and microbial popula-
tion in the rumen.

Conclusion: In this study, we revealed that the ratios of RDP and NFC in animal feed have a consid-
erable impact on rumen fermentation, microbial population, and digestibility.
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the critical role of microbial involvement in the rumen in
degrading feed compounds [3].

Ruminant protein utilization is categorized into two
components: rumen degradable protein (RDP), which is
synthesized rapidly in the rumen, and rumen undegradable

Introduction

Nutritional feeding strategies have evolved to enhance
ruminant productivity and economic efficiency. This
evolution has mainly addressed the dietary balance and

efficiency of principal components in feed, such as car-
bohydrates and proteins [1]. Although carbohydrate and
protein requirements for ruminants have already been
standardized, studies emphasizing optimizing feed source
utilization to improve ruminant performance and produc-
tivity have been extended [2]. Accordingly, the current feed-
ing strategy is significantly concerned with formulating
feed rations to optimize utilizable nutrients by considering

protein (RUP), which escapes rumen metabolism and is
absorbed in the intestine [4]. Unlike RDP, RUP components,
such as amino acids and other peptides, can pass rumen
metabolism [5]. Thanks to rumen microbes, degraded feed
proteins like RDP have turned into non-protein nitrogen in
the rumen, like ammonia (NH3), that is utilized as a source
for microbial growth and energy [6]. The crucial role of
RDP and ruminal NH;3 further supports microbial protein
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synthesis (MPS) as a source of absorbable protein for rumi-
nants to be absorbed in the intestine [7].

Notably, appropriate RDP can improve the efficiency
of N utilization (ENU) in the rumen and consequently
enhance the metabolic functions of animal health and
deposition of nutritional quality of ruminant products,
such as meat and milk [7]. However, excessive RDP would
lead to N-inefficiency due to the exceeding ruminal NHjz
concentration, which is further absorbed into the blood,
accumulated in the liver as urea, and then excreted in the
urine [4].

Recent studies have indicated that certain dietary bal-
ances can enhance MPS, reduce nitrogen release rates,
and synchronize with energy supply for rumen microbial
growth [8]. Although microbial protein production in the
rumen may improve, most of the N released as urinary
urea leads to less efficient N utilization in ruminant metab-
olism [9]. Hence, an appropriate level of RDP is needed
to improve the ENU and meet the metabolizable protein
(MP) requirements for ruminants. Moreover, enhanced
microbial protein by high RDP uptake can indirectly lead to
increased methane production (CH,), whereas high digest-
ible substrate may also elevate methanogen activity, which
is responsible for CH, in the rumen [10].

Carbohydrates are another major nutrient that rumi-
nant production commonly depends on for forages and
non-fiber carbohydrates (NFCs), such as concentrates
or grains. Unlike forages, NFC can rapidly degrade in the
rumen and support rumen microbial growth, which plays a
crucial role in degrading fiber and protein [11]. Increasing
NFC uptake enhances volatile fatty acid (VFA) production
in the rumen, specifically propionate concentration, and
consequently enhances the available energy for rumi-
nant metabolism and production and decreases CH, [12].
However, disproportionate NFC uptake may lower rumi-
nal pH and lead to metabolic disorders, such as sub-acute
ruminal acidosis, in the long term [2,13].

A feeding strategy is necessary to improve nutrient utili-
zation by considering the protein and energy balance, such
as the RDP and NFC proportion in the feed ration. Although
both high RDP and NFC uptakes provide beneficial effects
on rumen fermentation, the nutrient group mechanisms
in the rumen are evidently contradictory to each other in
ruminants. Hence, the critical aspect in improving rumi-
nant production is maintaining a healthy ruminant while
efficiently reducing the environmental impact, where most
rumen microbial species and genera depend on these
two sources [11]. Evidence is needed to corroborate the
appropriate proportion of a combination of RDP and NFC
in feed ration and their effects on the rumen fermentation
profile, methane emission, and nutrient digestibility rates.
Therefore, this study aimed to determine the optimal pro-
portion of various combinations of RDP and NFC in a feed
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ration and their influence on rumen fermentation, feed
digestibility, gas production, and kinetics, and enteric CH,
through an in vitro study.

Materials and Methods
Ethical approval

The methodology for the present in vitro experiment
was approved by the Padjadjaran University Research
Committee. There is no need for any ethical approval, as no
living animals were harmed or used in these in vitro trials.

