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Title Effects of Total Mixed Ration (TMR) on Rumen pH
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ABSTRACT

A study on the effects of Total Mixed Ration (TMR) on rumen pH and
digestibility of nutrients in crossbred Holstein Friesian heifers, was conducted in a 3 X 3 Latin
Square Design. Three fistulated heifers were fed with: 1) rice straw and concentrate (Treatment
1); 2) TMR which consisted of chopped rice straw mixed with concentrate (Treatment 2); and 3)
TMR consisting of chopped urea-treated rice straw mixed with concentrate (Treatment 3). Rumen
fluids were collected at 0 (pre-feeding), 1, 2, 3, 4, 6, 8 and 12 hours after feeding. Consequently,
digestibility of nutrients and feed composition in feed and faeces were also measured.

Results showed that no significant difference existed between the three
treatments in rumen pH afler feeding but tended to be lowest at 4 hours after feeding then
increased in the latter stages (P>0.05).

No significant differences were also found among treatments 1, 2 and 3 in terms
of digestibilities of DM, CF, EE, NFE, NDF, ADF, GE, hemicellulose and TDN (P>0.05).
However, CP digestibility in treatment 3 was much higher than in treatment 1 (P<0.05) while
digestibility of cellulose in treatment 3 was also much higher than in treatment 1 and 2,

respectively (P<0.05).
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Wug 5@@&7@ i T)s6u NDF ADF  viwiin
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- N6 94.8 14.4 i 71.8 51.5 446.1
- 10 94.2 13.9 42 69.2 48.8 223.0
- AN 94.3 11.8 4.0 79.4 50.6 420.0
-~ aunde 94.4 13.4 38 735 50.3 363.0
W399
- NS 94.1 16.5 oW 69.7 50.9 321.0
- w27 93.9 14.7 4.1 73.1 51.8 285.0
- uZA-105 93.9 16.0 3.4 75.4 48.3 280.0
- Aundo 94.0 15 3.7 727 50.3 2953

AU B WATAUE (2533)
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Lo uUYIUIINAN (acute acidosis) Lﬂmmuﬂman‘wnuaa LLGIﬁWiJﬁﬁ'Vlﬁﬁ
Tadesin ldd luldsumssnuioniaiunied Tavemshinude langaiuoms miols
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2. 0w lUguns IMTenULIT3e (sub acute or chronic acidosis) WU 11BN
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] o Hem A | R & < o A Y e '
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¥ I
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Y 9 @ @ o @ o A A o & B
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a d o ro @ 1
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= a a o < [ @ '
(2539) 1@ uRwAuddniwavosomskauasinemsnindeslugiuuuazms
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o o & ' o o v o a o a
6.66 naz 6.47 MudvugIeg luszavimzaudomItauvedlszsnigdunsd Usunw
¥ [
nsa lusiuszmo 19w (C,.C,nazC,) ¥09@n 1aNe 3 ngunde 40.00 42.00 1Az 46.33 Uad lua
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apanIFatinug ued luszauilng
g v = : o Aq ¥
Bargo et al. (2002) 1AAnY 1040158088 M 1318z N3 viNnsoouee lauunlina
S Y et £ Pt ) @ - 3 < ¥
HAAZINI835NI5 TR IMISNUANAINY 3 S2UDAD DI ITHAN U IUaZRIMITHANIES 3 Tay 1%
Tanunriums anudaliguniwdsiuam 6 arlumsanslinquneass 3 nquilsznouday
£4 £%
R T TG EL R R PE Y
2. WAz IIIHTIESY
=1
3. oIMISHANMES Y
pansfinylsinganududuvemen ludlolugnuveinqunanesi2uns3 (10.2 mg/dL)
' v 3
AININGUNAQBNL (19.9 mg/dL) a1 pH Tugwu bilasuransznuanndunaaeis 3 agu
HaNANRAUIMINU 5.87 HATIVYDINIA IUNUTTM09I(137.5mmol/L) TiaenunasnInien
[~ s t v %
0N UTATIUYBIABZAD (63.1 20.6 UAZ12.05mmol/L VB acetate, propionateltfiZbutyrate
o v & Y 2
MUAIAY Fanamanaaed lanans 13 lumsie 11

