Supplementary Table S1. Ingredient composition of individual feeds and dietary treatments used in the in vitro digestibility experiment (% of dry matter, DM).
	Item
	Oat hay
	Pellet concentrate
	HC
	CON
	HF

	Dry matter
	91.56
	89.19
	89.90
	90.38
	90.85

	Crude protein
	3.55
	16.20
	12.41
	9.88
	7.35

	Crude fat
	2.15
	4.08
	3.50
	3.12
	2.73

	Crude fiber
	27.40
	8.66
	14.28
	18.03
	21.78

	Crude ash
	5.02
	6.95
	6.37
	5.99
	5.60

	Calcium
	0.09
	1.22
	0.88
	0.66
	0.43

	Phosphorus
	0.09
	0.65
	0.48
	0.37
	0.26

	ADF
	30.87
	13.23
	18.52
	22.05
	25.58

	NDF
	54.17
	31.10
	38.02
	42.64
	47.25


HC, high-concentrate group; CON, control group; HF, high-forage group; ADF, acid detergent fiber; NDF, neutral detergent fiber
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Supplementary Table S2. Diet effects on volatile fatty acid (VFA) concentration and profiles after 24 h of incubation.
	Item
	Diet
	Pooled
SEM
	p-value

	
	HC
	CON
	HF
	
	Diet
	Linear
	Quadratic

	Total VFA (mM)
	103.66A
	102.38A
	98.31B
	0.096
	<0.001
	<0.001
	0.135

	A:P ratio
	2.93B
	2.99A
	2.99A
	0.080
	<0.001
	<0.001
	0.703

	Acetate (%)
	60.44B
	61.29A
	61.13A
	0.019
	<0.001
	<0.001
	<0.001

	Propionate (%)
	20.64
	20.48
	20.45
	0.002
	0.231
	0.117
	0.507

	Isobutyrate (%)
	1.16A
	1.14B
	1.15A
	0.046
	<0.001
	0.296
	<0.001

	Butyrate (%)
	13.16A
	12.65B
	12.73B
	0.008
	<0.001
	<0.001
	<0.001

	Isovalerate (%)
	2.22A
	2.14B
	2.13B
	0.016
	<0.001
	<0.001
	<0.001

	Valerate (%)
	2.40A
	2.31B
	2.41A
	0.096
	0.003
	0.693
	<0.001


A-C: significant differences (p ≤ 0.05) among diet treatments. 
HC, high-concentrate group; CON, control group; HF, high-forage group; Total VFA, total volatile fatty acid concentration; A:P ratio, acetate to propionate ratio; Pooled SEM, pooled standard error of the mean; Diet, diet effect after 24 h of incubation (F:C ratio)
	Supplementary Table S3. Cell counts of ruminal ciliate genera ( 103/mL) of original inoculum

	Genus
	Diplodinium
	Entodinium
	Isotricha
	Dasytricha
	Total ciliates

	Original inocula
	12.42
	158.69
	6.52
	1.72
	179.35



Supplementary Table S4. Sample information and sequencing statistics of 16S rRNA gene amplicon sequencing variants.
	Sample ID
	Diet
	Ciliate fraction
	No. of input single reads
	Quality filtered reads
	Denoised reads
	Chimera-filtered reads
	Taxa-filtered*