Experimental design, substrate, and treatments

Preparation of the in vitro study was obtained in the
Laboratory of Ruminant Nutrition and Feed Chemistry,
Department of Animal Nutrition and Feed Technology,
Faculty of Animal Science, Universitas Padjadjaran. The
present study used a combined diet composed of forage
bases such as elephant grass and Indigofera and several
agricultural by-products such as corn stalks, rice straw,
corn husks, ground corn, cassava, soybean meal, coco-
nut meal, palm meal, and tofu dregs with varying chemi-
cal compositions. Feed sources were dried at 60°C for 24
h before being milled into 1 mm particle size, then their
chemical composition following AOAC [14] analysis pro-
tocol, such as dried matter (DM; no. 934.01), ash (no.
942.05), crude fiber (CF; no. 978.10), crude protein (CP;
954.01), and ether extract (EE; no. 973.18), while RDP
and NFC of each feed source were determined through the
Tilley et al. [15] method. The percentage protein loss of the
incubated substrate was measured as protein degraded in
the rumen (RDP), while NFC is calculated using the follow-
ing formula: NFC = 100 - neutral detergent fiber - CP - EE
- ash. Information concerning the chemical composition of
feed materials used in the current experiment is listed in
Table 1.

Treatments used in the present study were grouped fol-
lowing the proportion of RDP and NFC, which consisted of
dietary ratio (Table 2). Each ration treatment was mixed
and formulated from the listed sources. All treatments
were balanced to the 65% total digestible nutrient (TDN)
value, with different RDP and NFC proportion combina-
tions in each treatment. The combination of balanced RDP
to NFC proportions ratio was 60% RDP: 35% NFC (P1,
1:3.65), 60% RDP: 40% NFC (P2, 1:4.17), 65% RDP: 35%
NFC (P3, 1:3.37), 65% RDP: 40% NFC (P4, 1:3.85), 55%
RDP: 39% NFC (P5, 1:5.06), and 55% RDP: 41% NFC (P6,
1:5.32). The diet balanced with 55%, 60%, and 65% of RDP
comprised 77, 96, and 104 gm/kg DM in the diet, respec-
tively. Meanwhile, 35%, 40%, and 41% of NFC consisted of
about 350, 400, and 410 gm/kg in the diet.
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Table 1. Nutrient composition of diet sources used in the in vitro experiment.

Feed source Nutrient composition (gm/kg DM)

DM Ash CF CcP EE TDN’ RDP™ NFC™
Elephant grass 929.5 130 308.6 130 26.1 571.7 713 42.2
Corn stalks 939.8 80.1 16.5 112.3 16.5 545.3 52.9 78.4
Rice straw 941.2 196.9 13.6 38 13.6 310.7 18.3 13
Corn husks 869.4 37.1 284.9 70.8 17.6 534.9 31.4 167.2
Indigofera 896.3 85.9 174.3 309.2 239 675.6 2259 348.7
Grounded corn 884.7 113.1 16.3 152.4 29.8 810.9 115.8 704.7
Cassava 892.8 35.3 30.9 323 19.5 676.9 15.9 912.9
Soybean meal 890 69.9 27.7 492.1 92.1 902.1 147.1 345.9
Coconut meal 935.5 78.9 131 78.5 145.9 793.2 54.5 696.7
Palm meal 962.8 36.7 313.2 193.4 90.8 616.1 116.1 679.1
Tofu dregs 936 25.7 214.3 203.8 21.4 694.9 151.0 758.4

CF = crude fiber, CP = crude protein, DM = dried matter, EE = ether extract, NFC = non-fiber carbohydrate, RDP = rumen degradable protein,
TDN = total digestible nutrient.

Table 2. Feed ingredients and chemical composition of dietary treatments used in the in vitro experiment.