~

M3 11 HAMSANYINITUBLDIMISuAMINITNosued IANUNaNaATIN IASUBINIS

=D,

HANATIINY 3 TEUD

NAUNARDY
NI +OIMITDY MO+ TMR 2115 TMR

pH 5.89 5.88 5.83
NH,-N, mg/dL 19.96 10.75 9.74
Total VFA, mmol/L 140.92 130.05 141.56
VFA, mmol/L

- Acetate 64.88 63.59 60.71

- Propionate 19.42 19.74 22.49

- Butyrate 11.56 12.19 12.37

N Bargo et al. ,2002
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v =t v = Y o o s 3 7 4
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I%GWWWSWQE’I@Q@QN %W?IW@LLﬁZ@@ﬂWWNﬂ&"JuWNﬂ 12 Lﬂ@ﬁmﬂ‘u@ fnﬂlilﬁﬂghﬂ 20 Lﬂ@ﬁl“ﬁuﬂ

v <3 A S @ P “ 9
Uae 9115 UU 60 Lﬂ@?icﬁuﬂ Iﬂﬂuﬂarﬂﬁ‘ﬂlwuﬂlﬁﬂauﬂﬂﬂqﬁmﬂaa\i’ﬂ 1 URENIINATDIN 3 Gl‘]f

o g, o A & 7 g o y = o
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g < = @ aoa a L4
M3 12 71 pH Tugwuves Iauui Idsuomisiiuiwles

MINAADIN3

Wismes MsNAGER] A15NARDIN2
19 BEl firasees 11 Ao TR
neul¥enis
- pH 684 690 687 633 666 643
naaldomis (4 )
o1 618 630 637 610 612 590
naelioImIs (8 su.)
- pH 595 616 612 S80 566 5.66

T1 T2 T3

644  6.03 6.42
5.69 597 6.16
599 579 5.96

17 : Xu et al. (1994)
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row column (IANAQn09) NasIu
(5zoz1a) 1 2 3 HUIUDU
i T1=6.83 T2 =7.02 T3=6.74 20.59
2 T3=7.12 T1=6.72 T2 = 7.06 20.90
3 T2 =06.55 T3=7.06 T1 =7.05 20.66
Nammmé’?a 20.50 20.80 20.85 62.15
M aENI NI
Tl 2 T3
6.83 7.02 6.74
6.72 7.06 7.12
7.05 6.55 7.06
WOV 20.60 20.63 20.92
m?%a F 6.86 6.87 6.97

Faszvinmls)su

F- table
SOV df SS MS F-cal 0.05 0.01
column 2 0.0239 0.0119 0.09" 19.00 99.00
row 2 0.0176 0.0088 0.07" 19.00 99.00
treatment 2 0.0208 0.0104 0.08" 19.00 99.00
error 2 0.2593 0.1297
total 8 0.3216

CV =521 % NS = lIanuanianuniagng
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row column (1ANAaDI) W32
(srozan) 1 2 3 HUIUBU
] T1=6.39 T2 =7.00 T3 =16.83 20.22
4 T3 =6.90 T1=6.31 T2=16.96 20.17
3 T2 =6.52 T3 =6.88 T1=6.55 19.95
HAS LIS 19.81 20.19 20.34 60.34
AuaRENINIIUA
Tl 92 %
6.39 7.00 6.83
6.31 6.96 6.90
6.55 6.52 6.88
WA AU 19.25 20.48 20.61
may 6.41 6.82 6.87
Tnsrzranuusyim
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 0.0497 0.0249 oRis™ 19.00 99.00
row 2 0.0138 0.0069 0.12" 19.00 99.00
treatment 2 0.3755 0.1877 3.39" 19.00 99.00
error 2 0.1108 0.0554
total 8 0.5498