	A04
	CON
	TB
	86,507
	47,205
	27,733
	27,662
	27,631 

	A05
	CON
	TB
	82,001
	44,336
	25,499
	25,499
	25,499 

	A06
	CON
	TB
	92,923
	50,434
	30,349
	30,296
	30,288 

	A07
	CON
	TB
	92,170
	49,911
	30,450
	30,450
	30,450 

	A08
	CON
	TB
	92,321
	50,040
	30,619
	30,619
	30,619 

	A09
	HC
	TB
	95,818
	52,102
	32,714
	32,714
	32,714 

	A10
	HC
	TB
	93,085
	50,624
	31,638
	31,638
	31,609 

	A11
	HC
	TB
	90,068
	49,292
	30,319
	30,319
	30,319 

	A12
	HC
	TB
	95,262
	51,740
	32,254
	32,254
	32,254 

	A13
	HC
	TB
	86,636
	47,043
	27,476
	27,476
	27,476 

	A14
	HF
	TB
	101,862
	55,373
	35,081
	34,932
	34,915 

	A15
	HF
	TB
	107,932
	58,822
	37,003
	37,003
	36,969 

	A16
	HF
	TB
	99,422
	54,087
	33,588
	33,588
	33,588 

	A17
	HF
	TB
	95,319
	51,847
	31,718
	31,718
	31,683 

	A18
	HF
	TB
	101,056
	55,179
	34,568
	34,543
	34,491 

	E03
	CON
	EAB
	86,136
	47,008
	36,980
	36,941
	36,941 

	E04
	CON
	EAB
	88,305
	48,707
	39,090
	39,090
	29,660 

	E05
	CON
	EAB
	87,888
	48,273
	38,448
	38,448
	38,448 

	E06
	CON
	EAB
	86,357
	47,077
	37,180
	37,067
	37,036 

	E07
	CON
	EAB
	83,876
	46,252
	37,058
	37,058
	37,036 

	E08
	HC
	EAB
	84,646
	46,295
	36,847
	36,847
	36,797 

	E09
	HC
	EAB
	85,007
	47,139
	40,027
	40,014
	7,761 

	E10
	HC
	EAB
	80,566
	44,156
	33,959
	33,959
	33,905 

	E11
	HC
	EAB
	86,650
	47,426
	37,667
	37,667
	37,623 

	E12
	HC
	EAB
	87,384
	47,901
	37,825
	37,809
	37,760 

	E13
	HF
	EAB
	83,978
	46,091
	36,073
	36,073
	36,073 

	E14
	HF
	EAB
	91,629
	50,379
	39,658
	39,658
	39,630 

	E15
	HF
	EAB
	96,114
	54,274
	46,769
	46,756
	7,153 

	E16
	HF
	EAB
	83,400
	45,575
	35,672
	35,672
	35,633 

	E17
	HF
	EAB
	86,257
	47,414
	37,862
	37,862
	37,837 

	I03
	CON
	IAB
	92,961
	51,364
	38,980
	38,980
	30,730 

	I04
	CON
	IAB
	83,582
	46,450
	34,842
	34,842
	24,123 

	I05
	CON
	IAB
	99,698
	55,224
	42,814
	42,791
	27,434 

	I06
	CON
	IAB
	80,046
	44,749
	34,350
	34,350
	16,220 

	I07
	CON
	IAB
	76,564
	42,378
	33,137
	33,137
	21,703 

	I08
	HC
	IAB
	81,023
	45,012
	35,713
	35,700
	18,112 

	I09
	HC
	IAB
	82,165
	45,709
	35,539
	35,539
	22,180 

	I10
	HC
	IAB
	87,932
	49,216
	38,879
	38,879
	22,364 

	I11
	HC
	IAB
	102,783
	57,507
	48,874
	48,856
	13,261 

	I12
	HC
	IAB
	75,071
	42,066
	33,103
	33,096
	27,631 

	I13
	HF
	IAB
	78,699
	44,238
	35,426
	35,426
	25,499 

	I14
	HF
	IAB
	100,784
	56,703
	47,280
	47,255
	30,288 

	I15
	HF
	IAB
	77,706
	43,724
	34,929
	34,923
	30,450 

	I16
	HF
	IAB
	72,240
	40,595
	33,068
	33,050
	30,619 

	I17
	HF
	IAB
	58,915
	32,879
	26,718
	26,718
	32,714 


* Amplicon sequencing variants (ASVs) identified as “Cyanobacteria”, “mitochondria”, “chloroplast”, and “Pseudomonas” were filtered out.
HC, high-concentrate group; CON, control group; HF, high-forage group; TB, total bacteria; EAB, small entodinia -associated bacteria; IAB, Isotricha-associated bacteria.

Supplementary Table S5. Number of KEGG orthologs and pathways among diet and Ciliate fraction groups after 24 h of incubation.
	Diet

	Item
	KEGG pathway
	KEGG ortholog

	HC
	86
	3,717

	CON
	86
	3,645

	HF
	83
	3,535

	Pooled SEM
	19.83
	1,262.62

	p-value
	Diet
	0.7672
	0.7089

	
	Linear
	0.5244
	0.6200

	
	Quadratic
	0.7295
	0.5087

	Ciliate fraction (CF)

	Item
	KEGG pathway
	KEGG ortholog

	TB
	94A
	4,232A

	EAB
	77C
	3,411B

	IAB
	84B
	3,254B

	Pooled SEM
	921.15
	1,148.77

	p-value
	<0.0001
	<0.0001

	Diet  CF

	Item
	KEGG pathway
	KEGG ortholog

	p-value
	0.2657
	0.3216


A-C: significant differences (p ≤ 0.05) among groups. 