Feed source Feed formulation among treatments (gm/kg DM)

P1 P2 P3 P4 P5 P6

Feed ingredients

Elephant grass 50 - 330 298.9 135.4 120
Corn stalks 243.4 207.5 - - 132.2 124.4
Rice straw 86.9 141.9 86.2 81.8 63.6 66.8
Corn husks 50 - - - 132.2 124.4
Indigofera 150 140 185.3 130 26 23.7
Grounded corn 236.4 169 350 285.1 118.6 113
Cassava - 17.7 - - 103.6 120
Soybean meal 43.7 67.5 - - 82.6 82.9
Coconut meal 121.3 173.6 353 37.3 156.3 149.6
Palm meal - - - 50 15 29.9
Tofu dregs 8.3 72.9 - 106.9 24.4 33.6
Mixed mineral 10 10 10 10 10 10

Chemicals composition (gm/kg DM)

DM 914.2 920.1 909.7 916.7 912.7 913.4
Ash 97.4 96.6 118.6 105.9 84.2 82.3
cP 160 160 160 160 140 140
CF 167.2 164 171.5 187.7 174.9 173.5
EE 39.9 47.2 29.9 32.8 47.4 47.5
oM 533.8 522.8 514.3 508.1 554.7 557.4

Potential degrading nutrient (%)

TDN 65 65 65 65 65 65
RDP 60 60 65 65 55 55
NFC 35 40 35 40 39 41

CF = crude fiber, CP = crude protein, DM = dried matter, EE = ether extract, NFC = non-fiber carbohydrate, RDP = rumen degradable protein,
TDN = Total digestible nutrient.
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The in vitro experiment was conducted through batch
culture incubation following the Theodorou et al. [16] tech-
nique following the modified protocol prepared by Yanza
et al. [17] with some development. In brief, about 500 mg
of dietary ration and 50 ml of mixed buffered rumen fluid
were used in each bottle and fermented in 100 ml bottles
for 24 h. The study was performed in a 6 x 5 (treatment x
bottle) experimental design, trialed in triplicates on three
consecutive days (one replicate was done for one day), fol-
lowed by two bottles consisting of buffered rumen fluids
with no dietary treatments as blank samples.

Preparation and rumen in vitro batch culture incubation

Fresh rumen fluid was collected from a slaughterhouse of
six commercial Brahman Angus bulls (two different bulls
were slaughtered for each incubation), whereas cattle had
been previously fed with commercial total mixed ratio
(TMR) diets. Rumen fluid from each cattle was taken from
the upper, middle, and lower parts of the rumen and fil-
tered through four layers of cheesecloth into a 1.5 1 vac-
uumed flask maintained at 39°C. Those vacuumed flasks
filled with rumen fluid were then transferred to the lab-
oratory, towed at a 39°C water bath, and mixed with the
previously prepared McDougall buffer. Approximately 400
ml of rumen fluids from both vacuum flasks were mixed in
a 2 1 glass beaker and diluted with 1,600 ml of McDougall
buffer (9.8 gm NaHCOs3, 4.65 gm Na,HPO,-2H,0, 0.57 gm
KCl, 0.47 gm NaCl, 0.12 gm MgS0,:7H,0, and 0.04 gm CaCl,
per liter of buffer). The mixed buffered rumen fluid flowed
with CO, gas before each 50 ml of buffered rumen fluid
was transferred into the 100-ml fermenter bottle filled
with a 500 mg dietary experimental ration. Moreover, the
bottle was sealed with rubber and brass sealer and put
into a batch incubator set to a 39°C temperature. After 24
h of incubation, the fermented bottles were then opened,
and buffered rumen fluid from each bottle was prepared
for analysis, such as rumen fermentation profile, microbial
population, and digestibility after 24 h of incubation.

Analysis of microbial population, rumen
fermentation profile, and digestibility

Rumen pH was measured directly after the opened fermen-
ter bottle using a pH meter (Hanna Instruments, HI98191,
Romania). The supernatant in each fermenter bottle was
poured into a 50 ml Falcon flask that was arranged for
collecting samples before analysis. Approximately 1 ml of
buffered rumen fluid supernatant was collected for count-
ing the protozoa under a light microscope (Zeiss, type
Primo Star no. 5, Jena, Germany). Protozoa were counted
using a drop of fermented ruminal fluid (1 ml) and 3.7 %
formalin (6 ml) using a similar microscope.

