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Effects of Different Roughage to Concentrate Ratios on the Changes
of Productivity and Metabolic Profiles in Milk of Dairy Cows

Eom, Jun-Sik - Lee, Shin-Ja - Lee, Su-Kyoung - Lee, Yae-Jun - Kim, Hyun-Sang -
Choi, You-Young - Ki, Kwang-Seok - Jeong, Ha-Yeon - Kim, Eun-Tae -
Lee, Sang-Suk - Jeong, Chang-Dae - Lee, Sung-Sill

This study was conducted to evaluate roughage to concentrate ratio on the changes
of productivity and metabolic profiling in milk. Six lactating Holstein cows were
divided into two groups, T1 group was fed low-concentrate diet (Italian ryegrass to
concentrate ratio = 8:2) and T2 group was fed high-concentrate diet (Italian ryegrass
to concentrate ratio=2:8). Milk samples were collected and its components and
metabolites were analyzed by 'H-NMR (Nuclear magnetic resonance). The result of
milk components such as milk fat, milk protein, solids-not-fat, lactose and somatic
cell count were not significantly different between two groups. In carbohydrate
metabolites, trehalose and xylose were significantly higher (P<0.05) in T1 group,
however lactose was not significantly different between two groups. In amino acid
metabolites, glycine was the highest concentration however, there was no signifi-
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cant difference observed between two groups. Urea and methionine were signifi-
cantly higher (P<0.05) in the T2 group. In lipid metabolites, carnitine, choline and
O-acetylcarnitine there were no significant difference observed between the two
groups. In benzoic acid metabolites, tartrate was significantly higher (P<0.05) in
T2 group. In organic acid metabolites, acetate was significantly higher (P<0.05) in
T1 group and fumarate was significantly higher (£<0.05) in T2 group. In the other
metabolites, 3-methylxanthine was only significantly higher (P<0.05) in T2 group
and riboflavin was only significantly higher (P<0.05) in T1 group. As a result,
milk components were not significantly different between two groups. However,
metabolites concentration in the milk was significantly different depends on roughage
to concentrate ratio.

Key words : concentrate, Holstein, italian ryegrass, milk, !H-Nuclear magnetic
resonance
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(e} _IQ'_Q] /Ké%% :":1-1‘;:, _IQr;qH]- Ou}uﬂ;g j_g] 01:1— Eo] o) ou:] .11—?(—;(4 eR=4 EL 87.3%,
A 3.5%, FHHBE 3.4%, 183 FF 4.6% 52 T45 0] JAthKorea dairy committee,
2016). T18]aL A &7F FFH sk AFRC TR vlE wet o] WslEW dfsae] &
gt A4 QOB E(Ki et al, 2016) AT} FFAIRSY FF B AFHHIE] w§ Fasith

RaoA Fd 2AE 2 AFHVES Y AL AFSI Aok T ol tiAbg AW
of|ibol] & 3}A o] (Spahr, 1977), B} EHH|S = A A8l =2 FH(Han et al,
1996), RE+9] pHE A AIA HAE o] F718l7] ool th(Bartely, 1976). g ¥H5-9]
W acetate : propionate Hl&©°] FOoFA|HA AHrEF B A gheFo] Frlel Al 7]
9| H(Henry, 2006).

HZole 2AES BFAE A F Hl80] 45% : 55%01A 60% : 40% oo = Wil
Atk ol M= Aakulgo] 71 B3 YFh o] W HF I oo A FH o] ZA}
55 FYste 2ol dAsta Atk Ty df S STV S8 AR AFH R

2 BFT SN AH 1SS Z/HITE T P YO BE(Ko e al, 2014) &
ARSI FFAR AA 82 sl AR AR 2 #F v B ATV DL
Aoz AudL,

AN Ao U FL B A,

a Fred, f, FAIFEE = 9 A
z Az 2 = U U
AR HE o] Wiste]] w}a‘r leHth A o Rom, HFHOZE
Aol gok = FAo HAFe rNxAZE Y £ 7] wEo|tkSundekilde et al.,
2013). 23y FUlellE A2 B3 FE 54 H7KChung et al, 2008) Z A E



