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Abstract This study examined the metabolites in different roughage to concentrate ratios using proton
nuclear magnetic resonance spectroscopy (1H-NMR). Six lactating cows were divided into two groups
that were fed different roughage to concentrate ratios (HR group = 8:2, HC group = 2:8). Feces samples
were collected individually at one time, and the metabolites were analyzed using an SPE-800 MHz
NMR-MS system. The metabolites were identified and quantified using a Chenomx NMR suite 8.4.
Metabolic pathway analysis and principal component analysis were conducted using a Metaboanalyst 4.0.
Statistical analysis was performed using a Dunnett's test on the SAS program. As a result, several
metabolites were identified, and among them, 77 metabolites were used in statistical analysis. The levels of
twelve metabolites were significantly higher in the HC group: succinate, dimethylamine, histamine,
homovanillate, thymol, acetate, propionate, butyrate, isovalerate, valerate, imidazole, N-nitrosodimethylamine,
and O-acetylcholine. In the HC group, the concentrations of all metabolites were higher than in the HR
group, and the metabolic pathway was also different. This study is expected to be useful for a variety
of livestock studies by 1H-NMR because it examined the change in metabolites in the body metabolism
and microorganisms.
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TR & Ao SARECRIA diFEIL e
S22 o185t NMR 245 58 2 W IS &
o

AL o] Z3E HIFOR 159 chertt AR
F ARZH g8t Tk

2, GUH
2.1 BNSES U AR A3
AT A L FABY AT FASAANL 5
AQAARE B2 gedel web s glow],

Holstein 6% (BdA% : 617480 kg, BdAE} : 1~2
4HE o] 2319t} Holstein 35 o|&h2|ot 2to| 12t
o AR FojHEE 82 (HR I18), UHA 35+&
2:8 (HC I8)Z 3] 19 23] Folaiyon, 3} vy

@ 250 49344 stk 3o Azol i hee
Table 13} 2}, 98 A2 24 el £ Yol 13]

A4 Ae00] w2 -80 Coll B4 WA BB
o} [12].

Table 1. Chemical composition of roughage and
concentrate

Item (% of DM) Italian ryegrass Concentrate

Moisture 7.40 11.2
Crude protein 5.60 15.00
Ether extract 0.84 2.00
Crude ash 4.84 12.00
Crude fiber 34.84 20.00
Ca 0.21 0.80
P 0.13 1.50
Acid detergent fiber 38.95 -
Neutral detergent fiber 66.54 -

2.2 NMR Mx2| & 24
B4 A AR AAE= thgat 2k 40 pH
7.4°] Phosphate Buffer Solution (PBS)S AMHEsI3

om &8 8olotA 7] 98 10 mL PBSell 25 mg
NaCl& H7botath 712832 3-(Trimethylsilyl)

propionic-2,2,3,3-d 4 acid sodium salt (TSP)& At
83191 0.1% TSPE Deuterium oxide (D,0)°ll A7}
sto] ekt 349 9= AlE 300 mge PBS 1
mle} T3 & 239 427|215 B3 445 A7 &
18,000 g9 &2 20 B2 94 &) 519th. I & 4
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SN 400 wE 150 WSl D:OZ XA & Aq] £
sto] 4S5 550 wl& 5 mm NMR tubedl] &4 ot

vk} [13].

AAH Al=9] £42 SPE-800 MHz NMR-MS
system (Bruker, BioSpin, AG)}& ©]&3}o] XY}
. NMR spectrum-= NOESY 1D sequences ARE9]
Fom 25CoA APt 71719 FF 22
Relaxation delay = 2 s, Scan number : 128,

EN

Acquisition time : 2 s, Time domain : 64 k, Sweep
width : 20 ppm® Zst3ict. ZF A=) tiste] NMR
golHE 92 ¥, Chenomx NMR suite 8.4
(Chenomx Inc., Edmonton, Alberta, Canada)E At
&35to] baseline¥}t phaseE $3sH 9= & F4 4
4 242 SIS HAAY £F= BMDB
version 1.0 (http://bmdb.wishartlab.com)S 53]

Agsteict.

