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(OTP, THI : 64.92)9F I27|(HTP, THI : 79.13)8301A okl Atw o A 212F ool &= dAAl:
proton nuclear magnetic resonance (‘H-NMR) s ectrosco;ggf— o]-g&slo| EAstict. EH/\}Zﬂ‘:-J A4 ‘“‘
A3l= Chenomx NMR Suite 8.4 software— o]-g-5}o] Aot SAEAL Metaboanalyst 5.0 program
< 0]} r-test, principal component ana sis, partlal least square-discriminant analysis ¥ variable
importance in prOJectlon scores A= f@'r:} Hh2 QMo A= riboflavin®] OTP groupoﬂfﬂ betained}
succinates HTPﬂgroup‘ﬂ A Tr—W(p(O OS)OE =%t Glucose-1-phosphate®} acetate— OTP group©llA]
9o =& AF0.05<p0.1)E EItt. HAE methanolT} sn-glycero-3-phosphocholine2 QTP
group©l|A], E methoxysahcylateﬂ N-nitrosodimethylamine2 HTP rougoﬂfﬂ v4x4(5)<0 05) 2.2 &gttt
Pyruvate acetoacetate, lactate @ 3- hydroxybutyrate— HTP roupcﬁﬁ oFor =& AHIKO. 05<€<0 1)
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Abstract This study was undertaken to determine the metabolic profiling of rumen fluid and serum in
Holstein steers exposed to heat-stress. Analysis was achieved by applying proton nuclear magnetic
resonance ((H-NMR) spectroscopy. A total of 6 Holstein steers were used in this study. Rumen fluid and
serum were collected in the optimum temperature period before morning feed intake (OTP, THI 64.92),
and in the high temperature period (HTP, THI: 79.13). Sample metabolites were analyzed using 'H-NMR
spectroscopy, and identified and quantified using the Chenomx NMR suite 8.4 software. Statistical
analysis was achieved by applying rtest, principal component analy51s partial least square-discriminant
analysis and variable importance in projection scores data, using the Metaboanalyst 5.0 program.
Riboflavin in the rumen fluid was significantly (p<0 05) hlgher in the OTP group, whereas betaine and
succinate were significantly (p<0.05) ﬁlgher in the HTP group. Glucose-1-phosphate and acetate showed
an increasing tendency (0.05<p<0.1) in the OTP group. Serum analysis revealed significantly higher
levels of methanol and sn-glycero-3-phosphocholine (p 0. 05) in the OTP group, whereas the HTP group
had significantly higher (p<0.05) levels of 5-methoxysalicylate and Nmtrosodlmethylamme Pyruvate,
acetoacetate, lactate and 3-hydroxybutyrate showed a tendency (0.05<p<0.1) to be higher in the HTP
group. We believe that results of this study will provide a reference for future studies aimed towards the
discovery of heat stress bio-markers in Holstein steers.

Keywords : Biofluids, Chenomx NMR Suite 8.4 Software, Metaboanalyst 5.0 Program, Ruminants,
Temperature Humidity Index
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= V&Y 4] Aok & of
Yt ofF diabdE (acidosis, ketosis 5)& FEAIE
4 Qo] FAFY A £A4E 2 & £ Sty 2F
T A4(THI: Temperature Humidity Index, °]sk
THD)7} Bt <F 72 ojAfold T2AEH A Folet 5}
H[1], SEEsEo] T2AEH A LE2HH AARHHF
9 &, Aot A2t ks "2l &
5] 2399 Aoz -F ik E AR 193 HA
sgo| 7E € S AtH3.4]. IHEE I2AE X 0|
L2d 5 g & £ = I 283 A
ojct.

tiApA|Shol=k? Aol AW W ARt AR E
A= A=y A 2ofolH, AlE EFE o
A5 tigt A77F sl X8 Foll UtH5,6l. HE
Al drH BT RE
(NMR) spectroscopy, liquid chromatography-mass

