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Abstract This study was conducted to investigate VFA, monosaccharides and metabolites in rumen fluid according
to feeding methods. Three castrated Hanwoo steers were used to the 3x3 Latin square design, 10 day for the diet
adaptation period. VFA and monosaccharides which were not detected by HPLC and HPAEC however, those were
detected by 'H-NMR. Among the metabolites measured by 'H-NMR carbohydrate metabolites, pyruvate was detected
only in the rumen fluid before feeding and succinate was detected before and after feeding rumen fluid. In amino
acid total 9 metabolites were detected. In lipid metabolites, ethylene glycol was significantly higher (P<0.05) in before
feeding Con group. In aliphatic acylic metabolite, trimethylamine N-oxide was no significant difference observed
compare to Con group. In this study, many metabolites were observed in the rumen fluid by 'H-NMR, and it
confirmed that rumen metabolic products were changed by feeding methods.
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Table 1. The Chemical Composition of Rice Straw,

Timothy and Concentrate Used in the
Experiment
(C;:)errgi;:; composition Rice straw  Timothy  Concentrate
Crude protein 4.80 7.68 18.38
Ether extract 1.52 2.42 3.53
Crude ash 10.31 5.87 6.11
Crude fiber 32.09 34.89 5.74
Ca 0.17 0.20 0.86
P 0.07 0.19 0.55
Acid detergent fiber 46.62 40.55 7.48
Neutral detergent fiber 67.53 64.44 20.76
Cal, (Cal/g) 3769.87 4094.28 3969.76
Dry matter (%) 91.59 91.80 88.71
2.2 A 2 gl xiF
A]E2 3 x 3 Latin square design WH o2 53§3}9]
i, AR Con (S FAHR Hol 408 F 2AIR F0)),
TIT(EARR 79 40 F 5 AR Fol), Tz%(@}
o SFAIR EF FHE ol Ag 7o) 4, F 3
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Table 2. Concentration of Volatile Fatty Acids in Rumen Fluid by High Performance Liquid Chromatography and
'"H-Nuclear Magnetic Resonance spectroscopy

Analysis instrument P-value
Compounds(mM/L) HPLC '"H-NMR
Con"” T1? jvil Con Tl T2 HPLC MR
Before feeding fermentation
Total VFA 52.14 48.05 41.74 50.81° 43.30° 4293 0.4871 0.0175
Acetate 31.71 28.67 26.19 34.29° 28.21° 2935 0.4558 0.019
Propionate 12.22° 8.08° 8.62" 8.46 7.64 6.56 0.0696 0.1425
Butyrate 7.48 10.61 6.26 7.21 7.02 6.32 0.3803 0.2432
Isobutyrate ND* 0.84 0.65 0.70 - 0.828
Isovalerate 1.39 1.35 1.32 ND 0.955 -
Acetate / Propionate ratio 2.64° 3.55° 3.03® 4.12 3.73 450 0.0331 0.3036
After 3h feeding fermentation
Total VFA 89.89" 52.22° 57.36" 57.76 52.96 47.24 0.0082 0.7179
Acetate 54.42° 31.88"° 34.88° 35.62 32.51 29.03 0.0036 0.6856
Propionate 21.91° 11.70° 13.94° 11.29 9.88 8.20 0.0243 0.6705
Butyrate 12.29° 8.00° 7.90° 8.22 823 7.04 0.0399 0.6698
Isobutyrate ND 0.71 0.91 0.85 - 0.4969
Valerate ND 1.60 1.48 1.37 - 0.8878
Isovalerate 1.94' 129" 130° 0.49° 0.39° 0.75" 0.0212 0.0469
Acetate / Propionate ratio 2.54 2.74 2.51 3.26 3.49 3.57 0.5463 0.7005

" Fed concentration first and 40 minutes later fed roughage ? . Fed roughage first and 40 minutes later fed concentration
. Fed roughage and concentration mixed 9 Not Detected(ND)
“Means with different superscripts in the same row differ significantly (P<0.05)

Table 3. Concentration of Monosaccharide in Rumen Fluid by High Performance Anion-Exchange Chromatography
and 'H-Nuclear Magnetic Resonance spectroscopy