8 EA4(Kim et al, 2011) 59 A7 Ao YA AF W thrALHE g A7+
g AAolth, 2 EZ oA AAtEE AR W tiAREE 4o o]FojXgH o
fr FEH7E 8 olye} o yoprt ZAae] AW e x E3o] H ZoE AIRHETh
AHE £48 GC-MS, LC-MS, CE-MS % NMR (Nuclear Magnetic Resonance) 5= ©|
23} o™, 1 F NMRS GC-MS, LC-MS % CE-MSel B3] ZF=x= SA|vF =4 A7)
o, AES AAYTE vl rdsithe Aol s W ool B AR E4 0]
7153k A7 o] 2th(Hong, 2014; Ramautar et al., 2015). =3k o] 2] 7}x] 2]3F 9] AR 220
g o] &5 O (Wishart, 2008), = 2]oll A= NMR< ©| &3 A-f Wl thA =< tigt

AT7F ®o] FYF 1 9l 02 Z(Sundekilde et al., 2014; Li et al., 2016; Mazzei and Piccolo,

2018) U 1 THFF hAAE Bl HPY Ao BoE,
gebd ofwl A7 HHe MzolA AR olgelel eholaekast FFAE 7O
H&-S 27t 829 282 FAG T AL, AAY, KN, FF, FALZE DL AA

i

T A3 HNMR7I71E o] 83 df W taktEe] Wsls gelstalrt.

—
o

A% 8 Akt

AT A B BAFE) AR E FYFATNY FAAUNLRE APFE
Mol whe} = =glom S2ER] 6F(F T Al S : 598 £ 90 kg, BHAFAL: 1~
A, ARl F Folre TR Y3 A2 Hon, FERl
Selel elol2efes) S RAE Godl i salRelel dolads 4 ke B FA
U A 35 2:8(01g2l¢t 2to] a8k 1.6 kg, BFAME 6.5 ke)Z Sl 19
A, =3 iU 52 AFAFAES slen, olgget golaskxs B FF AL
= FS Table 13 2Tt
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Table 1. The chemical composition of Italian ryegrass and concentrate used in the experiment

Chemical composition (% DM) Italian ryegrass Concentrate
Moisture 7.40 11.20
Crude protein 5.60 20.01
Ether extract 0.84 2.00
Crude ash 4.84 6.43
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Chemical composition (% DM) Italian ryegrass Concentrate
Crude fiber 34.84 20.00
Ca 0.21 0.80
P 0.13 0.51

Acid detergent fiber 38.95 6.86

Neutral detergent fiber 66.54 19.81

E2ERRIS] A AAFFS Tfo]Zeil FfA 2"lo) o3 F 253 SAsI e, 1 F
392 AFE ol H AYe AFHsEA &7l & 42 F 4TAA ATt 1 F
Zo| A 1583 AA AR & Milko-scan 4000 series (Foss Electric Co,

PN
.
Denmark) 1 E o §3ke] A%, UMY, §3, FADIE 2 ANEFE YT

'H-NMRS ©] &3 tAFE 2498 93] -80C deep freezerol] B3 521 A7 AH&S 4
2oA FAIZ F 4000 g 1583 4CE FASHA %“—-‘ﬂﬂ‘ﬂ Aol E8E AdF
= 500 uL

AA ¥ k55 300 pLet TSP <4 300 uLE EFIATh 1 & 38 dF 4
5 mm NMR tube®] 7 E°} SPE-800 mHz NMR-MS Spectrometer (Bruker BioSpin AG)Z
o] &3] 4L ST

1) '"H-NMR 24 =A

L Al Zol Uit 'H-NMR 2=H EZ L Noesy 1D sequenceS AHE-3le] AE A &

2 25CoAA PP o, =4 =12 th33 2t} Spectral width 20 ppm, acquisition
time 2s, time domain 64k ZA O 2 128 A~7W3IATH &ujel B9 9IS HA3E7] 9
3| pre-saturation S ALE3}H o, o|uf saturation delay 1.5% saturation powere= 6%
saturation frequency®ll A =23} A .