CV =3.51%, NS = MIaNuusnaissuniegna
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row column (1ANAnD9) A ERN
(szozin) 1 2 3 HUIUDU
1 Tl =6.65 T2 =17.04 T3 =6.87 20.56
2 T3 =6.87 T1=6.26 T2 =6.86 19.99
3 T2 = 6.48 T3=6.92 T1=6.71 20.11
T -
WS IULUING 20.00 20.22 20.44 60.66
ARBENI I
Tl T2 T3
6.65 7.04 6.87
6.26 6.86 6.87
6.71 6.48 6.92
WA 19.62 20.38 20.66
i 6.54 6.79 6.88
Insrzinamlsisiu
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 0.0323 0.0161 O 19.00 99.00
row 2 0.0602 0.0301 0.31" 19.00 99.00
treatment 2 0.1930 0.0965 1.00" 19.00 99.00
error P 0.1921 0.0960
total 8 0.4776

CV = 4.59%, NS = 1A NUuanaenunaans
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M31EUIN 4 Insndeyaanuidunia-aisTunszmiz pund luh 3

row column (1ANAan9) Ha3 I
(srozIan) ! 2 3 HUIUDU
| TI=6.36 T2=6.98 T3 =6.65 19.99
2 T3 =6.89 T1=6.30 T2 =6.87 20.06
3 T2 =6.66 T3 =6.89 Ti=7.00 20.55
waﬁ’muu?é‘;’la 19.91 20.17 20.52 60.60
AURBENINGIUE
T1 T2 T3
6.36 6.98 6.65
6.30 6.87 6.89
7.00 6.66 6.98
WOSIU 19.66 20.51 20.52
Lﬂ?ﬂ'ﬂ 6.55 6.83 6.84

Tz nuslssiu

F- table
SOV df SS MS F-cal 0.05 0.01
column 2 0.0625 0.0321 28" 19.00 99.00
row 2 0.0621 0.0310 0.23" 19.00 99.00
treatment 2 0.1469 0.0734 0.55" 19.00 99.00
error 2 0.2678 0.1339
total 8 0.5392

CV = 5.43% NS = IiaANUANANAUNNEDR
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S ; o =t
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row column (Iﬂ‘ﬂﬂﬁm) NOIT U
(sxuztin) 1 2 3 HUIUDU
1 T1=6.16 T2 =6.83 T3 = 6.54 19.53
2 T3 = 6.80 T1=633 T2 =6.79 19.92
3 T2 =6.01 T3=6.77 T1=6.62 19.40
—
AR IULLUINT 18.97 19.93 16.95 58.85
AunRdeNI NI
T1 T2 T3
6.16 6.83 6.54
6.33 6.79 6.80
6.62 6.01 6.77
WA 19.11 19.63 20.11
iy 6.37 6.54 6.70
Iinsizrinaml sl
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 0.2092 0.1044 0.66" 19.00 99.00
row 2 0.0488 0.0244 oS~ 19.00 99.00
treatment 2 0.1668 0.0834 0.52" 19.00 99.00
error 2 0.3181 0.1590
total 8 0.7429

CV = 6.09%. NS = WTANuLaNA T umaaoa
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row column (1ANAADI) Na3IY
(sxozian) 1 2 3 HUIHDU
1 T1=6.57 T2 = 6.86 T3 =6.55 19.98
2 T3 =6.99 T1=6.50 T2 =6.89 20.38
3 T2=6.14 T3 =6.70 T1=6.81 19.65
OIS 19.70 20.06 20.25 60.01
ANnAENI NG
T1 T2 T3
6.57 6.86 6.55
6.50 6.89 6.99
6.81 6.14 6.70
WO 19.88 19.89 20.24
iy 6.62 6.63 6.74
insrzvanuudsisiu
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 0.0520 0.0260 0.14" 19.00 99.00
row 2 0.0891 0.0445 0.24" 19.00 99.00
treatment 2 0.0280 0.0140 0.08" 19.00 99.00
error 2 0.3725 0.1862
0.5416

total 8

CV = 6.47%, NS = lufinnuuana1anuniaada
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row column (1ANAADI) ALY
(3zpenn) 1 2 3 HUIUDU
1 T1=6.71 T2=7.10 T3 =6.58 20.39
2 T3=7.07 Tl =6.71 T2 =6.94 20.72
3 T2 =6.31 T3 =6.69 T1=6.74 19.74
ARSI 20.09 20.50 20.26 60.85
AuRAENI N
Ti T2 T3
6.71 7.10 6.58
6.71 6.94 7.07
6.74 6.31 6.69
WA 20.16 20.35 20.34
i 6.72 6.78 6.78
Insizranuulsilson
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 0.0283 0.0141 0.10" 19.00 99.00
row 2 0.1658 0.0829 0.58" 19.00 99.00
treatment 2 0.0076 0.0038 0.03" 19.00 99.00
error 2 0.2876 0.1438
total 8 0.4893