P
T

nuclear magnetic resonance

ol

spectrometry (LC-MS) ¥ gas chromatography-

mass spectrometry (GC-MS)&°] Slth. Nuclear

magnetic resonance spectroscopys LC-MS2}t
GC-MSHT} #AFgFo] 22 Ak S ofFATt 2

2 NaE, 22 BN, AHE 24418 59 AL
2 A Aol g 2olal SItH7-9l.

Qo= FEEEES AAEEAN, FA k F)
Y AAIE BEAote] TRAEH XA bio-marker A
A7F 5] A Foll Aok LHE AYPAT AHEIE
ATEH P o FIAAAHVEA: Volatile
Fatty Acid, ©Js} VFA) [10], @¥(serum F+= plasma)
W ofr|iAH11], = W oxidative stress & THARA
[12] W3} 5ol Uk

Y9 vtEEE AR AFEE proton NMR
("H-NMR) spectroscopyS °]-8&st 3-9-9} Holstein
2Zh-9-9] AN W AR £4[13-15], subclinical
ketosis7} &= Holstein Z-8-9-9] Wi} 29
W tiARA] W3} Bl AH16] 5o Slth ALAEHA
o et A+ELE Holsteind} Jersey 9] ¥H=9] U] 1]
BE 435 WHEH17,18], 38, AFRL, H5gE Al
7t 9 A4 ©5H19,20] A 5ol FRE o A
A AA At o mlEfE Aol

JER o dves 5% FFRsHE7e 1
7))ol W= Holstein 4:49] W90} Fo 1 tha}
AE 'H-NMR spectroscopys ©]8&3le] BAsla,
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Metaboanalyst 5.0 program= ©|-83%t 54 212 =
Zoto] thAA Entdy 9 Hlu B4S AAlsHlT
2, A

2.1 HEsE Y A
AT AR 2 AEEEY AR SEedd T
& 5A &9l w2t #3519 2™ Holstein 424~ 6

RS ol8SIATH A=A =: SCNU-IACUC-
2020-06). AFEEANA F99% A=+ total mixed
ration (TMR)E A AAlstlon, Foigt Alzo] 4
ExAY dubgdE BE443= Table 13 2t} Dry
matter (Method no. 934.01),
(Method no. 976.05), crude fat (Method no.
920.39), ash (Method no. 942.05), calcium
(Method no. 927.02) ¥ phosphorus (Method no.
3964.06)= Association of Official Analytical
Communities i< ©]-&(21,22], neutral detergent
fiber®} acid detergent fiber:= Van Soest 52 %
(23] o]&sto] EAst3itt.

crude protein

= OJoH O
AE=" !

2.2

izt R THI ALE AEsto] 227
(OTP; optimum temperature period, ©]3} OTP)2}
I27|(HTP; high temperature period, °]5} HTP)2t
AolA 2z QFsIHRT;. Temperature humidity
index®= Tucker 59 WO R[24] oF 1897 75t
o gkt om, OTPL HTP group? THI %+ Z+2
64.92 + 0.56 (mean * standard error of the
mean)2} 79.13 + 0.569] FA& It

Optimum temperature period?} HTP group¥
Holstein®] A% 27+ 761.33 + 13.78 kgt 774.00
+ 19.48 kgol@oH, A2 =E 27 40.07 + 0.20
€e} 40.63 £ 0.14 T2 &=tk

HE= ML stomach tubeE o]-&3lo] @A Alm &
o Aof] sk} §FEH-2 50 mL conical tube
o &4 92 % 'H-NMR spectroscopy 24 A 74|
-80 Col EFsIt.

AL o Alm Fof A BEWS S A6t
procoagulation 10 mL tube®] €A "th 4 T7}
A== centrifugeol A 3,000 rpm2] £E2 158 7t

|OH
2

ol
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I2AEF A WE Holstein

S0 Wl B ) i) ey A

A4 82e] sta] AL eppendrof tube (e-tube)ol 1
mlA &4 B2 3 'H-NMR spectroscopy £4] A 7}
A =80 Tl BE@sidrt.