2) HIO|Ef HMakgt AME
Zt Algel it 'TH-NMR HoJEHE 42 & Chenomx A ZE | ](Chenomx NMR Suite
8.4, Chenomx Inc., Edmonton, Alberta, Canada)E AF8-3}9 baseline?} phaseE &L 31A w3



151

B
>
il
o
off
on
_'>L
il
o
il
£
=
L

o
_1214
o
o
Jo
o
22
o,
i)
fu}
>
23
il
2
=)
)
rr
of
oft

ATt AA~HEH He= 0~10 pmelU% 71% BEAZ 83 TSP 939 Yx9F A&
s AR A 2FE7] Y&l AL, AN E Chenomx 8.4 AZE 019} 'H-NMR
Suite 2to]H 18]S o] &3te] AR tid A# g AE3IATH

4, FAEA

1. .%__] xg/k %l: ol &)

il = "o /‘ﬂ

Sh?
Sh

ojgr]t EM:LEVQ} FEAE o HEo BE A AL 2 AR B tig A
F= Table 29F 2o AF AMFE F FoAF0 FoA(P>0.05)80 AFol= VERA] &3k
o FAY 9 foed @%k HA F FATL F93(P>0.05)2] 2ol YERFA gkgko
™ Lawrence 5(2015)2] Ao} FARIATH FFAE HHFS S7H71HE Af Aitgol
F7Vetal, A AR AAFS F7HAA A S wolve AUt e A7

Table 2. Effects of different Italian ryegrass to concentrate ratio on milk yield, milk
composition and somatic cell count

Item T1! T2? SEM® P-value Mean

Daily milk yield (kg/head) 25.33 25.55 2.84 0.9585 25.44

Milk composition (%)

Milk fat 3.88 3.78 0.46 0.8865 3.83
Milk protein 2.81 322 0.20 0.2121 3.01
Solids-not-fat 12.70 13.40 0.34 0.1802 13.05
Lactose 4.61 4.64 0.18 0.9021 4.62
Somatic cell count (thousand/ml) 19.50 15.67 5.81 0.6739 17.20

'T1 : Italian ryegrass to concentrate ratio = 8:2.
T2 : Italian ryegrass to concentrate ratio =2:8.
>SEM : Standard error of the mean.
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F7F A A S W (Henry, 2006; Ko et al., 2014), o] A= i AakaF 2 HRo=
9Z(P>0.05)%1 ZFol7} YEYA &4 A3E HA
2. 'H-NMR % o] &% S1# Wl Az

olggQt gto] a0} FFAE Fof HlEo| E AfF AE W IAHER F 4670 S

A =2 ™ carbohydrate A|E 6%, amino acid AlE 8%, lipid A€ 3FF 12]3 7|}
AE 8FF=2 ARES £/ F 6714 9f A5 'HNMR ~HER 1 39| o
A8 M) 5281 2.4, 3-methylxanthine, acetate, creatinine, fumarate, homovanillate, methionine,
riboflavin, tartrate, trehalose, urea 2 xylose JAMLFE2 o|&E|Qt Slo]agtxe}l FFAIR T
of Bl &l W} 79 A (P<0.05)%! BHZ Zpol7t U= AS EIE 4 AJTh Fig. 12
'H-NMRE o] &3 f MEY ~HER Aoln, 3714 o402 ZAH multiple peak
Y AFFE lactose, glucose 52 A 23t single =+ double peak &2 ZHH thAMFES 7]
s

)
| 12| |ln 17
. 41
1
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Fig. 1. The representative spectrum 'H-NMR obtained from milk samples. The spectra
were constructed using TSP at 0.00 ppm as reference.

Spectra number — 1: 5-Aminolevulinate, 2: Acetate, 3: Allantoin, 4: Betaine, 5: Carnitine, 6: Choline, 7:
Creatine, 8: Creatine phosphate, 9: Creatinine, 10: Galactose, 11: Malonate, 12: Methanol, 13: O-Acety-
Icarnitine, 14: Tartrate, 15: Trehalose, 16: Xylose, 17: TSP.

3. A W tiAE =l 8l WS

1) Carbohydrate A& CHAME
1+ Wl carbohydrate AlE 2] tHAMEE & ©EF< galactose, glucitol, trehalose 3 xylose
2} o]l cellobiose % lactose”} 57 ¥ A THTable 3). Sorbitol 2% E2]™ glucose 2 fructose
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BAEA FS 5= G(Park and Lee, 2012)2 bl EH A A= glucitol > F
S [e=]
[¢)

.7—
o 7 59 #(P>0.05)¢] 2Fol7} YJENFA] €4kTh Trehalose= QTFEEQ] Fn|o=

O_L.