[bookmark: _Hlk165447543]Diet, diet effect after 24 h of incubation (F:C ratio); CF, ciliate fraction effect after 24 h of incubation for microbiome; Diet  CF, interaction effect of diet and ciliate fraction effect; TB, total bacteria; EAB, small entodinia-associated bacteria; IF, Isotricha-associated bacteria; HC, high-concentrate group; CON, control group; HF, high-forage group; Pooled SEM, pooled standard error of the mean.
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Supplementary Table S6. The top five genera of each diet group and each ciliate fraction group.
	Diet
	1st
	2nd
	3rd
	4th
	5th

	
	Phyla

	HC
	Bacillota (50.58%)
	Bacteroidota (41.96%)
	Pseudomonadota (1.77%)
	Cyanobacteria (1.49%)
	Spirochaetota (1.35%)

	CON
	Bacillota (51.33%)
	Bacteroidota (41.70%)
	Pseudomonadota (1.83%)
	Cyanobacteria (1.39%)
	Elusimicrobiota (1.02%)

	HF
	Bacillota (53.45%)
	Bacteroidota (39.13%)
	Pseudomonadota (1.65%)
	Spirochaetota (1.32%)
	Cyanobacteria (1.20%)

	Genera

	HC
	Rikenellaceae RC9 gut group (25.51%)
	Oxcillospiraceae NK4A214 group (10.05%)
	Prevotella (5.12%)
	[Oscillospirales] UCG-010 (4.98%)
	Christensenellaceae R-7 group (4.63%)

	CON
	Rikenellaceae RC9 gut group (26.67%)
	Oxcillospiraceae NK4A214 group (8.94%)
	[Oscillospirales] UCG-010 (4.90%)
	Prevotella (4.56%)
	Christensenellaceae R-7 group (4.42%)

	HF
	Rikenellaceae RC9 gut group (23.25%)
	Oxcillospiraceae NK4A214 group (9.31%)
	[Oscillospirales] UCG-010 (5.60%)
	Prevotella (5.41%)
	Christensenellaceae R-7 group (3.89%)

	Group
	1st
	2nd
	3rd
	4th
	5th

	
	Phyla

	TB
	Bacillota (55.93%)
	Bacteroidota (34.57%)
	Pseudomonadota (3.78%)
	Verrucomicrobiota (1.61%)
	Fibrobacterota (1.06%)

	EAB
	Bacteroidota (51.99%)
	Bacillota (45.66%)
	Cyanobacteria (1.85%)
	Spirochaetota (0.27%)
	Pseudomonadota (0.16%)

	IAB
	Bacillota (53.77%)
	Bacteroidota (36.24%)
	Spirochaetota (2.44%)
	Elusimicrobiota (2.25%)
	Cyanobacteria (1.59%)

	Genera

	TB
	Rikenellaceae RC9 gut group (13.55%)
	Oxcillospiraceae NK4A214 group (8.68%)
	Prevotella (7.79%)
	Christensenellaceae R-7 group (6.28%)
	Succiniclasticum (6.19%)

	EAB
	Rikenellaceae RC9 gut group (40.38%)
	[Oscillospirales] UCG-010 (12.86%)
	Oxcillospiraceae NK4A214 group (10.59%)
	Christensenellaceae R-7 group (4.33%)
	Oscillospiraceae UCG-005 (3.45%)

	IAB
	Rikenellaceae RC9 gut group (21.49%)
	Oxcillospiraceae NK4A214 group (9.03%)
	Prevotella (6.38%)
	Butyrivibrio (6.15%)
	Saccharofermentans (5.02%)


TB, total bacteria; EAB, small entodinia-associated bacteria; IF, Isotricha-associated bacteria; HC, high-concentrate group; CON, control group; HF, high-forage group.

	Supplementary Table S7. Quantitative real-time PCR analysis showing absolute abundance of total bacteria (log copy number) and relative abundance of Ruminococcus flavefaciens and Butyrivibrio fibrisolvens in sample derived DNA of each ciliate fraction group.