2.3 UiAtH &2
u}i_c,qoug 4 "(:7}
rpme £E2 158

SR

Oz
TF

7F A8 Slo] BL9=29] /\]'E o]
g AA g F 12,000 rpme] 22 108 A 24
£ st ASH 350 pLE AFsIH. 71E
3-(Trimethlsilyl)propionic-2,2,3,3-d4 acid (TSP)=
deuterium oxide (D;0) solvento] =] 0.4 mM=& g+
0] 350 pLE T F A9 ST} Ststo]
39 4 TSP 5=5 0.2 mMZ 7H5°] 5 mm NMR
tubeoll &A 2 & SFStATH25].

32 4 CoA shs AX1 = 4 CT7 %X]Q—‘:

229]

centnfuge"ﬂ/ﬂ 12,500 rpm8] £EZ 158 7+ Y41
g OPoi 2 200 uLE AZ2E e-tubed] &4 A%
ot 11 % 100 % D;O solvento] Nacl =7} 0.9 %

weight / volume®l saline solutione THE0] 30|
E0] 9= e-tube©l 400 pLE F7F8te] 5 mm NMR
tubedll &4 S ATH26].

T}Oo T =%
T h

Table 1. Chemical composition of total mixed ration

Ingredients Composition (% of DM)
Corn gluten feed 8.40
Soybean 6.24
Beet pulp 4.20
Wheat bran 3.15
Corn flakes 2.21
Molasses 1.04
Rice wine residue 5.25
Brewer's grain residue 21.01
Annual ryegrass straw 27.29
Orchard grass straw 21.01
Limestone 0.10
Sodium bicarbonate 0.01
Salt 0.09
Total 100
Chemical composition % [dry matter (DM) basis]
Dry matter (fresh basis) 55.32
Crude protein 13.51
Crude fiber 22.12
Crude fat 3.16
Ash 9.22
Calcium 1.54
Phosphorus 0.58
Neutral detergent fiber 49.12
Acid detergent fiber 25.80
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HARA] 42 SPE-800 MHz NMR-MS spectrometer
(Bruker, BioSpin, AG, Fillanden, Switzerland)E ©]
83to] Aystgict. 'H-NMR spectrume HH=9]H 7}
@HolA ZZt NOESY 1D
Purcell-Meiboom-Gill pulse sequenceE AFE-3}
ow 25 TolA XFsidtt. 71719 AL
2 s, scan number : 128,
acquisition time : 2 s, time domain : 64 k, sweep
Width : 20 ppmoZ Xﬁﬂﬂ&’i‘:} 271.
2 Chenomx NMR suite 8.4
Canada)
program® Chenomx processE ©|-&3}%] baseline™+
phaseE AZ 7t 5YsA @ o 11 & Chenomx
profilerE o]835}o] YA HA U Ak BAS 5
ot

RS B4 B4 Rsoftware 75121 Metaboanalyst
o]

8519 r-test, principal component analysis (PCA),

sequence?} Carr-

=4

relaxation delay

AE spectrumE

(Chenomx Inc., Edmonton, Alberta,

5.0 (https://www.metaboanalyst.ca) program<

partial least square-discriminant analysis (PLS-DA)

ul

2 variable importance in projection (VIP) score
ZIE &35 test A7) p0.052}+ VIP score
1.5 old9] & BRI AAIES F groupit #9414 &
o7F Sl Aoz ESiya, 0.05<p<0.13% VIP
score 1.0 °JA49] kS Kol tAAES &

o AFL Hel 02 UFch

group?t

3. 2t
3.1 25k 24U [ME HEEo W CHARA|
5t
2.5 sl B2 OTPSE HTP groupd ¥
Ao W BEAE AAE o83t PCA ZF= Fig. 13+
Zt}. PC 13} 2 scoreol] A2 Z+2F 17.9 %%} 13
%0]H, T group?t AXE= FFS HIt