AR A ZA 2] EIHWoo et al., 20107} Aot LA 9o

.
RUEEN
i)

<l

H

[\]
H:Ll
£
‘Ll FU
?

B2 ol Al F22(P<0.05) 2.2 =34t} Xylose: BA7F oAl 710l &
g FRolH, 2% A FA oA AWnkge] S vE F vk dEA AthRyu
al., 2003; Jung, 2017). & A7 A3 T2 g 7oA FolA(P<0.05)0.8 H& 208 Ho}

%@A}g AA wge] B2 ZaolM D URE FHE HEE7] A QAR 712kl

AojgH Arnkgo]l dold = & Ao ' ARHET AF2o oF 3.4% HFS AHASHL,
oA e] ¢F 30%Z 7}R lactose”t 7HE Bol HEH AL FUAT 5 AT E=F FFA
S AF7F BobA™ w9 W glucose FEFol HOFAAL(Son et al, 2011), FAIZZ W

lactose o] oA F W lactose =l 9F= U]?ﬂ Al HaE oA ATHAnnison et
L 1974). 28 o)¥l AT Azt T Fol Tz 4 (P>0.05)2 Zol7t YERA o
EIQ—U% o|9} Z& A= Lee 5(2013)F FASIATE

12

Table 3. List of carbohydrate metabolites in milk according to different Italian ryegrass to
concentrate ratio

Metabolites (uM/L) T1 T2? SEM® P-value Mean
Carbohydrates
Galactose 338.60 336.40 64.29 0.9819 337.50
Glucitol (mM/L) 3.39 3.55 0.59 0.8532 3.47
Trehalose 118.73° 220.70° 12.46 0.0044 169.72
Xylose 108.45° 209.10° 16.37 0.0490 158.78
Cellobiose 243.37 215.27 41.39 0.6562 229.32
Lactose (mM/L) 40.84 50.76 4.92 0.3979 47.47

®Means with different superscripts in the same column differ significantly (P<0.05).
'T1 : Italian ryegrass to concentrate ratio = 8:2.

T2 : Italian ryegrass to concentrate ratio = 2:8.

’SEM : Standard error of the mean.

2) Amino acid ¥ lipid Al CHARME

A W thAHHE F amino acid ¥ lipid Al €] A A= Table 491 2t} 2014

B FY 972 A& Hrlo fad S F7FE A 0 2 2(Won et al., 2016), ©Fv

A Al AIE 28 2 WSl Tjg o] W3 A o2 A2 HTE Methionined S

W FheFe) vl x| HlFo] & AMEAEERE Bl 27], ¥7] AH99 4 Ul 253 &
o

B FFE B F7]) A8l sFARE Folste] AAFe 2ATL A oM (Lee et

AURNEUR

o 1
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al,, 2008), & AT A7 T2 gHToAA FH(P<0.05)22 =yt T8y A4 &
SE A0 A A 9ad Y FFOE olojx Y 9 f{ | oprAt F
F7¥ste] Q4E A o]l Fobd FE| A o] v H 4 oty BaxojA gtk
(Choi, 2004). 7L % Ureat: 9f U 228 FAMUN)E S7HAZ & A= EFZA, T2
Fol ol A o H(P<0.05)22 =%OoH, Lee 5(2013)2] Aol FABINT Yang 5
(2016)1 2J3H4 valine2 branch chain o} 540 2 A acetyl-CoAol] o] i Z47] &
2590l g2 AR A AAHEE S22 48X Juh AT A, F23(P>0.05)2]
2ol & ROl g AOE Hol FA9} H3ALE Fo W& valine?] & W3l A
o] e Ao 2 AR Sunekilde 5(2011)0 2J5ha 317} &= ¢

O 1
T =
cholinee &%7} %0}A 11, camitine= 2ol LA Yot B A2 7}of A

¢
r.(

=< = 1T
& (P>0.05)%0 ZHol7F YERA] &2 AS R Hol {2 Fankgole= FaFs 71XA &
£ 222 HA HNMRAAE &4 F7F 58 AYAE trARE S4o] o5y W&