CV = 5.60%, NS = Tiianuuana1atumiaasa
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column (1ANAADI)

row NI
(szuzIn) ] 2 3 LHUIUDU
] T1=6.76 e 13 T3 =6.74 20.63
2 =717 T1=6.71 T2 =6.93 20.81
3 T2=6.28 T3 =6.75 T1=6.88 19.91
AT INUIR 20.21 20.59 20.55 61.35
AR RN NG
A Tl T2 T3
6.76 %43 6.74
6.71 6.93 7.17
6.88 6.28 6.75
W33 20.35 20.34 20.66
A 6.78 6.78 6.88
Ianziamumdsdsu
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 0.0291 0.0145 0.08" 19.00 99.00
row 2 0.1512 0.0756 0.43" 19.00 99.00
treatment 2 0.0221 0.0110 0.06" 19.00 99.00
error 2 0.3505 0.1752
total 8 0.5528

CV = 6.14%. NS = JUIaMuuana 1 eiunaana
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row column (IanAava) HATIN
(3zpz1Inn) 1 2 3 HUIUBU
1 T1=14.29 T2 =50.00 T3 = 86.01 150.30
r T3 =78.86 T1=50.66 T2 =67.42 196.94
3 T2 =73.99 T3 =73.87 T1=61.84 209.70
wammmaé‘?& 167.14 174.53 215.27 556.94
MRAET N
Tl T2 T3
14.29 50.00 36.01
50.66 67.42 78.86
61.84 73.99 73.87
W5 126.79 191.41 238.74
iy 4226 63.80 79.58
Innzvinaaulsydsiu
F- table
Ne)Y df SS MS F-cal 0.05 0.01
column 2 447.87 223.93 0.86" 19.00 99.00
row 2 651.82 325.91 1.26" 19.00 99.00
treatment 2 2105.40 1052.70 4.06" 19.00 99.00
error 2 518.40 259.20
total 8 3723.51

CV =26.01 %, NS = 131383110 na 190U 19 aa
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row column (1ANAA©9) ARV
(3zuz1Inn 1 2 3 HUIUDU
1 T1=19.02 T2=43.35 T3 =71.49 133.86
) T3 = 69.51 T1=32.59 T2 =43.70 145.80
3 T2 =21.61 T3.=20.21 T1=29.07 70.89
waamuuag’g 110.14 96.15 144.26 350.55
AR LN NI
iy Tl T2 T3
19.02 43.35 71.49
32.59 43.70 69.51
29.07 21.61 20.21
ARSI 80.68 108.66 161.21
A 26.89 36.22 53.73
Tinsrzvinnuudsdsim
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 408.27 204.13 0.66" 19.00 99.00
row 2 1079.92 539.96 1.74" 19.00 99.00
treatment 7 1114.38 557.19 1.80" 19.00 99.00
error 2 619.23 309.61
total 8 3221.81

CV = 45.17 % , NS = WEanuuand1949un1aaon
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column (1ANAAD9)

row N 3IU
(szozIn) 1 2 3 HHIUDU
1 T1=46.00 T2=67.2] T3 =88.09 201.30
; T3 =80.45 T1=41.28 T2 = 68.68 190.41
3 T2=174.03 T3 =70.61 T1=56.92 201.56
NS ’J?JLLL!’NQFQ 200.48 179.10 213.69 593.27
AR AENINBILE
Tl T2 T3
46.00 67.21 88.09
41.28 68.68 80.45
56.92 74.03 70.61
NOIT IV 144.20 209.92 239.15
mae 48.06 69.97 79.71
Tnnzvanuudsydsiu
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 203.11 101.55 2.61" 19.00 99.00
row 2 26.99 13.49 0.35" 19.00 99.00
treatment 2 1576.55 788.27 20.23" 19.00 99.00
error 2 77.94 38.97
total 8 1884.61