The protozoa were counted according to the protocol
described by Yanza et al. [17] with modified and defined
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measurements, 10 pl for Entodiniiae and 100 pl for
Isotricha and Duplodiniiae. Meanwhile, the total bacteria
population was obtained using Thoma chambers (0.02 mm
depth, BlauBrand, Wertheim, Germany) using a 20 pl drop
of fermented ruminal fluid and 6,980 pl of Hayem solution.
Approximately 10 pl of mixed buffered rumen fluid-Hayem
solution was put in the arranged Thoma chambers covered
with glass and microscopically counted as Cieslak et al. [18]
showed. Some amounts of the supernatant were collected
for NH; concentration analysis through Conway et al. [19]
and for the VFA analysis gas chromatography (GC-14A,
Shimadzu Corporation, Japan, Tokyo) fitted with a flame
ionization detector (FID). The remaining supernatant was
added with three drops of HgCl, and then incubated for 24
h (39°C) in a water bath and filtered through filter paper to
determine the digestibility rate from the fermentation res-
idue [17]. The percentage of weight loss of the incubated
substrate after correction of residual weight and blank was
measured as digestibility.

Measurement of total gas production (TGP), enteric
methane, and gas kinetics

The gas production was measured every 2 h using a 10
ml syringe with a 0.1 mm needle injected into the rubber
part of the sealed bottle during 24 h in vitro incubation
and collected into the vacuumed and sealed 100 ml bottle.
The 24-h recording of each bottle of gas production was
summarized for the TGP, while the gas kinetics data were
analyzed following an exponential formula [20]. Moreover,
about 5 ml of the total gas was taken and collected in a 5
ml Vacutainer for methane concentration measurement.
The methane analysis used the Shimadzu 8A GC with a FID
following the Haryati et al. [21] procedure.

Statistical analysis

The gas kinetics data from each sample was analyzed sta-
tistically through the mathematical model described by
@rskov et al. [20] as follows:

p=a+b(1-e-ct)

where p is gas accumulation at the t-period; a is gas pro-
duction of the rapidly degraded fraction; b is gas produc-
tion of the slowly degraded fraction; e is the exponential
factor; c is the coefficient value; and t is the period of fer-
mentation at time (h). All data were analyzed using SPSS
(v. 29).

All data were then statistically analyzed through one-
way ANOVA using PROC MIXED procedures of SAS soft-
ware (SAS on demand for academics, online version),
in which dietary groups were considered a fixed factor
and days of incubation were considered a random factor.
Moreover, means between groups were calculated through
the LSMEANS protocol, and the SEM value was also shown
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in each analyzed parameter. Once dietary groups in an
observed parameter were obtained (p < 0.05 or 0.05 <p <
0.10), between-group differences were declared as signifi-
cant or tending to be differences, respectively, followed by
the Tukey post-hoc test to determine the range of differ-
ences between experimental groups.

Results

In the in vitro study, we investigated the effect of differ-
ent dietary groups on organic digestibility rate, microbial
populations, and gas production during a 24-h incubation.
The results showed that the P3 and P4 dietary groups had
significantly higher organic digestibility rates (IVOMD)
than the P2 and P5 groups (p = 0.01; Table 3). However, all
dietary groups had similar in vitro dry matter digestibil-
ity rates and pH values. Although it showed similar values
to P3 and P4, the P1 group also showed a higher IVOMD
rate than the P5 group. Moreover, the P1, P2, P3, and P4
groups obtained a higher ruminal fluid NH; concentration
than the P5 group (p < 0.01). Alower NH3 concentration in
ruminal fluid was also shown in the P6 group compared to
the P1, P2, and P3 groups but had no significant difference
with the P4 dietary group. There is no significant difference
between experimental groups concerning VFA propor-
tions such as acetate, propionate, iso-butyrate, butyrate,
iso-valerate, and valerate. The acetate:propionate ratio
also revealed no significant differences. However, the P1
and P4 groups produced the highest total VFA concentra-
tion in the fermented ruminal fluid compared to the P2 and

P5 dietary groups but similar to the P1 group (p < 0.01).
Moreover, P4 had a higher VFA concentration than the P3
and P6 dietary groups.

Concerning the microbial populations (Table 4), the P1
dietary group obtained the highest population, and the
P5 dietary group received the lowest (p < 0.01; Table 4).
However, the P3 group was higher than P5 and P6, but the
P2 and P4 groups were only more elevated than the P5
groups. Meanwhile, no significant difference was obtained
between dietary groups concerning total protozoa and
the Entodiniiae population. However, the Isotricha and
Duplodiniiae populations were higher in the P3 group
than in all other dietary groups (p < 0.01). Moreover, the
P1 and P4 groups had higher Holotricha populations than
the P2 and P6 groups, and the Duplodinium population
of the P1 and P4 groups was higher than that of the P2
group.