Analysis instrument P-value
Compounds(mM/L) HPAEC(mg/L) 'H-NMR(mM/L)
5 B) 5 HPAEC NMR
Con T1 T2 Con T1 T2
Before feeding fermentation
Glucose 425.13 221.97 305.67 3.206 2.823 2.327 0.2248 0.6527
Fructose 29.63" 16.07° 18.93" 0.127 0.247 0.265 0.0563 0.1022
Mannose 3.63° 1.57° 2.13° 0.0195
Arabinose 2.87 1.87 247 D" 0.6249 i
Galactose 2.40 1.87 2.23 0.6813
Xylose 2.30 1.27 1.93 0.3225
After 3h feeding fermentation
Glucose 516.03 412.93 358.90 2.541 2.435 1.581 0.6287 0.7975
Fructose 20.43 16.43 10.70 0.313" 0.083° 0.142° 0.1167 0.0418
Mannose 6.70 3.05 2.93 0.375 0.100 0.011 0.1643 0.5214
Arabinose 6.80 3.23 3.13 0.3358
Galactose 7.33 2.97 3.47 ND 0.4274 -
Xylose 7.37 3.40 4.50 0.3973

" Fed concentration first and 40 minutes later fed roughage ? . Fed roughage first and 40 minutes later fed concentration
P . Fed roughage and concentration mixed Y Not Detected(ND)
®Means with different superscripts in the same row differ significantly (P<0.05)
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Fig. 1. The Representative Spectrum 'H-NMR Obtained from Rumen Fluid Samples. The Spectra were Constructed

Using TSP at 0.00 ppm as Reference

Spectra number - 1: Acetate, 2: Propionate, 3: Butyrate, 4: Isobutyrate, 5: Valerate, 6: Isovalerate, 7: Pyruvate, 8: Succinate, 9: Alanine,
10: Glycine, 11: Isoleucine, 12: Leucine, 13: Methionine, 14: Proline, 15: Threonine, 16: Valine, 17: 3-Hydroxy-3-methylglutarate, 18:

Ethylene glycol, 19: Methylsuccinate, 20: Isopropanol, 21:

Trimethylamine N-oxide, 22: p-Cresol,

23: 2-Hydroxyisobutyrate, 24:

3-Hydroxyisovalerate, 25: N-Acetylcysteine, 26: Pantothenate, 27: Gluconate, 28: 4-Pyridoxate, 29: Betaine, 30: Caffeine, 31: Fructose, 32:
Isocitrate, 33: Xylitol, 34: O-Phosphocholine, 35: Glycylproline, 36: Guanidoacetate, 37: Malonate, 38: Succinylacetone, 39: TSP.
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Fig. 2. Continued

Spectra number - 40: 1,3-Dihydroxyacetone, 41: Glucose, 42: Lactulose, 43: Maltose, 44: Mannose, 45: N-Acetylglucosamine, 46: Ribose,
47: Anserine, 48: 3,5-Dibromotyrosine, 49: Histamine, 50: 3-Hydroxyphenylacetate, 51: N-Acetylornithine, 52: Fumarate, 53: Phenylacetate, 54:

3-Phenylpropionate, 55: Thymol.
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Table 4. List of Metabolites in Rumen Fluid According to Different Feeding Methods and Fermentation Time