2.3 A=A

gel= A EE Metaboanalyst 4.0
(https://www.metaboanalyst.ca)°] Q2= & PCA
(Principal Component Analysis), PLS-DA (Partial
Least Squares-Discriminant Analysis), metabolic
pathway analysisE 25300 AL p 3ol 0.05
ugtd ¢ pathway7} 203k 20 7H553ict. of
AR H]2 o= Chenomx NMR suite 8.4 (Chenomx
Inc., Edmonton, Alberta, Canada)& ©]-&3sto] g4
9 HAFH(EHT 552 713, SAH fod AE=
SAS package program= ©]&35l9] Dunnett’s test
(1412 15 7t 742 Hlwste] p<0.05 °l5t9] 3% 79
AQl Zo)7} Qlokar wAstdrt.
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Fig. 1. PCA (A) and PLA-DA (B) of feces sample

according to fed different ratios of roughage
to concentrate on lactating cow. Ellipses and
shapes show clustering of the samples.

LEoA 24 YAAES] metabolic pathways
EA43t Adl= Fig. 2. & 2o X&2 topological
pathway 2402 8E Aut | F= JF g2 e
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Fig. 2. Metabolic pathway analysis plot created
using MetaboAnalyst 4.0. Plots depict
several metabolic pathway in fecal
according to fed different ratios of

roughage to concentrate on dairy cow. (A)
Fed the high ratio of roughage (HR), (B)
Fed the high ratio of concentrate (HC). ®
Glycine, serine and threonine metabolism,
@ Valine, leucine and isoleucine
biosynthesis, ® Glyoxylate and
dicarboxylate metabolism, @ Citrate cycle
(TCA cycle)y ® D-Glutamine and
D-glutamate metabolism, ® Histidine
metabolism, @ Biotin metabolism,
Caffeine metabolism, @ Synthesis and
degradation of ketone bodies,
Ascorbate and aldarate metabolism, @
Alanine, aspartate and glutamate
metabolism, @ Butanoate metabolism, ®
beta-Alanine metabolism.

leucine and isoleucine biosynthesis, glyoxylate

and  dicarboxylate  metabolism, galactose
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metabolism, galactose metabolism, methane
metabolism®]9th. 15 7+ AolE& UERH pathway
£, HR I8olA pentose
interconversions, starch and sucrose metabolism
o] o, HC I1E°I4+ beta-alanine metabolism,

phenylalanine

and glucuronate

metabolism, propanoate
metabolism, synthesis and degradation of ketone
bodies, arginine and proline metabolism, caffeine

metabolism, caffeine metabolism, amino sugar

and nucleotide sugar metabolism, tyrosine
metabolism, glycolysis or gluconeogenesis,
pentose phosphate pathway %  histidine

metabolism®|¥et. HC IFolA #9942 yerd
pathway+= protein && pathwayﬂ F2 31 =
on FFAE Fo7t B2 240 SEoA B st
7t = AL EQ & 4 99T

Fig. 32 PLS-DA 4230 #E 49 25709 o
AAle] ste] heatmape &9l A2t oHlct.

Table 2= &A1 HwEA0] 7Fs3t thAA] 7770
£ carbohydrates, amines, amino acids, lipid, VFA
(volatile fatty acid), alcohols, benzoic acids,
carboxylic acids, imidazolinones, organic acids,
indoles ¥ others A& EHF3St ZA3to|t}.

Ag ¥ B4 AWE AHEH carbohydrates A€
AMIELS 157177} EQl 5|92 11 % succinate”}
HR &4 594(p{0.05)22 Rt o]Lo]
glucose, lactose ¥ pyruvate’} HR 1804 =7}
1‘171] THE IR FAH 7F2948(00.05)2 HEEA

Aottt Succinater AW wABEC] o5t B5tE UER
J’Pﬁ—J Z7Ho1H [15], glucoseZHE pyruvates A
A succinateE 59l |F4 O =F propionates AJAI5t

jui]

1! acetyl-co-AZH-E acetate, butyrate ¥ ethanol
o] A4dE]o] VFA 5= FFZ & 5 Ut IBE=R
H ATOAE HR IFoIA W2 59 A7} vet
v Aog Almdch