The gas production of each dietary group was recorded
every two hours during the 24-h incubation period. The
results (Table 5) showed that the TGP significantly var-
ied among dietary groups, with the P6 group showing the
highest TGP, while the P1 and P2 groups had the lowest
(p < 0.01). Similarly, when expressed as TGP/in vitro DM
digestibility (IVDMD) and TGP/IVOMD, the P6 group had
the highest gas production, while the P1 and P2 groups had
the lowest. However, the P3 and P4 groups showed varied
results (p < 0.01). The P3 and P6 groups were higher than
the P6 group when expressed as TGP/DM substrate (DMs),
while the P1 and P2 groups had the lowest (p < 0.01).
There were no significant differences concerning the CH,

Table 3. Rumen fermentation profile after 24h fermentation in vitro.
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Observed parameters P1 P2 P3 P4 P5 P6 SEM p value
In vitro digestibility
IVDMD (%) 66.64 64.76 69.65 68.77 65.07 66.92 0.99 0.16
IVOMD (%) 72.21%*® 68.90° 73.22° 72.84° 67.26° 70.40% 0.58 0.01
Fermentation profile
pH 6.98 6.98 6.97 6.95 6.98 6.97 0.01 0.14
NH, (mM) 6.20° 6.00° 6.312 5.74% 4.47¢ 4,78 0.22 <0.01
Total VFA (mM) 163.0* 127.0¢ 158.2° 184.0° 134.1¢ 160.2° 4.05 <0.01
VFA proportion (%)
Acetate 55.82 64.49 64.65 65.36 63.60 61.16 1.92 0.72
Propionate 23.38 19.03 20.04 20.35 18.80 19.50 0.84 0.68
Iso-butyrate 2.22 1.76 2.07 1.537 1.902 1.86 0.17 0.78
Butyrate 13.3 111 9.77 9.81 12.12 13.5 0.75 0.55
Iso-valerate 3.28 241 2.32 1.939 2.441 2.78 0.24 0.53
Valerate 2.03 1.31 1.22 1.069 1.201 1.29 0.14 0.35
Acetate: Propionate 2.61 3.8 3.41 3.425 3.783 3.32 0.24 0.77

IVDMD: in vitro dried matter digestibility; IVOMD = in vitro organic matter digestibility; NH,: ammonia production; VFA: volatile fatty acids.

3¢ Means with different superscript letter in the same column showed statistically different at p < 0.05.
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Table 4. Rumen microbial population after 24 h fermentation in vitro.

Observed parameters P1 P2 P3 P4 P5 P6 SEM p value
Microbial population
Bacteria population(10%/ml) 26.38° 17.23% 18.5° 16.14% 12.51¢ 13.81« 1.39 <0.01
Protozoa population (10°/ml) 89.95 98.37 99.01 100.10 103.20 93.45 5.61 0.17
Isotricha (10°/ml) 0.09* 0.03¢ 0.12° 0.07° 0.04¢¢ 0.02¢ 0.01 <0.01
Duplodiniiae (10°/ml) 1.22° 0.96¢ 1.63° 1.39° 1.09 1.15°¢ 0.04 <0.01
Entodiniiae (10°/ml) 88.6 97.4 97.3 98.63 102.1 92.3 5.60 0.16
®cMeans with different superscript letter in the same column showed statistically different at p < 0.05.
Table 5. Gas production and kinetics after 24h rumen fermentation in vitro.
Observed parameters P1 P2 P3 P4 P5 P6 SEM p value
Gas production
TGP (ml) 67.26° 69.87¢ 82.69* 82.01* 77.15° 84.56° 1.16 <0.01
TGP/ DMs (ml/gm) 148.9¢ 146.5° 177.1° 172.9% 164.8° 180.9° 2.37 <0.01
TGP/IVDMD (ml/gm) 223.9° 228.2¢ 248.4% 252.4%¢ 277.8* 282.2% 5.31 <0.01
TGP/IVOMD (ml/gm) 214.6" 206.6¢ 238.7° 239.5° 241.0° 270.4° 5.56 <0.01
CH, (mM) 7.38 7.64 7.60 7.44 7.74 8.40 0.13 0.14
CH4/TGP (mM/ml) 0.051° 0.055° 0.044° 0.043° 0.047% 0.047% 0.001 0.02
CH,/DMs (mM/gm) 15.86 15.96 16.34 15.68 16.48 17.97 0.29 0.12
CH,/IVDMD (mM/gm) 24.57% 26.28% 23.90® 23.33® 27.52% 27.76% 0.76 0.06
CH4/IVOMD (mM/gm) 22.49° 23.93% 22.61° 21.62° 23.72%¢ 26.08* 0.51 0.07
Gas kinetics
a -0.58 -2.20 -1.94 -0.96 -1.25 -1.30 5.61 0.25
b 177.0%* 117.8° 212.0° 164.8%* 129.1% 152.7°¢ 0.26 0.01
a+b 176.4% 115.8° 210.0° 163.4%¢ 127.8% 143.7°%¢ 10.2 0.01
c 0.11 0.06 0.03 0.04 0.05 0.05 9.74 0.29