2

B TR tatEoe] FAHA Fshoh

Table 4. List of amino acid and lipid metabolites in milk according to different Italian
ryegrass to Concentrate ratio

Metabolites (LM/L) TI' T2? SEM? P-value Mean
Amino acids
Anserine 6.30 4.10 1.56 0.3757 5.20
Creatine 105.93 16.97 32.63 0.1261 61.45
7 -Methylhistidine 4.57 3.37 1.22 0.5238 3.97
Glycine (mM/L) 1.78 1.99 0.08 0.1617 1.88
Methionine 15.90° 32.00° 0.97 0.0274 21.27
N-Acetylglucosamine 127.80 116.30 28.53 0.7898 122.05
Urea 201.57° 408.17° 12.41 0.0003 304.87
Valine 8.37 8.53 0.70 0.8740 8.45
Lipids
Carnitine 90.43 81.20 13.74 0.0867 86.74
Choline 364.87 255.07 38.78 0.1159 309.97
O-Acetylcarnitine 85.40 64.47 1.26 0.0749 6.95

®Means with different superscripts in the same column differ significantly (P<0.05).
'T1 : Italian ryegrass to concentrate ratio = 8:2.

T2 : Italian ryegrass to concentrate ratio = 2:8.

’SEM : Standard error of the mean.
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3) 7IEl THARUGE

A W dAHE F 718 AMHES] A= Table 591 2T} Benzonic acid AlE thAH:E
E tartrate= T2 G 7oA 73 (P<0.05)0.2 =3Th W59 W acetate =+ 74 &
F S7tol 3ol Hojx o, Ui W WA= = acetate™ ethyl acetate, butyrate2} FHA|
A EANA FElE tEZQA AR olgt . dEA 3, ] 23 299 YF
W acetate= Staph.aureus T E. colioll 9|3l AAdE ASZ dHA JATH(Hettinga et al.,
2009). & AT 2 T1 S FNA acetate”} 7] & (P<0.05)2. 2 E3=T), ol 2AE 4]
F vlgo] Fob W9 W acetate =7 HokA AfFolAE B4 SAHE ZoE HIlT
Maher “5(2013)°l &3} fumarate= F-+ W trimethylamine®] F%¢} 9 434 E YehA
i st B A2 trimethylamine®] 752 Q] trimethylmaine N-oxide®] & %7} T2
Fod oA @eko | fumarate B 57} 723 (P<0.05)0.E E=A ZAEUch 3-Methylxanthine
< HFHo R e4to g WHAHEH, AR AFH HlEo] & T2 goTolA F93
(P<0.05)0.2 =AUt o]¢} 22 A= T2 g TolA ureaZt =41 SAE A 3ol 9l
£ o2 ASHT) Riboflavin HIEF B,2A F U Zf & o2 =2 v&s
2} A @FthRhie and Lee, 2015). ¥ A5 A3} T1 FFANA 52 3(P<0.05)2.2 =4+,
AR AF o] £ AL AF Ul L Tl E710l olek 2 A3t vyEwt
AR "ok s3ARE A FH7E BobAlE w9 Wl propionate A T-EZ Q] fumarate”} E01A|
M A propionate’} F7}8ke] Q- AAateFo] 713tk 4# A JYTh(Ha et al., 2013). B A
T A3 T2 g 7oA F92(P<0.05) 2.2 FUAT, AdF Fibd S7H A= YA

stk

Table 5. List of others metabolites in milk according to different Italian ryegrass to
concentrate ratio

Metabolites (uM/L) T1' 22 SEM® P-value Mean
Alcohols
Methanol 10.13 9.97 0.53 0.8364 10.05

Aliphatic acylic compounds

O-Phosphocholine 5.55 64.40 28.25 0.2390 40.86

Trimethylamine N-oxide 123.80 3.00 85.00 0.3718 63.40
Amines

Histamine 2.80 2.50 0.65 0.7616 2.65

Sarcosine 54.27 45.90 9.09 0.5507 50.08
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Metabolites (uM/L) T1' T2? SEM® P-value Mean