Amines A€ HAFE 37}4], amino acids A€ o
ARIES 9714, 281 lipids Al tjAREES F 67}
Z7F 89l HAc}. o] % amines A¥ dimethylamine
3} histamine©] HC &4 8-913(p<0.05) 2.2 =34t
Dimethylamine2 microbial choline catabolism 2]
5] AAE trimethylamine-N-oxide7} W& o] A4
H1 52 OF methylamineS Ao "o} Esh
< [16]°] st FEALE Foge] 7Rkl
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Table 2. Identified of fecal metabolites according to fed different ratios of roughage to concentrate using

1H-NMR.
e D) P

Metabolite (#M/1) IR o Diet e p value SEM  Metabolite (zM/L) Tm®R m Diet e pvalue SEM
Carbohydrates Amino acids and derivatives
1,3-Dihydroxyacetone 0.25 1.53 0.2945 0.71 Glycine 7.57 6.57 0.8810 4.43
Acetoacetate 1.75 1.40 0.6644 0.49 Isoleucine 3.00 7.70 0.1153 1.66
Fructose 14.30 16.75 0.8001 6.01 Leucine 6.90 10.00 0.4422 2.47
Galactitol 7.05 6.15 0.7042 1.45 Methionine 2.70 5.30 0.3707 1.74
Galactonate 12.15 19.80 0.5747 8.57 Valine 6.80 10.17 0.6668 4.98
Galactose 27.60 26.53 0.9621 1454  Xanthurenate 3.23 5.53 0.1573 0.94
Glucose 39.87 83.37 0.0897 13.80  Lipids
Isocitrate 18.97 38.33 0.2262 9.58 Choline 3.17 2.75 0.8350 1.29
Lactose 16.80 48.75 0.2810 15.44  Ethylene glycol 0.70 0.93 0.6062 0.30
Mannose 9.80 7.50 0.6861 3.48 Methyl glutarate 2.65 2.75 0.9663 1.48
N-Acetylglucosamine 10.77 9.60 0.8376 3.77 Glycolate 2.30 1.30 0.5797 1.08
Pyruvate 1.15 7.73 0.2513 3.27 O-Acetylcarnitine 2.33 1.10 0.6299 1.62
Succinate 3.87 5.37 0.0389 0.35 Thymol 1.60° 4.00 0.0378 0.56
Trehalose 5.20 6.93 0.7365 3.40 Volatile fatty acid (mM)
Xylose 1765 2025 07178 442  Acetate 173 510 00066  0.46
Amines Propionate 033 1.01 0.0011 0.06
Dimethylamine 027 1.95 0.0013 0.10 Butyrate 0.10 0.44 0.0025 0.04
Histamine 1.07" 2.90 0.0163 0.32 Isovalerate 0.03" 0.07 0.0207 0.01
Sarcosine 2.55 1.55 0.6179 1.21 Valerate 0.03° 0.18 0.0045 0.01
Amino acids Isobutyrate 0.05 0.10 0.1826 0.02
Anserine 2.20 4.60 0.2085 1.13 Imidazolinones
N-Phenylacetylglycine 2.40 5.33 0.3760 1.99 Creatinine 3.13 3.80 0.7344 1.30
n-Methylhistidine 1.80 4.00 0.1198 0.79 Imidazole 2.83 5.87 0.0430 0.73
Organic acids Aliphatic acylic compounds
Ferulate 1.27 1.15 0.7729 0.26 O-Phosphocholine 2.45 1.85 0.2318 0.25
Formate 16.83 13.47 0.2074 1.58 TMNO 0.67 0.30 0.5586 0.41
NDMA 2200 617 00388 093  Bemzoic acids
O-Acetylcholine 213 1.35 0.0073 0.08 3,4-DHPOP 0.80 4.27 0.3973 2.48
Phenylacetate 7.37 8.57 0.7478 2.46 3-Hydroxymandelate 6.50 6.87 0.8051 0.96
Succinylacetone 0.85 3.03 0.1566 0.82 4-HPA 3.27 10.40 0.0524 1.85
Others Isoeugenol 2.00 3.15 0.3062 0.66
2-HPA 2.97 4.57 0.2849 0.92 o0-Cresol 3.15 9.13 0.2518 2.97
3-Methylxanthine 0.40 0.57 0.1482 0.06 p-Cresol 1.50 2.63 0.4611 0.95
3-Phenylpropionate 10.35 31.87 0.1098 6.73 Carboxylic acids
4-Pyridoxate 1.40 1.03 0.6701 0.55 3-Hydroxyisovalerate 0.77 3.37 0.2767 1.46
Butanone 2.75 12.23 0.1164 3.05 3-HPA 4.23 5.43 0.4114 0.93
Caffeine 1.07 1.90 0.3126 0.51 5-Aminolevulinate 5.53 17.23 0.2939 6.85
Dimethyl sulfone 0.70 2.00 0.2236 0.60 Glycylproline 8.50 34.13 0.3088 14.75
Ibuprofen 1.70 2.80 0.6348 1.47 Guanidoacetate 2.17 3.27 0.5687 1.25
Melatonin 2.20 3.33 0.5241 1.11 Homovanillate 2.07 5.67 0.0286 0.76
N-Acetylserotonin 1.95 2.00 0.9632 0.68 Hydroxyacetone 1.60 3.77 0.5313 1.97
Alcohols Malonate 2.05 2.47 0.5534 0.44
Ethanol 21.10 16.15 0.5502 5.19 N-Acetylaspartate 0.60 3.40 0.2228 1.13
Indoles Pantothenate 2.80 4.77 0.5746 2.20
5-HIAA 1.90 2.60 0.4977 0.64
l)HR Roughage : Concentrate = 8:2, HC: Roughage : Concentrate =
"Means with different superscripts in the same column differ &gmﬁcamly (p€0.05).
4-HPA: 4-Hydroxyphenylacetate, 3-HPA: 3-Hydroxyphenylacetate, 2-HPA: 2-Hydroxyphenylacetate,  3,4-DHPOP:

3,4-Dihydroxybenzeneacetate, TMNO: Trimethylamine N-oxide, 5-HIAA; 5-Hydroxyindole-3-acetate, NDMA: N-Nitrosodimethylamine
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AR} FFAE FojH[E] wE 24 9RO A B4

kB2 N-Nitrosodimethylamine, dimethylamine
59 "YAEIEel F/HET R Skgich Lipids AlE
thymolZ HR 1594 9% (p<0.05) 22 WSkt
Thymol carvacrol@t &7 HEAQ] A& f 2
9] Y8 AEA AHPENA= T2 283 & 3l
on Yot 9 P 4L vehdttr g#A ot
[17,18]. o]l AFollA= VFA AE tHAMEES 67HA
7} ERlEl 0™ acetate, propionate @ butyrate &
o7 &7t =4 8=

Fig. 3. Heatmap of feces sample according to fed
different  ratios of roughage to
concentrate on lactating cow. Annotations
on top 25 metabolite of the heatmap
show clustering of the samples.

E3E isobutyrateE A& YA VFAS] s%7}
HC JFIA §93(p<0.05) 02 E3H=d ojeh 2
A= W9 el VFA Aol &9ke #t oyt
o F4EA] Kolo] SHEA7|R o5 ¥ T
7He & Q7] RO oleh T AWt & H o=
A== [19], B3 Mao 5 [2019] A% A2t &
ApsHich. HHE9] ) VFAE E3lE G EajikEo]
o, 97150 8 ouAdoR AREEE Edoltt
T8 S| o HHE AtEst aEIHYS Bt
AEE T ¥R SEo] FA 9 {34l ALEE]
£ A7ELoY 211, A9 AoMxE B S
t}. T3 Mao T [20]°] 9Jstd sFARS] FojH]E
uje} QE-S BASE Af, FolfFEo] Eopol uet 2
W VFA 57t 3716t gict. T3k VRAE 247t
AsL7t - 2 B2 dA glon FEGoA=
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B0l 2935 WA Yolozn dA ot [22]. 18
08 59AE Fojul&E =old vEsE9 SARE
FA4to] F7HE = AN B o] WAjQ] fQlo] & 4=
Ae ol Utk