CV =9.47 %, NS = JUlANuUana 19 un19adn ,* = SA210UAnA 1A UNTOAN p > 0.05
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row column (lanaaed) HasI
(szyzan) 1 2 3 HUIUDY
i T1=77.02 T2=69.11 T3=93.46 239.59
7 T3 =9458 T1=282.24 T2 =78.09 254.91
3 T2=75.14 T3 =80.70 T1 =80.04 235.88
waamum%& 246.74 232.05 251.59 730.38
AN NI
T g2 T3
77.02 69.11 93.46
82.24 78.09 94,58
80.04 75.14 80.70
NRIT AN 239.30 222.34 268.74
Lﬂéﬂ 79.76 74.11 89.58
Ianzranamlsisiu
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 69.01 34.50 1.83" 19.00 99.00
row 2 67.84 33.92 1.80" 19.00 99.00
treatment 2 367.47 183.73 9.75" 19.00 99.00
error 2 37.68 18.84
total 8 542.02

CV = 5.34 %, NS = luianunand 19iun1ana
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row column (IANAa©I) NaSI
(sxozinan) i 2 3 UHIHDOU
I T1 =44.56 T2 =47.86 T3 =92.73 185.15
y: T3 =86.42 T1 =66.50 T2 =79.52 232.44
3 T2 =90.81 T3 =96.90 T1=77.14 264.85
RS IR 221.89 211.26 249.39 682.44
AuRBENI NS
T1 T2 B
44.56 47.86 92.73
66.50 79.52 86.42
77.14 90.81 96.90
AT blobY 188.20 218.18 276.05
miu 62.73 7273 92.01
Ianzvanuusisav
F- table
Ne)Y df SS MS F-cal 0.05 0.01
column 2 258.50 129.25 0.96" 19.00 99.00
row ,) 1070.50 535.48 3.977 19.00 99.00
treatment P 1329.42 664.71 493" 19.00 99.00
erTor 2 269.71 134.85
total 8 2928.61

CV = 1531 %, NS = IIanuuana 190 un1aenn
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row column (Ianaang) WA
(520217287) i 2 3 HUIUDY

] T1 =22.02 T2=52.18 T3 =78.17 152.37

2 T3 = 70.73 T1=29.92 T2=50.17 150.82

3 T2 = 59.84 T3 = 64.67 T1=51.30 175.81

WA ’J‘lJLLU’Jgfﬂ 152.59 146.77 179.64 479.00

U - G d
ANRAUNITNUNUA

Tl T2 T3
22.02 52.18 78.17
29.92 50.17 70.73
51.30 59.84 64.67
WA 103.24 162.19 213.57
i 34.4] 54.06 71.19
Insizranusilsiu
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 205.11 102.55 g 8 19.00 99.00
row & 130.70 65.35 0.49" 19.00 99.00
treatment 2 2031.96 1015.98 7.62" 19.00 99.00
error 2 266.64 133.32
total 8 2634.42

CV = 21.69 %, NS = JUIA11uuand 190 un19aon
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row column (lANAADI) AGERY
(3zoz13n1) 1 2 3 LHUIUBU
1 T1=13.23 T2 =34.07 T3 =72.10 119.40
2 T3 =62.55 T1=17.42 T2=39.24 119.21
3 T2 =44.77 T3 = 54.66 T1=3535 134.78
wasfmumﬁz 120.55 106.15 146.69 373.39
AunaunI e
Tl 1) T3
13.23 34.07 72.10
17.42 39.24 62.55
3535 4477 54.66
WOV 66.00 118.08 189.11
may 22.00 39.36 63.10
Tianrzrnnulsilsou
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 281.57 140.78 1.86" 19.00 99.00
row 2 53.22 26.61 0.35" 19.00 99.00
treatment 2 2554.59 1277.29 16.90" 19.00 99.00
error 2 151.11 75.55
8 3040.51