	Sample
	TB_SDD
	EAB_SDD
	IAB_SDD

	Total bacteria (log copy number)
	9.39 (0.034)
	7.86 (0.005)
	6.38 (0.014)

	Ruminococcus flavefaciens (RA, % of total bacterial copy number)
	0.81 (0.147)
	0.21 (0.058)
	2.59 (0.149)

	Butyrivibrio fibrisolvens (RA, % of total bacterial copy number)
	2.63 (0.121)
	0.89 (0.121)
	13.64 (0.854)


Values are expressed as mean (standard deviation). A–C, Means (n = 3) within a row followed by different superscripts indicate significant differences among ciliate fraction groups (p ≤ 0.05).
TB, total bacteria; EAB, small entodinia -associated bacteria; IAB, Isotricha-associated bacteria; SDD, sampled derived DNA; RA, relative abundance.

Supplementary Table S8. Differentially abundant major* bacterial phyla, genera, species, and KEGG pathways by diet analyzed by MaAsLin2 (q ≤ 0.05).
	Major bacteria

	Phyla

	Taxa
	Relative abundance (%)
	Pooled SEM
	Coefficient for increasing F:C ratio

	
	HC
	CON
	HF
	
	

	Bacillota
	50.58
	51.33
	53.45
	3.11
	0.09

	Fibrobacterota
	0.30
	0.16
	0.59
	0.25
	0.13

	Pseudomonadota
	1.72
	1.77
	1.59
	0.80
	-0.19

	Genera

	Taxa
	Relative abundance (%)
	Pooled SEM
	Coefficient for increasing F:C ratio

	
	HC
	CON
	HF
	
	

	Lachnoclostridium
	0.55
	0.69
	0.96
	0.32
	0.16

	[Bacteroidales] uncultured bacteria
	0.27
	0.21
	0.18
	0.16
	-0.1

	Ruminococcus
	1.46
	1.50
	1.57
	0.55
	0.16

	Saccharofermentans
	1.67
	1.42
	2.88
	1.14
	0.24

	Lachnospiraceae AC2044 group
	0.35
	0.38
	0.77
	0.29
	0.17

	Lachnospiraceae unclassified
	1.39
	1.71
	2.83
	0.80
	0.43

	Treponema
	0.62
	0.30
	0.28
	0.33
	-0.14

	[bookmark: _Hlk201327025]Lachnospiraceae XPB1014 group
	1.57
	1.80
	0.98
	0.82
	-0.21

	Lachnospiraceae ND3007 group
	0.29
	0.51
	2.14
	0.91
	0.61

	Species

	Taxa
	Relative abundance (%)
	Pooled SEM

	Coefficient for increasing F:C ratio

	
	HC
	CON
	HF
	
	

	Lachnospiraceae XPB1014 group uncultured bacterium
	1.49
	1.73
	0.91
	0.36
	-0.20

	Butyrivibrio fibrisolvens
	1.06
	1.65
	0.58
	0.35
	-0.19

	Lachnospiraceae unclassified
	1.39
	1.71
	2.83
	0.60
	0.43

	Saccharofermentans unclassified
	1.51
	1.28
	2.55
	0.53
	0.22

	Lachnoclostridium uncultured rumen
	0.55
	0.69
	0.96
	0.19
	0.16

	KEGG pathways

	KEGG pathways

	Relative abundance (%)
	Pooled SEM

	Coefficient for increasing F:C ratio
	Pathway

	
	HC
	CON
	HF
	
	
	

	ko00010

	2.00
	1.81
	1.59
	4.98
	-0.29
	Glycolysis / Gluconeogenesis

	ko02010

	0.58
	0.59
	0.62
	0.91
	0.04
	ABC transporters

	ko05120
	0.14
	0.13
	0.15
	0.17
	0.02
	Epithelial cell signaling in Helicobacter pylori infection


[bookmark: _Hlk172126896]*Major classified taxa and KEGG pathways occupying over 0.5% average relative abundance and present 50% of the samples in at least one of the diet treatments
HC, high-concentrate group; CON, control group; HF, high-forage group; Pooled SEM, pooled standard error of the mean.

	[bookmark: _Hlk172126692]Supplementary Table S9. Differentially abundant uncultured or unclassified major* bacterial species by ciliate fractions analyzed by MaAsLin2 (q ≤ 0.05).