183 carboxylic acids A€ homovanillate,
imidazoli-nones A€ imidazole, 183l organic acids
AE N-Nitr-osodimethylamine¥} O-Acetylcholine
o] HC 8ol §22(p<0.05) 28 &Sket. olejol=
3 4-Dihydroxybenze-neacetate, 4-Hydroxyphenylacetate,
o-Cresol, glycylprolin-e, succinylacetone,
3-Phenylpropionate & butanone’} HR 1504 &2
BEE B0y 5AR FoVd(p0.05) UERHA] 93ttt
Homovanillatex catechol O-methyltransferase®
53l 3,4-DihydroxybenzeneacetateZ 7€ AT ==
PAAIZA A A+ tyrosine metabolism pathway
of Fofsittar &4 2t} p-cresol T o-cresol <
o] dZAAoIH W55E2| Lactobacillus A2 B 712
EASLe} 22 WAUEE B9 tryptophanolAl F=9
o gt} [15]. ERE SFARR Y] Fojgo] S71shd vt
F9 HollA a2 A3EE B6f sHEA7IE olF
HojXlz ©@HEo o] FTIIER ol & W9
cresol¥} Z-2 T [ A7 571 & AR 9
gotalonr BAAR §949(00.05)2 HERA %t
=g
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NMR& o]&sto] Atmgo] Hl&o] wE 92
oI9S W, £5 W dAAIEY Wkt o2 A
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A3} 7|29 9-ES o] g3t APYATAe} W Ek
< o o B2 tiARA 4ol 8o 3 o= woEh
J3E2 Iy FAF ZopollA &84l oigt TR
AAstATt . AlsET 23 248 A A TRt 5
ol Fofol= v|FE RO Ao tigk A
T, 181 BEEE] 1 A AT} A B W
sto]| gt sk AT A8t FHEojof & AHolct.

o d

= 54
A

& 4



SHEARSH | &8ke]| =22 A2138 A2%, 2020

(1]

References

D. H. Kim, I. B. Lee, D. Y. Choi, J. I. Song, J. H. Jeon,
D. M. Ha “A Survey on Current State of Odor
Emission and Control from Livestock Operations”,
Journal of Animal Environmental Science, Vol.19,
No.2, pp.123-132, Dec. 2013.

DOI: https://doi.org/10.11109/JAES.2013.19.2.123

[2] C. W. Song, N. C. Kim, J. K. Ryu, J. M. Kim. “A study on

the fuelization of livestock sludge using thermal
hydrolysis”, Journal of Korea Organic Resource Recycling
Association, Vol.23, No.3, pp.51-59, Sep. 2015.

DOI: https://doi.org/10.17137/korrae.2015.23.3.051

[3] P. D. Le, A. J. A. Aarnink, N. W. M. Ogink, P. M. Becker,

(4]

(5]

(el

(71

(8l

[9]

M. W. A. Verstegen. “Odour from animal production
facilities: its relationship to diet”, Nutrition Research
Reviews, Vol.18, No.1, pp.3-30, Jun. 2005.

DOI: https://doi.org/10.1079/NRR200592

S. H. Seo, S. E. Park, E. J. Kim, D H. Youn, Y. M. Lee,
S. Y. Lee, S. H. Bok, D. H. Park, C. S. Seo, S. H. Byun,
K. Y. Jun, D. S. Kim, C. S. Na, H. S Son,
“GC/MS-based metabolomics approach to evaluate
the effect of jackyakgamcho-tang on acute colitis”,
Evidence-Based Complementary and Alternative
Medicine, Vol.2019, Article ID 4572764, Jan. 2019.
DOI: https://doi.org/10.1155/2019/4572764

Y. Mu, X. Lin, Z. Wang, Q. Hou, Y. Wang Z. Hu, “High-
production dairy cattle exhibit different rumen and
fecal bacterial community and rumen metabolite
profile than low-production cattle”,
MicrobiologyOpen, Vol.8, No.4, pp.e00673, Apr. 2019.
DOI: https://doi.org/10.1002/mbo3.673

N. Sillner, A. Walker, D. Hemmler, M. Bazanella, S. S.
Heinzmann, D. Haller, P.  Schmitt-Kopplin,
“Milk-derived amadori products in feces of
formula-fed infants”, Agricultural and Food Chemistry,
Vol.67, No.28 pp.8061-8069, Jun. 2019.