a = gas produced immediately by soluble fraction, a+b = potential extent of gas production, b = gas produced by insoluble fraction, ¢ = constant rate of gas
production of insoluble fraction, DMs = dried matter substrate, CH, = methane production, IVDMD = in vitro dried matter digestibility, VOMD = in vitro

organic matter digestibility, TGP = total gas production.

acMeans with different superscript letter in the same column showed statistically different at p < 0.05.

concentration expressed in mM. However, the P3 and P4
groups were significantly lower in methane expressed in
CH4/TGP (p = 0.02) and tended to be lower in CH,/IVDMD
(p = 0.06) and CH,/IVOMD (p = 0.07) than the P1 and P2
groups.

Additionally, the produced gas of soluble fraction (a)
and constant rate of insoluble fraction (c) of gas kinet-
ics parameters of incubated ruminal fluid among dietary
groups were not significantly different. However, the
produced gas of insoluble fraction (b) and the potential
extent of gas production (a+b) showed the highest results
in the P3 group compared to the P2, P5, and P6 groups,
where the P1 group was also higher than the P2 group (p
=0.01).
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Discussion

Digestibility, rumen fermentation profile, and microbial
population

A feeding strategy that balances energy and protein utiliza-
tion is critical to improving feed utilization efficiency while
enhancing ruminant productivity. The primary digestive
process in ruminants involves microbes in the rumen, a
chamber where fermentation is initiated. Ingested feed
nutrients in the rumen are broken down from large par-
ticles into smaller particles; hence, available nutrients
may rapidly integrate into further metabolic processes
[22]. NFC and RDP are known for their readily and rapidly
degraded nutrients in the rumen and discharged read-
ily available nutrients; either can be utilized to support
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ruminal microbes‘ perseverance during the fermentation
process or provide certain fermentation products such
as NHj3 from protein and VFA, mostly from carbohydrates
[11].

Although the TDN of each trialed dietary group was
balanced at 65%, the RDP and NFC proportions among
dietary groups were varied and showed a different effi-
ciency in degrading organic compounds during fermenta-
tion. In the present study, the organic particles of the P1,
P3, and P4 dietary groups were efficiently digested. The
increased organic digestibility to those dietary groups also
aligned with the enhanced NH, and VFA concentration.
However, ruminal pH values among dietary groups were
similar. It indicates that the various combinations of RDP
and NFC proportion were maintained in the ruminal envi-
ronment during fermentation, which is essential for micro-
bial growth activity [23].

The NH3z concentration ranged from approximately
4.47-6.20 mM. The present NH, results were lower than
the Rosmalia et al. [11] findings, who had also studied the
balance proportion of RDP (50%-60%) and NFC (30%-
40%) and obtained approximately 7.59-8.09 mM NH, con-
centration. The present NH, results for P1, P2, P3, and P4
dietary groups were still in the normal ranges, although
P5 and P6 groups produced lower than the recommended
value (<5 mM). The high RDP proportion increases nitro-
gen availability in the rumen, which is strongly associated
with increased MPS. Unfortunately, MPS was not observed
in the present study. Notwithstanding the evidence, the
enhanced NH; concentration in the present research
emphasizes the value of nitrogen availability in microbial
growth and fermentation processes [24].

The highest VFA production in the P4 group was noticed
as the combination of high RDP and NFC diets (65% and
40%, respectively). Moreover, although lower than the
P4, the P1, P3, and P6 dietary groups also had higher VFA
concentrations than others (P2 and P5 groups). This evi-
dence implies that a higher RDP and NFC combination
modulated ruminal microbial activity more efficiently and
enhanced VFA concentration [25]. This finding was aligned
with Putri et al. [8], who suggested that a proper RDP and
NFC balance may optimize nutrient utilization by ruminal
microbes during fermentation. However, there is a similar-
ity in partial VFA proportion and A:P ratio among dietary
groups. Various dietary compositions by different feed
sources in the TMR also need to be considered because of
different modes of action in stimulating different microbial
genera.