Fig. 2= PLS-DA Z3o]H, component 13} 2=
Y7+ 17.5 %2+ 9.5 %= OTP group®] HTP group®]

uls) SHE RIS SE dol7l de AS 4l &
2~ 0]o]
T ORRAR
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Score Plot
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A HTP
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Fig. 1. Principal component analysis score plot based
on rumen fluid metabolites data in optimum
temperature period (OTP) and high
temperature period (HTP) group by proton
nuclear magnetic resonance spectroscopy
analysis (n=6). On the score plot, represents
an individual samples, with the blue circle
representing the OTP, and the red triangle
representing the HTP group. The abscissa and
represent the variance associated with PC 1
and 2, respectively.

Score Plot
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A HTP

Component 2 (9.5%)
10

-10

4 2 o 2
Component 1 (17.5%)
Fig. 2. Partial least square-discriminant analysis
score plot of rumen fluid with optimum
temperature period (OTP) and high
temperature period (HTP) group by proton
nuclear magnetic resonance spectroscopy
analysis (n=6). The shaded ellipses represent
the 95% confidence interval estimated from
the score. On the score plot, each
represents and individual samples, with the
blue circle representing the OTP, and the
red triangle representing the HTP group.
The abscissa and ordinate represent the
variance associated with component 1 and

2, respectively.
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rtests 7|WFO & st OTPL} HTP group? W59
A W hAHA| Bla Aik= Table 29+ 2tk & group?t
4 (p€0.05)A01E EQl HAAIES & 167 3o
71 % pyridoxine, MNphenylacetylglycine, caprylate,

acetoacetate, riboflavin, malonate, lactulose %
benzoate=  OTP  group®l4l, 4-hydroxy-3-

methoxymandelate, O-acetylcholine, ANacetylserotonin,
betaine, 2-hydroxybutyrate, 3,4-dihydroxybenzeneacetate,

hui]

2-hydroxy-3-methylvalerate ¥ succinates= HTP
group°lA §992(p<0.05) 22 =Tk {44 A
0.05<p0.1)& BQl AAES F 1192, 1 &

ol
=

acetylsalicylate, glucose-1-phosphate, acetate
OTP  group©lAl,
2-hydroxyphenylacetate, 3-phenyllactate, glycolate,

theophyllinex= methanol,

3-methylhistidine, 2-hydroxyisovalerate 9
azelate= HTP groupOA S942.2 &2 Z3H0.05
<p0.1)& Bk

Variable importance in projection® 7|§t0.2 gt
OTP®} HTP group®] BHE919 W) tiApA] vl 2=
Fig. 33} 2t} & 207)9] diAkA|lEo] VIP score 3t 1.5
olA}oz Rl EFQlom 1 & MN-phenylacetylglycine,
pyridoxine, caprylate, acetoacetate, riboflavin,
acetylsalicylate, lactulose, malonate ]
3-hydroxyphenylacetatet= OTP group®¥, 4-hydroxy
O-acetylcholine,

-3-methoxymandelate, succinate,

N-acetylserotonin, 2-hydroxyisovalerate, glycolate,
betaine, 2-hydroxy-3-methylvalerate, 4-methylhistidine,
azelate ¥ methanol2 HTP group®lAl ¥4 &2
VIP score & ETh

£

Halol| TE Y L CHARRI Hat

255 Susto] mE OTPLF HTP groupd] 8%
A5 gARAE o83t PCA ZIH= Fig. 49+ 2tk
PC 13 2 scoreo] A8 217 18.5 %2 15.4 %O°|
H, & grouptt At HFAE= AFE HIA

Fig. 5= PLS-DA Z3e]H, component 13} 2=
Z¥7+ 14.9 %2} 8.9 %= OTP group®] HTP group®]

ASdTt.