DOI: https://doi.org/10.1021/acs.jafc.9b01889

J. Fiori, S. Turroni, M. Candela, R. Gotti, “Assessment
of gut microbiota fecal metabolites by chromatographic
targeted  approaches  (Review)”,  Journal  of
Pharmaceutical and Biomedical Analysis, Vol.177,
No.2020, pp.112867, Sep. 2019.

DOI: https://doi.org/10.1016/j.ipba.2019.112867

S. H. Kim, S. O. Yang, K. H. Kim, Y. S. Kim, K. H. Liu,
Y. R. Yoon, D. Lee, C. H. Lee, G. S. Hwang, M. W.
Chung, K. H. Choi, H. K. Choi. “Research trends,
applications, and domestic research promotion
stratigies of metabolomics”, The Korean Society for
Biotechnology and Bioengineering, Vol.24, No.2,
pp.113-121, Jun. 2000.

DOI: https://www.earticle.net/Article/A110997

K. Y. Park, M. C. Kim, K. L. Woo, N. K. Lee, H. D. Paik,
“Rapid analysis of major putrefactive metabolites by
GC and GC/MSD", Korean Society for Biotechnology
and Bioengineering Journal, Vol.18, No.l, pp.74-77,

438

[10]

[11]

[12]

[13]

Feb 2003.
DOL: https://www.earticle.net/Article/A101219

J. S. Eom, S. J. Lee, Y. G. Lee, S. S. Lee. “Comparison
of volatile fatty acids, monosaccharide analysis and
metabolic profiling in rumen fluid according to
feeding  methods”, Journal of the Korea
Academia-Industrial cooperation Society, Vol. 19, No.
12, pp 814-824. Dec. 2018.

DOI: https://doi.org/10.5762/KAIS.2018.19.12.814

J. S. Eom, S. J. Lee, S. K. Lee, Y. J. Lee, H. S. Kim, Y.
Y. Choi, K. S. Ki, H. Y. Jeong, E. T. Kim, S. S. Lee, C.
D. Lee, S. S. Lee. “Effects of different roughage to
concentrate ratios on the changes of productivity and
metabolic profiles in milk of dairy cows”, Korean
Journal of Organic Agriculture, Vol.27, No.2, pp
147-160. May 2019.

DOI: https://dx.doi.org/10.11625/KJOA.2019.27.2.147

O. Deda, A. C. Chatziioannou, S. Fasoula, D.
Palachanis, N. Raikos, G. A. Theodoridis, H. G. Gika,
“Sample preparation optimization in fecal metabolic
profiling”, Journal of Chromatography B, Vol.1047,
No.15, pp.115-123, Mar. 2017.

DOL: https://doi.org/10.1016/j.jchromb.2016.06.047

B. K. Kim, C. B. Choi, S. O. Lee, K. H. Baek, D. J. Jung,
E. G. Hwang “Effects of supplementing herbs on
growth performances, blood composition and diarrhea
in Hanwoo calves’, Journal of Animal Science and
Technology, Vol.53, No.5, pp.451-459, Oct. 2011.
DOL: https://doi.org/10.5187/JAST.2011.53.5.451

[14] C. W. Dunnett. “A multiple comparison procedure for

comparing several treatments with a control®, Journal
of the American Statistical Association, Vol.50 No.272,
pp.1096-1121. Apr. 1955

DOL: https://doi.org/10.1080/01621459.1955.10501294

[15] M. T. Yokoyama, J. R. Carlson, “Production of Skatole

and para-Cresol by a Rumen Lactobacillus sp.”,
Applied and Enviromental Microbiology, Vol.41, No.1,
pp.71-76, Jan. 1981.