On the contrary, the highest total bacteria population
was shown by the P1 dietary group (60% and 35% of RDP
and NFC, respectively), regardless of the similar P2, P3,and
P4 total bacteria populations that were still higher than
the P5 and P6 dietary groups. This result may indicate that
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various RDP and NFC proportions lead to changes in the
total VFA production without necessarily altering the rel-
ative proportions of individual VFAs (acetate, propionate,
butyrate) or the A:P ratio. However, no MPS was observed
in the present study. Nevertheless, a similar pH value indi-
cates a stable rumen environment among treatments, sup-
porting the ruminal microbes to optimize the fermentation
efficiency in producing individual VFAs [26].

The optimum microbial activity was shown by a combi-
nation of high RDP and NFC -proportioned dietary groups
regarding their [IVOMD fermentation rate, NH;, and VFA
production. It can be suspected that high NFC and RDP
uptake can stimulate rumen microbes to enhance fibrous
and protein digestion in the rumen as well as provide
the available N for rumen microbial growth; thus, rumen
microbes such as protozoa and bacteria populations in the
present study were increased [27].

An appropriate combination of high RDP and NFC may
improve the ENU by using dietary carbohydrates as a fer-
mentable energy source for diverse ruminal microbes.
Thus, the ruminal fermentation of carbohydrates is
adapted to ruminal protein degradation [4]. Our findings
may relate to Putri et al‘s [28] results, which reported an
enhancement in VFA concentration (62%), NH, concen-
tration (161%), and rumen digestibility (28%) after 24 h
in vitro batch culture fermentation by the increased pro-
portion of NFC (65%-70%) and RDP (55%-65%). Hence,
non-structural carbohydrates and available nitrogen were
modified during fermentation in the rumen and enhanced
VFA production, such as acetate and propionate produc-
tion, through the degradation of carbohydrate structures.
However, no specific bacteria were observed in the present
study.

Even though it is worth noticing that diverse microbial
species, including cellulolytic and proteolytic bacteria,
grow in the rumen, contributing to energy and protein
degradation. For instance, Butyrivibrio fibrisolvens, S. bovis,
and other cellulolytic bacteria, as well as the protozoa,
deteriorate plant polysaccharides and proteins to produce
VFA, peptides, and NH; [29]. Furthermore, produced NH;
and peptides provide essential nutrients for other rumen
bacteria genera for biosynthesis and growth by assimilat-
ing available nitrogen through glutamate and glutamine
pathways, synthesizing them, and determinately increas-
ing the microbial biomass [30]. These metabolic pathways
provide synergistic action between microbial species and
genera that may improve nutrient utilization in the rumen.

In the present study, various combinations of NFC and
RDP proportion had a lesser impact on total protozoa pop-
ulations, neither in Entodiniiae protozoa. However, the
highest activity was determined in specific protozoa, i.e.,
[sotricha and Duplodiniiae, emphasized by the selective
influence of P3 dietary groups with a combination of high
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NFC (65%) and lower RDP (35%). Such evidence may indi-
cate that the high NFC proportion influenced the increased
Isotricha and Duplodiniiae populations in the ration, in
which those microbes constrained the degradation activity
of feed components consisting of highly degradable carbo-
hydrates [31].

Gas production, gas kinetics, and enteric CH4

The gas production (Table 5) was also depicted with gas
production dynamics in Figure 1 that may reflect the
influence of the dietary combination of RDP and NFC pro-
portion on rumen fermentation kinetics and gas output.
Combinations of RDP and NFC proportion from the P6
dietary group exhibited the highest TGP (TGP/DMs) com-
pared to others, notified as the lowest RDP and the highest
NFC (55% and 41%, respectively). Meanwhile, the lowest
gas production was found in the P1 dietary group, with
higher RDP than P6 (60% and 35%) and P2 (60%:40%).
The present results indicated that the different NFC pro-
portions in the ration could affect the various gas pro-
ductions. As the gas production indicates the pattern of
feed fermentation by rumen microbes, enhanced readily
degradable carbohydrates also align with the increased