Benzoic acids

4-Hydroxy-3-methoxymandelate 2.20 4.50 0.42 0.0618 3.35

Tartrate 72.87° 82.53" 2.37 0.0448 77.70

Carboxylic acids

3-Hydroxyisovalerate 18.30 57.83 10.50 0.0563 38.07
5-Aminolevulinate 69.20 27.63 19.54 0.2069 48.42
cis-Aconitate 9.90 3.27 4.04 0.3317 5.92
Creatine phosphate 134.47 362.63 81.61 0.1192 248.55
Guanidoacetate (mM/L) 4.85 7.04 1.12 0.2362 5.94
Homovanillate 1.23° 2.30° 0.21 0.0383 1.66
Malonate 32.50 54.73 6.21 0.0645 43.62
Imidazolinones
Allantoin 13.53 10.30 3.00 0.5030 12.24
Creatinine 132.17° 33.10° 19.75 0.0239 82.63

Organic acids

Acetate 31.77° 13.07° 2.89 0.0102 22.42
Fumarate 1.80° 7.90* 0.37 0.0013 4.24
O-Acetylcholine 6.30 7.60 597 0.5070 74.93
Isocitrate 317.30 351.60 146.78 0.7995 328.73
Ete

3-Methylxanthine 1.23° 1.80° 0.08 0.0156 1.46
4-Pyridoxate 1.25 1.10 0.11 0.4226 1.18
Betaine 192.97 158.20 18.94 0.2642 175.58
Pyridoxine 1.23 1.20 0.06 0.7244 122
Riboflavin 3.57 1.50° 0.40 0.0352 2.74
sn-Glycero-3-phosphocholine 325.03 410.37 64.75 0.4042 367.70
Theophylline 1.23 0.80 0.26 0.3235 1.06

7 -Methylhistidine 1.83 1.83 0.23 1.0000 1.83

®Means with different superscripts in the same column differ significantly (P<0.05).
'T1 : Italian ryegrass to concentrate ratio=8:2.

T2 : Italian ryegrass to concentrate ratio = 2:8.

3SEM : Standard error of the mean.
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ZAL RS} FFAFS] Fo Bl Eo] $FAHLAd T AR nX s Fd tF ATE
FYAY. TAEFLS FHE4AETY AN AE E2ER] 675 0] 831 3FE 9]
ejotk glolagk a9t FFALE FoHI &S 82, UMA 35 2:8% dlo] 1Y 23] BE F
o5l Af A, FAE L 'HNMRE o] &3 A U tiAkbE 248 A5 ¢
A AR B D AAEZSE 5 F9 3 F93(P>0.05)0 2] 7 YERGA] ¢k

=y
=
ool vleE Af A 2 fAE

W= APAT Aol FASEA T Carbohydrate
A WAMHE trehalose®} xyloset= T1 FolFollA F23(P<0.05)SZ =k} lactose
FFe F Fol T FoAFH(P>0.05)%0 2ol7F YERA]l ¢49kth Amino acid A2 WHARTE

% glycine 3ol 7 =AAT, F Fod F {9 H(P>0.05)20 Zol7t §loH, Ureas}t
methionine= T2 T TNA F9 3 (P<0.05)2.2 =3t} Lipid acid A€ WAFE camitine,
choline 3! O-acetylcarnitine + w1 b 79| 2(P>0.05)%1 2tol= HERA] 23Ut Benzoic
acid A8 AR tartrate= T2 5o 7oA 72 &(P<0.05) 2.2 =4t Organic acid AlE
UAMEE acetate= T1 T 7ol A 79 3(P<0.05)22 =32 H, fumarate= T2 770l A
2 A (P<0.05) 0.2 =3t} Z[EFAMIER EF5 o] = 3-methylxanthine> T2 < 7ol
A Y F(P<0.05)C.2 Ekon, HIEM B,E B E riboflavine T1 Fo] oA f2
(P<0.05)0.2 =AU} ol AFZAFNA = o|get gto| a9t TFAE g9 HES
dEetdS W FAAE, A, feEd, £, FALFEE @ AMAEZ ¢ 4 A o
Z(P>0.05)0 zFol7F YERGA] FUAIRE, A Ul o dIAREES §29]3(P<0.05)%1 o]
7F Yetde S 90 5 Ug

2] o] 'TH-NMRS o] &3 9f W tHAMHES B3l S uf acetate, furmarate 2 lactose
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