-tests 71802 3+ OTPS} HTP group2] 4 W
AR ¥]a AIH= Table 37 Zth F group?t £
H(p<0.05)A01E HRl A& & 127190, 11 F
methanol, sn-glycero-3-phosphocholine, erythritol
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16 1.8 2.0 22 2.4 26

VIP scores

Fig. 3. Variable importance in projection (VIP) scores of rumen fluid metabolites in optimum temperature
period (OTP) and high temperature period (HTP) by proton nuclear magnetic resonance spectroscopy
analysis (n=6). The selected metabolites were those with VIP score > 1.5. The heat map with red or
blue squares on the right indicates high and low abundance ratio, respectively, of the corresponding
rumen fluid metabolites in OTP and HTP groups. The VIP score was based on the partial least

PC 2 (15.4%)

square-discriminant analysis model.

Score Plot

e oTP
A HTP

PC 1 (18.5%)

Fig. 4. Principal component analysis score plot based

on serum metabolites data in optimum
temperature period (OTP) and high
temperature period (HTP) group by proton
nuclear magnetic resonance spectroscopy
analysis (n=6). On the score plot, represents
an individual samples, with the blue circle
representing the OTP, and the red triangle
representing the HTP group. The abscissa and
represent the variance associated with PC 1
and 2, respectively.
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Component 2 (8.9%)

Score Plot

® OTP
A HTP

-6 -4 -2 0 2 4
Component 1 (14.9%)

Fig. 5. Partial least square-discriminant analysis score

plot of serum with optimum temperature
period (OTP) and high temperature period
(HTP) group by proton nuclear magnetic
resonance spectroscopy analysis (n=6). The
shaded ellipses represent the 95% confidence
interval estimated from the score. On the
score plot, each represents and individual
samples, with the blue circle representing the
OTP, and the red triangle representing the
HTP group. The abscissa and ordinate
represent the variance associated with
component 1 and 2, respectively.
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9 cellobiose®= OTP group®, 5-methoxysalicylate,

N-nitrosodimethylamine, tartrate, sarcosine,
MN-methylhydantoin, glutathione, gallate %
ethylene glycol HTP group®l4l #-2]&(p<0.05)2
2 &9tk 597 H3H0.05<p<0.)S Bl drAESS
Z 147092, 1 % O-acetylcholine, glycylproline
9 tyrosine> OTP group®l], UDP-Macetylglucosamine,
N-phenylacetylglycine,

pyruvate, isocaproate,

acetoacetate, lactate, N-acetylaspartate,
3-hydroxybutyrate (BHBA), succinate, isoeugenol
9 alanine2 HTP group®lAl foFoz &2 A3

(0.05<p<0.)& EIr}.

Variable importance in projection® 7|RFO.2
OTPL} HTP group?] % W thAMA vl Z3k= Fig.
63t At & 20719] tiARAIEC] VIP scoredk 1.5 o1
oz 39 F¥ow, 1 % methanol, erythritol,
sn-glycero-3-phosphocholine, O-acetylcholine,
glycylproline ¥ cellobiose®= OTP group©fA],
5-methoxysalicylate, sarcosine, MNmethylhydantoin,
N-nitrosodimethylamine, pyruvate, acetoacetate,
tartrate,

glutathione, N-acetylaspartate,

succinate, isoeugenol, N-phenylacetylglycine,
ethylene glycol ¥ gallate= HTP group©lA H|x3

=2 VIP scoredrs R Ych

Table 2. Differential enrichment of metabolites content of Holstein steers rumen fluid between optimum
temperature period (OTP) and high temperature period (HTP) group (n=6)

Metabolites Classification Tendencyl) P value? vip? Fc?
Pyridoxine Others v ke 2.17 0.15
N-phenylacetylglycine Amino acids A\ 4 h 2.24 0.24
4-hydroxy-3-methoxymandelate Benzoic acids A e 2.64 11.76
Caprylate Lipids v ks 2.16 0.33
O-acetylcholine Organic acids A b 231 15.01
Acetoacetate Carbohydrates v ok 1.96 0.31
N-acetylserotonin Others A * 2.12 3.44
Riboflavin Others v * 1.93 0.13