Fermentation time P-value
Metabolites(mM/L) BF" AF?
5 5 5 BF AF
Con T1 T2 Con T1 T2
Carbohydrates
1,3-Dihydroxyacetone 0.078 0.066 0.059 ND? 0.0666 -
Isocitrate 0.197 0.168 0.300 ND 0.4211 -
Lactulose 0.126 0.101 0.105 0.125 0.070 0.082 0.9148 0.5448
Maltose 0.209 0.398 0.149 0.425 0.215 0.626 0.2156 0.5868
N-Acetylglucosamine 0.145 0.126 0.202 0.183" 0.173" 0.045° 0.4123 0.0263
Pyruvate 0.095 0.048 0.079 ND 0.2309 -
Ribose 0.539 0.594 0.561 0.424 0.367 0.339 0.8303 0.7080
Succinate 0.040 0.038 0.028 0.022 0.010 0.030 0.3324 0.6889
Xylitol ND 0.091 0.103 0.301 - 0.1175
Amino acids
Alanine 0.400 0.225 0.322 0.315 0.464 0.292 0.3604 0.4340
Anserine 0.090 0.099 0.077 0.062 0.067 0.071 0.7226 0.9449
Glycine 0.141 0.094 0.068 0.076 0.058 0.088 0.1715 0.6192
Isoleucine 0.167 0.152 0.144 0.123 0.107 0.100 0.9255 0.6850
Leucine 0.260 0.182 0.154 0.144 0.088 0.087 0.3887 0.5635
Methionine 0.081 0.082 0.093 0.059 0.055 0.061 0.8352 0.9340
Proline 0.345 0.359 0.369 ND 0.9786 -
Threonine 0.238 0.225 0.224 0.170 0.197 0.166 0.9857 0.8769
Valine 0.128 0.193 0.174 0.164 0.149 0.154 0.4977 0.9240
Lipids
3,5-Dibromotyrosine 0.042 0.027 0.030 0.034 0.034 0.020 0.6747 0.6260
3-Hydroxy-3-methyl glutarate 0.045 0.031 0.046 0.047 0.016 0.061 0.8358 0.2391
Ethylene glycol 0.056" 0.020° 0.016° ND 0.0541 -
Methylsuccinate 0.046 0.033 0.033 ND 0.8731 -
Thymol ND 0.020 0.021 0.019 - 0.9326
Alcohols
Isopropanol ND 0.014 0.012 0.010 - 0.3947
Aliphatic acylic compounds
O-Phosphocholine ND 0.021° 0.152° 0.065° - 0.0492
Trimethylamine N-oxide 0.014™ 0.023" 0.006° 0.033 0.036 0.039 0.0676 0.9882
Amines
Histamine 0.015 0.023 0.020 0.020 0.040 0.008 0.7577 0.1693
Benzoic acids
p-Cresol 0.024 0.018 0.016 0.014° 0.026" 0.012° 0.7720 0.0756
Carboxylic acids
2-Hydroxyisobutyrate 0.012 0.011 0.011 0.011 0.015 0.011 0.8785 0.6664
3-Hydroxyisovalerate 0.035 0.032 0.039 0.027 0.024 0.030 0.8871 0.9138
3-Hydroxyphenylacetate 0.030 0.037 0.043 0.023 0.031 0.026 0.4970 0.6851
Glycyl proline 0.046 0.103 0.105 0.100 0.030 0.079 0.2807 0.2690
Guanidoacetate ND 0.023" 0.044" 0.016° 0.0751 -
Malonate ND 0.019 0.045 0.032 0.2967 -
N-Acetylcysteine 0.047 0.051 0.059 0.048 0.065 0.024 0.7532 0.3757
N-Acetylornithine 0.050 0.073 0.069 ND 0.6621 -
Pantothenate 0.021 0.051 0.039 0.034 0.028 0.024 0.2854 0.1729
Organic acids
Fumarate 0.014 0.009 0.018 ND 0.4264 -
Gluconate 0.114 0.090 0.107 ND 0.8365 -
Phenylacetate 0.307 0.299 0.263 0.364 0.371 0.318 0.5923 0.8121
Succinylacetone ND 0.014 0.025 0.010 - 0.4283
Others
3-Phenylpropionate 0.218 0.196 0.217 0.180 0.275 0.242 0.3485 0.5440
4-Pyridoxate 0.010 0.010 0.016 0.014 0.017 0.014 0.1275 0.9272
Betaine 0.010 0.005 0.007 0.003 0.013 0.004 0.6452 0.3428
Caffeine 0.005 0.003 0.015 0.025 0.011 0.025 0.2019 0.3340

" Before Feeding(BF) 2 Feeding of 3 hours later(AF) . Fed concentration first and 40 minutes later fed roughage
: Fed roughage first and 40 minutes later fed concentration

5)

®Means with different superscripts in the same row differ significantly (P<0.05)
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