total

CV =20.95 %, NS = l1Tanuana1adun1aans
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row column (1ANAa©9) NASIN
(syozin) 1 2 3 UUIUDU
] T1 =35.74 T2 = 80.63 T3 = 88.86 205.23
4 T3 =85.14 T1=49.67 T2 = 67.34 202.15
3 T2 = 83.50 T3 =282.29 T1=176.79 242.58
WO IUUUIAY 204.38 212.59 232.99 649.96
ARSI
) T3
35.74 80.63 88.86
49.67 67.34 85.14
76.79 83.50 82.29
W3 162.20 231.47 256.29
mao ' 54.06 77.15 85.43
Fnszranuelsdsmn
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 123.78 61.89 02" 19.00 99.00
row 2 353.79 176.89 0.64" 19.00 99.00
treatment /A 1533.29 766.64 2. 7288 19.00 99.00
error 2 553.28 276.64
total 8 2564.16

CV =23.10 %, NS = 14 Uanuuana1anuniaana
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row column (lananss) AERLY
(szuzan) ] 2 3 HUIUOY
] T1 =26.09 T2=18.53 T3 =77.97 122.59
2 T3 =72.48 T1 =26.56 T2 =22.00 121.04
3 T2 =28.04 T3=57.76 T1=41.86 127.66
AU 126.61 102.85 141.83 371.29
M aonI N
Tl T2 T3
26.09 18.53 77.97
26.56 22.00 72.48
41.86 28.04 57.76
HWOI I 94.51 68.57 208.21
L‘A?%U 31.50 22.85 69.40

Fasenanumlsilsiu

F- table
SOV df SS MS F-cal 0.05 0.01
column 2 257.29 128.64 1.60" 19.00 99.00
row 2 7.99 3.99 0.05" 19.00 99.00
treatment P 3677.76 1838.88 22.92* 19.00 99.00
error D 160.45 30.22
total 8 4103.51

CV =21.71 %, NS = ITaMuuanmanun19ain, * = Iauuanaefiunaadan p > 0.05
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M3IHUIN 18 AN 12HT0YaA1N15000 1AUDI WAI9IUIIY (Gross energy, GE)

row column (IAnAQa©I) NasIL
(szozian) | 2 3 HUIUDY
- I T1=46.11 T2=61.91 T3 = 88.06 196.08
) T3 =81.6] T1=46.78 T2 = 69.44 197.83
3 T2=173.73 T3=72.47 T1 = 58.50 204.70
g
WEIAILLUUIN 201.45 181.16 216.00 598.61
AR BN INE
Tl T2 T3

46.11 6191 88.06

46.78 69.44 81.61

58.50 73.73 72.47

WA 151.39 205.08 242.14

m?iu 50.46 68.36 80.71

Iarevianuulsilsan

F- table
SOV df SS MS F-cal 0.05 0.01
column 2 204.13 102.06 g, 75 19.00 99.00
row ) 13.84 6.92 0.19” 19.00 99.00
treatment 2 1387.95 693.97 18.89" 19.00 99.00
error 2 73.46 36.73
total 8 1679.40

CV =9.11 %, NS = IHaNusannaanumaann
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row column (1ANanD3) SR
(szzLIan) 1 2 3 HUIUDU
1 T1=37.39 T2 =40.75 T3 =78.88 157.02
) T3 =74.68 T1=49.35 T2 =56.52 180.55
3 T2 = 59.44 T3 =69.35 M7 .53 183.32
RS IIRS 171.51 159.45 189.93 520.89
A aENI NG
T1 T2 ™
37.39 40.75 78.88
49.35 56.52 74.68
54.53 59.44 69.35
WS 141.27 156.71 222.91
Wiy 47.09 52.23 74.30
Finnzrin N
F- table
SOV df SS MS F-cal 0.05 0.01
column 2 157.08 78.54 148" 19.00 99.00
row 2 139.22 69.61 1317 19.00 99.00
treatment 2 1253.99 626.99 11.83" 19.00 99.00
error 2 106.04 53.02
total 8 1656.34

CV = 12.58 %, NS = BIAuuana19iun1eada
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