Betaine Others A * 1.87 8.58
2-hydroxybutyrate Organic acids A * 1.58 4.34
Malonate Carboxylic acids v * 1.68 0.46
3,4-dihydroxybenzeneacetate Benzoic acids A * 1.50 3.92
2-hydroxy-3-methylvalerate Lipids A * 1.79 7.87
Succinate Carbohydrates A * 2.16 6.14
Lactulose Carbohydrates v * 1.71 0.22
Benzoate Organic acids v * 1.39 0.31
Methanol Alcohols t 0.053 1.60 3.24
2-hydroxyphenylacetate Others t 0.056 1.32 1.80
Acetylsalicylate Benzoic acids ! 0.056 1.90 0.19
3-phenyllactate Others t 0.061 1.47 5.17
Glycolate Lipids 1 0.062 2.02 16.89
3-methylhistidine Amino acids t 0.067 1.78 7.59
2-hydroxyisovalerate Lipids t 0.071 2.09 34.48
Glucose-1-phosphate Carbohydrates ! 0.074 1.53 0.18
Acetate Organic acids | 0.075 0.33 0.95

Azelate Lipids t 0.088 1.66 2.46
Theophylline Others ! 0.095 1.35 0.98

l)Tendem:y : Comparison between OTP and HTP group, A/V : indicates relative increase/decrease significantly (p<0.05) HTP group,
t /1 : indicates relative increase/decrease tendency significantly (0.05<p<0.1) HTP group. Z)Significance determined at **p{0.01,
*p<0.05. SVIP : Variable importance in the projection obtained from PLS-DA model. YFC : Fold change; Ratio of the mean intensity

between OTP and HTP group replicates

494



P AT TEERTIE o187 22

£E 2] W2 Holstein 449 ¥59i905 o ) st Zesdy A

Table 3. Differential enrichment of metabolites content of Holstein steers serum between optimum
temperature period (OTP) and high temperature period (HTP) group (n=6)

Metabolites Classification Tendency” p value” vip? FC”
5-methoxysalicylate Benzoic acids A ke 2.33 8.79
N-nitrosodimethylamine Organic acids A ok 2.08 6.20
Methanol Alcohols v b 2.54 0.18
Tartrate Benzoic acids A * 1.87 4.77
sn-glycero-3-phosphocholine Lipids v * 1.83 0.39
Sarcosine Amines A * 2.32 16.62
Erythritol Carbohydrates v * 2.48 0.04
N-methylhydantoin Others A * 2.15 3.96
Glutathione Carbohydrates A * 1.71 4.46
Gallate Benzoic acids A * 1.50 3.64
Cellobiose Carbohydrates v * 1.55 0.26
Ethylene glycol Lipids A * 1.50 4.05
UDP-NV-acetylglucosamine Nucleosides, Nucleotides t 0.054 1.41 3.45
N-phenylacetylglycine Amino acids t 0.057 1.53 5.64
Pyruvate Carbohydrates t 0.058 2.07 2.87
O-acetylcholine Organic acids | 0.059 1.76 0.30
Isocaproate Lipids t 0.060 1.44 4.07
Glycylproline Carboxylic acids | 0.061 1.63 0.38
Acetoacetate Carbohydrates t 0.063 1.97 5.74
Lactate Organic acids t 0.069 1.04 1.51
N-acetylaspartate Carboxylic acids t 0.072 1.64 11.32
3-hydroxybutyrate Lipids t 0.073 1.38 2.10
Succinate Carbohydrates t 0.081 1.61 2.88
Isoeugenol Benzoic acids t 0.082 1.57 2.45
Alanine Amino acids t 0.082 0.76 1.29
Tyrosine Amino acids | 0.094 1.39 0.64

PTendency : Comparison between OTP and HTP group, A/¥ : indicates relative increase/decrease significantly (p<0.05) HTP group, 1/
| : indicates relative increase/decrease tendency significantly (0.05<p<0.1) HTP group. 2)Signiﬁcance determined at **p<0.01, *p<0.05.
IVIP : Variable importance in the projection obtained from PLS-DA model. YBC : Fold change; Ratio of the mean intensity between

OTP and HTP group replicates.