	Ciliate fraction (CF)

	Species

	Taxa
	Dominant group
	Relative abundance (%)
	Pooled SEM

	
	
	TB
	EAB
	IAB
	

	Succiniclasticum uncultured rumen
	TB
	6.19A
	0.02C
	1.06B
	0.23

	Christensenellaceae R-7 group uncultured bacterium
	
	3.65A
	1.48C
	2.16B
	0.36

	Moryella uncultured rumen
	
	1.49A
	0B
	0B
	0.04

	Ruminococcaceae uncultured rumen
	
	1.41A
	0.37B
	0.35B
	0.20

	Ruminococcus uncultured bacterium
	
	1.24A
	0.06B
	0C
	0.08

	Ruminococcaceae CAG-352 uncultured bacterium
	
	1.16A
	0B
	0B
	0.03

	Succinivibrio uncultured rumen
	
	1.11A
	0B
	0.11B
	0.12

	Fibrobacter succinogenes
	
	1.05A
	0B
	0.25B
	0.18

	Pedosphaeraceae DEV114 uncultured rumen
	
	0.85A
	0C
	0.48B
	0.06

	Prevotella ruminicola
	
	0.74A
	0B
	0.06B
	0.09

	[Eubacterium] coprostanoligenes group uncultured bacterium
	
	0.49A
	0.07B
	0.04B
	0.03

	Rikenellaceae RC9 gut group uncultured bacterium
	EAB
	8.19C
	30.29A
	14.88B
	1.47

	Rikenellaceae RC9 gut group unclassified
	
	5.37B
	10.10A
	6.62B
	0.55

	[Oscillospirales] UCG-010 uncultured bacterium
	
	0.72B
	9.94A
	0.42B
	1.02

	Oscillospiraceae NK4A214 group unclassified
	
	1.80B
	3.47A
	1.59B
	0.26

	[Oscillospirales] UCG-010 uncultured rumen
	
	0.68B
	2.37A
	0.43B
	0.15

	Prevotellaceae UCG-004 unclassified
	
	0.74B
	1.99A
	0.70B
	0.19

	[Eubacterium] coprostanoligenes group unclassified
	
	0.79B
	0.94A
	0.38C
	0.10

	Saccharofermentans unclassified
	IAB
	0.76B
	0C
	4.58A
	0.53

	Lachnospiraceae XPB1014 group uncultured bacterium
	
	0.52B
	0C
	3.61A
	0.36

	Lachnospiraceae unclassified
	
	2.45B
	0.22C
	3.26A
	0.60

	Butyrivibrio fibrisolvens
	
	1.06B
	0.03C
	2.20A
	0.35

	Endomicrobium uncultured rumen
	
	0.65B
	0.03C
	2.14A
	0.11

	Lachnoclostridium uncultured rumen
	
	0.35B
	0.31B
	1.54A
	0.19

	Ruminococcus flavefaciens
	
	0.10B
	0B
	1.46A
	0.20

	[Spirochaetota] MVP-15 uncultured rumen
	
	0.53B
	0.01C
	1.18A
	0.11

	Lachnospiraceae AC2044 group uncultured rumen
	
	0.33B
	0.01B
	1.00A
	0.18

	*Major classified bacterial species occupying over 0.5% average relative abundance and present 50% of the samples in at least one of the groups
A-C: significant differences (q ≤ 0.05) among groups.
Diet, diet effect after 24 h of incubation (F:C ratio); CF, ciliate fraction effect after 24 h of incubation; TB, total bacteria; EAB, small entodinia-associated bacteria; IAB, Isotricha-associated bacteria; Pooled SEM, pooled standard error of the mean.


Supplementary Table S10. PERMANOVA analyses results of differences in the composition of bacterial phyla, genera, and species and their functional profile between donor inoculum and control group.

	Similarity index
	Phyla
	Genera
	Species
	KEGG pathway

	
	F-value
	p-value
	F-value
	p-value
	F-value
	p-value
	F-value
	p-value

	Bray-Curtis
	19.89
	0.0204
	21.09
	0.0185
	16.57
	0.0198
	2.619
	0.0674

	Jaccard
	1.656
	0.341
	3.018
	0.0187
	2.709
	0.0165
	2.313
	0.1077