DOI: https://doi.org/10.1128/aem.41.1.71-76.1981

[16] F. Saleem, B. N. Ametaj, S. Bouatra, R. Mandal, Q.

Zebeli, S. M. Dunn, D. S. Wishart, “A metabolomics
approach to uncover the effects of grain diets on
rumen health in dairy cows”, Journal of Dairy Science,
Vol.95, No.11, pp.6604-6623, Nov. 2012.

DOI: https://doi.org/10.3168/ids.2012-5403

[17]) M. Friedman, “Chemistry and multibeneficial bioactivities of

[18]

carvacrol (4-isopropyl-2-methylphenol), a component of
essential oils produced by aromatic plants and
spices”, Journal of agricultural and food chemistry,
Vol.62, No.31, pp.7652-7670, Jul. 2014.
DOI : https://doi.org/10.1021/if5023862

A. Sivropoulou, E. Papanikolaou, C. Nikolaou, S.
Kokkini, T. Lanaras, M. Arsenakis, “Antimicrobial and
cytotoxic activities of Origanum essential oils”,
Journal of Agricultural and Food Chemistry, Vol.44,
No.5. pp.1202-1205, May. 1996.



AR} FFAE FojH[E] wE 24 9RO A B4

DOLI: https://doi.org/10.1021/if950540t

[19] Y. J. Chen, O. S. Kwon, B. J. Kim, K. S. Shon, J. H. Cho,
. H Kim, “The effects of dietary biotite V
supplementation on growth performance, nutrients
digestibility and fecal noxious gas content in finishing
pigs’, Asian-Australasian Journal of Animal Science,
Vol.18, No.8, pp.1147-1152, Dec. 2005.

DOI: https://doi.org/10.5713/ajas.2005.1147

[20] S. Mao, R. Zhang, D. Wang, W. Zhu, “The diversity of
the fecal bacterial community and its relationship
with the concentration of volatile fatty acids in the
feces during subacute rumen acidosis in dairy cows”,
BMC Veterinary Research, Vol.8, pp.237, Dec. 2012.
DOL: http://www.biomedcentral.com/1746-6148/8/237

[21] D. N. Miller, V. H. Varel, “In vitro study of the
biochemical origin and production limits of odorous
compounds in cattle feedlots”, Journal of Animal
Science, Vol.79, No.12, pp.2949-2956, Dec. 2001.
DOI: https://doi.org/10.2527/2001.79122949x

[22] D. N. Miller, V. H. Varel, “Swine manure composition
affects the biochemical origins, composition, and
accumulation of odorous compounds’, Journal of
Animal Science, Vol.81, No.9, pp.2131-2138, Sep. 2003.
DOI: https://doi.org/10.2527/2003.8192131x

Z & A(Hyun-Sang Kim) [As]ed]

* 20179 84 : Azt 584
FHBHR (o]3HAAD

* 20174 8€ ~ @A)« AR
S8R HAY S

@b
HEEEAY, MEERYE, MR

439

0] &I XKShin-Ja Lee) BEER

- 20034 89 : A4Sk Y5t

Sl
- 200749 89 AATISIL S84
EEEEIGLE

+ 20124 3¢¥ ~ 20134 294 : BE
sgoshn 24T BHE T

o

£ 20134 19 ~ A4 : AAketa SgagTstTe o

SqFF

Ol

WEsEYY, BEsErdE, esETAL

2
H
1=
=
C
3
%)
~
m
[e]
3

[Halz]

+ 20179 89 : AAUTY 584
HpeRE (o]t A
+ 2017¥ 8¢¥ ~ @A : AAdstn

SEATIE WAty B

(HAED
=Y, SEsErdE, esEuAL

0] & H(Sung-Sill Lee) EEE)

+ 19954 29 : ALtisty 524
Gakelat Gssph

+ 19959 99 ~ 1997¢ 129
Canada Lethbridge Research
center HAF & 14

- 19994 2€ ~ 200241 24 : =

DR -ivisie) oJopua Al

- 20024 39 ~ @A : AdetE 2k} T

WEsEYY, BEsErdE, esETAL




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