&

Methanol o HE

Erythritol ° ] ]

5-methoxysalicylate ° [ [ |

Sarcosine ° [ L]

N-methylhydantoin ° [ [}
N-nitrosodimethylamine ° Hl i

Pyruvate ° [ ]
Acetoacetate e [ L] I

Tartrate ° [ [}

sn-glycero-3-phosphocheline ° ]

0-acetylcholine ° [ ]

Glutathione ° [ L]

N-acetylaspartate o [ [}
Glycylproline ° [ ] I
Succinate ° [

Isoeugenol | [ L]

Cellobiose | o [ L]

N-phenylacetylglycine | o [ 1]

Ethylene glycol | © [ [}

Gallate | @ [ [ ]

T T T T T
16 18 20 22 24
VIP scores

Fig. 6. Variable importance in projection (VIP) scores
of serum metabolites in optimum temperature
period (OTP) and high temperature period
(HTP) by proton nuclear magnetic resonance
spectroscopy analysis (n=6). The selected
metabolites were those with VIP score ) 1.5.
The heat map with red or blue squares on the
right indicates high and low abundance ratio,
respectively, of the corresponding serum
metabolites in OTP and HTP groups. The VIP
score was based on the partial Ileast
square-discriminant analysis model.
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4, 1%
HE=5o] FQ X ¥hQ  VFAE  acetate,

propionate, butyrate 522 <F 70 : 20 : 10 %2] H]
2 7= o] Qrh. E 1.2 FHNAE AlE AFHF
o] ZAstl, A2[AE Ak oHA] &H7F F7KsT
[28]. Tajima {2913 Pragna 5(3012] Ao wt
29 I2AEH A EF Holstein 2H-901A &
VFA®} acetate T/t W2 23S HAHA Si3it
ol oi79] vk Y acetate®] H== HTP group
oA 22 H3Hp=0.075; VIP score : 0.33)& HIO
o, i hho] Hls) 4 AE A0 BlwE FHoslA|
douF[3]] o9} 2 HILE HQl ZoE AyZHT

Riboflavin A, ©3HE, ofn]eit 9 ZHtf
At F-E ARG Ve 32 w9 W
riboflavin "AJEC] o5 =M, AlmE FE Ef

= ©53ET ©id 50] oo et FIeith
[33,34]. T2AEFH A EH MEEES 5 W
pH7} ZA3SIaL o]& QA3 cellulolytic bacteria A3
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Asfl AZITH35]. ol A9
group®IA4 4-2]&(p<0.05; VIP score :
2 AFE Bk

Succinate A3 A} tricarboxylic acid (TCA)
cycle, reductive-branch TCA cycle ¥ glyoxylate
HAE R Bofst 9] Al 7HA] HAERE ATPE A
AJ3tt}. Succinate= glycerol®] ©o] &Aoo R Z-g-
o o] T FAEE IHA A6 IAEH A0
LE3H s ES AXRAE At oUAE ARstE
2 127]9] v N Y succinate 5= 52 ZoF
AZEt ol A19] succinates HTP group©fAl
F9H(p<0.05;  VIP 21608 E%oH,
glycolate ESF HTP group®llAl &2 A p=0.062;
VIP score: 2.02)2 Bt