gas production in the rumen [32]. Additionally, the balance
between the RDP and NFC content could increase protein
degradation by microbes, thereby promoting microbial
growth [11,25]. Such evidence was also alienated from the
present gas kinetics (a+b) results on similar dietary groups
but did not significantly affect the gas production rate (c).
Differences in gas kinetics could also be indicated by the
modulation of rumen microbial activity, leading to changes
in the digestibility value of various easily soluble fractions
in the feed [33]. However, the existence of easily soluble
carbohydrates that would be rapidly converted into gas,
increasing TGP, might also represent the increased meth-
anogenesis process by rumen microbes in yielding CH,
during fermentation [18]. Enteric CH, may rise due to the
increased NDF and hemicellulose content as it alters the
proportion of acetic acid, which produces hydrogen (H;) as
a substrate in the methanogenesis reaction [34].

In the present study, dietary groups with high RDP
(65%), such as the P3 and P4 groups, showed an inhibi-
tion of CH, when expressed in CH4/TGP, CH4/IVDMD, and
CH,/IVOMD. However, the P1 dietary group also showed
a lower enteric CH, when expressed as CH,/IVOMD. This
evidence suggests that the fibrous and carbohydrate
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Figure 1. Gas fermentation flows from different RDP to NFC ratio of 24 h in vitro incubation.
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components rapidly degrade in the rumen but do not
directly go through the methanogenesis pathways. Thus,
enteric CH, was inhibited.

Degraded fibrous and carbohydrate compounds mostly
involve fibrinolytic bacteria, protozoa, and methano-
genic archaea, in which converted feed cell wall polysac-
charides into VFAs are also followed by the production
of COo, and free H, in the rumen. Further, the free H, is
primarily utilized by methanogenic bacteria to produce
CH,4 [35]. In the present study, the presence of high RDP
inferred methanogenesis through rumen fermentation
and microbial interactions. Accordingly, in vitro, CH, was
reduced by approximately 23% when expressed as CH,/
TGP and reduced by approximately 15% and 17% when
expressed as CH,/IVDMD and CH,/IVOMD, respectively.
Previous studies confirmed that a high RDP proportion
in feed rations is committed to enhancing the growth and
activity of certain rumen microbes that utilize NHz more
efficiently for protein synthesis [28]. This process can lead
to a shift in fermentation end products, where free H, is
shifted into the propionic production pathway, potentially
favoring production over acetate [36]. Hence, the limited
availability of free H, consequently diminished the activity
of methanogens in producing CH, [37].

However, no methanogens were observed in the pres-
ent study. Nevertheless, the increase in rumen-degradable
protein can stimulate the growth of specific microbial pop-
ulations that are less methane-producing or even meth-
ane-consuming. Sahroni et al. [38] found that rations with
a higher RDP ratio increased the population of bacteria and
protozoa while providing a higher supply of VFAs, demon-
strating how RDP influences fermentation pathways and
end-product formation. Thus, alterations of microbial
activity in the rumen ecosystem, driven by the availabil-
ity of different nitrogen sources, could decrease methane
emissions.

Nevertheless, although high RDP (65%) alters rumi-
nal NH; production, the variability in dietary composition
may have influenced the dynamics of rumen microbes effi-
ciently utilizing nitrogen [39]. The absence of results such
as MPS and methanogen populations in the present study
may limit the current understanding of specific microbial
interactions regarding the influence of RDP and NFC on the
dynamics of rumen microbial activity and methanogenesis
processes. Therefore, it is recommended that future stud-
ies assess the dynamic rumen environment by incorporat-
ing an in vivo approach to validate the interaction between
the balance of RDP and NFC with rumen microbial dynam-
ics, potentially leading to more effective strategies for
mitigating methane emissions while improving ruminant
production.
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Conclusion

It can be concluded that a combination of high RDP (65%)
and NFC (40%) proportions influences in vitro rumen
fermentation parameters such as total VFA and NH, con-
centration. The dietary combination of high RDP and NFC
proportion also positively affected total bacteria and pro-
tozoa activity, particularly Isotrichae and Duplodiniiae,
consequently increasing the organic digestibility. Although
gas production and various results of gas kinetics were
found in the present in vitro study, ruminal enteric CH, was
reduced when dietary feed consisted of a combination of
high RDP with low NFC proportion (65% of RDP and 35%
and 40% of NFC, respectively).
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