g9 Hgh 2 A=A F ovA] £4e
R 3ol Hgt FAo] F7Ivte] mEt AF2d3E A&
AZle 4E ol AXItH37,38]. W9 W
methanogen< HH-& hydrogenotrophic F=Z2] 9
g AL Aol a8t oliietAE o]-831tH39,401.
F o= methylotrophic methanogenic Z=9] =gt
BdE ol methyl”17} Z3tE]0] Sl= methylamine
7} methanolE °l-&RIthaL SIGITH41]. ol 9]
methanol2 HTP groupIA &2 33H(p=0.053; VIP
score : 1.60) HYch TLAEFH A L& His
E9 st f diakAle B3 A= =W £ ofujgt
Qo Ak uHgt Agolr}, T2ER oj¥ AF: F
T BN W AAIE o83 ALAEHA Ao
Lol d Ao=w yZtdEn

g Y alanine, glutamate @ histidine glucose 41
A BHE 8 AFAR DA ArH42,43]. 5t
F559 AlEAFEe] A4sHA =W alanineo] &Jsf
glucose AT/ glycolysis IS AA H=3E
glucoseS HE3HH43,44]. Cao 54510 9J51H 1.2
2EG AL g =EEH N f alanine F43°] T
7¥5ka o]& 913} alanineo] & Ecty 3Tt ol
A9] alanine2 HTP group®llA =& Z3Kp=0.082;
VIP score : 0.76)& RET}

Ketosis:= @Y W BHBAS] 5=l m} subclinical
ketosis (1.2 ~ 1.4 mM/L)?} clinical ketosis (2.6 ~
3.0 mM/DE F+& & 4= oH[46,47], @Y, 25 4
& Y ketone bodies (BHBA, acetoacetate
acetone) WAHAIES o]8sto] Xdk & 4= QUrH48]. o
8 =2 A% A2 ol 283gt oy 8

riboflavin® HTP
1.93) 08 &

score:

=i
=

ol Z

==
T =2 v o = =
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ko] b8 Abm AZgko] Z+Aslo] ketosis7t S 2
&= 9tH49]. ol¥ 97-] BHBA (p=0.073; VIP score
: 1.38)%} acetoacetate (p=0.063: VIP score : 1.97)
+= HTP groupolAd &2 A& Bt
Pyruvatet glucose &3ljo] 2J5)] A= 57124
i TCA cycleE Bdl °vA I3 g
acetyl-CoAZ A% & &= QItH50]l. 712449
pyruvate= lactate dehydrogenace©] 2J3} lactateZ
A= o= oA FFE AT glycolysis AAE
A5H= 98 319 glucose?] FHEAMEO|TH51]. o]
ATl pyruvate (p=0.058; VIP score : 2.07)%t
lactate (p=0.069; VIP score : 1.04)= HTP group®]
A B2 AFE B
Residual feed intake (RFD)® Al® &82
U HOE o BF 7Y AIF(HA) E
Hio 2 A 7|t A AA AHEEY A
5= o} olz REEES Aey dFsAT =
Fsh52] W& RFI= &2 RFIO| Ho] d5A1%F
o] ARl Ja[53], wigt A= < 25 ~ 28

o

o
3]
=2

o

% B W2 A& d#A Jot54]. Foroutan 55319
Ao AE &2 RFI group? 89 W succinateS}

tyrosine®] &7} w2 AR/E HAth ol A+Y
succinate (p=0.081; VIP score : 1.61)= HTP
group°lAl =2 AFS Btk T2AEH AL RFlE
27420 B2 QAN TEH R Abm 3 g
Ao o] Qle}. 1HERE oleh Z-2 tAAIEE vt
F5EY T2AEHAE AT & 5= Q= N | thAt

A bio-marker $EF0] E 4 S ZAoF AziEc)
5. &=

ol A= 25k WSl mE Holstein 4

o w9zt Y of thAA] Bl AFE ISt

ol

HEQAo) = & 27719 dhAAIE ] F9d E= /Y
A AFS B, I F acetate?} riboflavine OTP
group©A &} OH, succinate®} methanol> HTP
group°IA =0T F0MA= F 26719 hAAIEC]
FOA EE= 994 HFS B, 1 F acetoacetate,

ol

alanine, BHBA, lactate, pyruvate ¥ succinate=

HTP group©lA =3ttt
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