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Effects of palm kernel cake substitution for ground corn in
concentrate on nutrient utilization and rumen ecology of
Thai indigenous cattle
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ABSTRACT: This experiment aimed to study the effects of palm kernel cake (PKC) substitution for ground
corn (GC) in concentrate on the utilization of nutrients and on the rumen ecology in Thai indigenous cattle. Five
rumen-fistulated native bulls, with an average live weight of 317421 kg were randomly assigned according to a 5x5 Latin
Squares Design to receive five diets containing different levels of PKC (0, 25, 50,75 and 100%) substitution for GC.
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Plicatulum hay was offered ad libitum. Based on this experiment, the amount of plicatulum hay intake was linearly
increased while the amount of concentrate intake and the total dry matter intake were linearly decreased as a result of
an increase in level of PKC substitution for GC in the diet. Digestibility coefficients of dry matter and organic matter
of cattle fed with concentrate containing 0, 25 and 50% PKC substitution for GC were not significantly different
(P>0.05) but the digestibility coefficients of dry matter and organic matter of cattle fed with concentrate containing
75 and 100% PKC substitution for GC were slightly decreased. Ammonia — nitrogen concentration, total volatile fatty
acid and total protozoa population in the rumen of cattle fed with concentrate containing 75 and 100% PKC substitution
for GC were slightly lower than those of 0, 25 and 50% PKC substitution for GC group. However, there were
no significant differences (P>0.05) among treatments regarding ruminal fluid pH, the amount of acetic (C,), propionic
(C,) and butyric (C,) acid in rumen fluid, bacterial population and fungal zoospores in rumen fluid (P>0.05). Furthermore,
nitrogen balance, the amount of ruminal microbial nitrogen supply and the efficiency of microbial nitrogen supply
in the rumen were not significantly different when compared with other treatments. Therefore, the level of PKC
substitution for GC in the concentrate for indigenous cattle fed with plicatulum hay should not be more than 50%.

Keywords: palm kernel cake, nutrient utilization, rumen ecology, Thai indigenous cattle
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Table 1 Composition of concentrate (%DM) containing different levels of palm kernel cake (PKC) substitution

for ground corn (GC)

Ingredient (kg) diet 1 diet 2 diet 3 diet 4 diet 5
Ground corn 70.00 52.50 35.00 17.50 0.00
Palm kernel cake 0.00 17.50 35.00 52.50 70.00
Broken rice 20.00 20.00 20.00 20.00 20.00
Soybean meal 3.27 3.65 4.03 4.41 4.78
Salt 1.00 1.00 1.00 1.00 1.00
Dicalcium phosphate 1.00 1.00 1.00 1.00 1.00
Urea 1.73 1.35 0.97 0.59 0.22
Molasses 2.00 2.00 2.00 2.00 2.00
Sulfur 0.10 0.10 0.10 0.10 0.10
Mineral and vitamin mix’ 0.90 0.90 0.90 0.90 0.90
Total 100.00 100.00 100.00 100.00 100.00
Price of feed” (baht/kg) 13.15 12.37 11.59 10.79 10.00

'Consist of vitamin A 2.50 I.U, vitamin D 0.50 I.U, vitamin E 8,000 .U, Co 0.08 g, Se 0.08 g, | 0.34 g,

Cu 4.00 g, Mn 17.00 g, Zn 23.00 g,

*Price (baht/kg): palm kernel cake 7.50, soybean meal 22.00, ground corn 12.00, rice bran 13.00, urea 25.00,

molasses 9.00, salt 3.00, dicalcium phosphate 7.00, sulfur 60.00, Mineral and vitamin mix 75.00.
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Table 2 Chemical composition of plicatulum hay and concentrate containing different levels of PKC

substitution for GC (% DM)

Levels of PKC substitution for GC (%)

Composition Plicatulum hay PKC

0 25 50 75 100
DM 93.3 94.5 94.2 94.2 94.6 95.2 94.3
oM 92.4 95.9 96.3 95.5 95.0 94.3 93.4
CP 2.0 17.2 14.7 15.1 14.6 15.1 16.3
EE 0.4 8.2 2.4 3.0 4.0 4.9 6.4
CF 34.0 21.4 1.9 4.1 6.4 8.9 11.1
Ash 7.6 4.1 3.7 4.5 5.0 5.7 6.6
NFE" 55.9 49.1 77.3 73.4 70.0 65.4 59.7
NSC? 9.3 3.4 59.9 453 30.3 14.8 1.7
NDF 80.6 67.1 19.3 32.2 46.1 59.5 59.0
ADF 52.4 44.3 3.3 10.2 16.7 24.5 31.5
ADL 71 14.1 1.3 2.5 4.7 6.7 9.2

Y'NFE = 100-(%CP + %CF+ %EE+ %Ash)
' NSC = 100-(%CP + %NDF+ %EE+ %Ash)
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Table 3 Effect of PKC substitution for GC in concentrate on intake and apparent digestibility of Thai indigenous

cattle fed with plicatulum hay

Level of PKC substitution for GC (%)

Contrast P-value”

Attribute SEM

0 25 50 75 100 L Q
Intake
Plicatulum hay
kgDM/d 1.63 1.81 1.98 217 2.6 0.22 0.0045 0.5200
%BW 045b 051b  055ab  0.60ab 0.72a 0.06 0.0038  0.4969
a/kgBW®™ 19.74b 22.00b 23.82ab 26.12ab 31.54a 258 0.0037  0.4906
Concentrate
kgDM/d 533a 4.93a  4.50a 3.47b 291b  0.34 0.0001 0.4761
%BW 1.49a  1.38ab 1.25b 0.96¢c 0.80c  0.07 0.0001 0.3667
a/kgBW®™ 64.70a 59.85a 54.32a  41.94b  35.04b 3.34 0.0001  0.3942
Total
kgDM/d 6.95 6.73 6.48 5.63 5.52 044 0.0122 0.8252
%BW 194a 1.88a  1.80ab  1.56b 153b  0.09 0.0012 0.7857
a/kgBW®™ 84.40a 81.83ab 78.16ab 68.04b  66.61b 4.33 0.0024  0.7999
OMI, kg/d 6.63 6.37 6.10 5.27 5.12 0.42 0.0063 0.8209
CPI, kg/d 0.81a 0.78a  0.68ab  0.56b 0.55b 0.05 0.0004 0.9526
Digestibility, %
DM 67.13a 66.50ab 62.22abc 60.75bc 58.12c  1.88 0.0010  0.8693
oM 69.46a 69.08a 65.11ab 63.58ab 60.91b 1.86 0.0015 0.7628
cP 62.31 5890  54.21 54.08 55.05 247 0.0250 0.1700
NDF 51.70a 57.76ab 58.33ab 66.43a  60.66a 2.69 0.0066  0.1290
ADF 30.10b 38.00ab 32.76a  39.06ab 46.17a 2.93 0.0035  0.4382
Estimated energy
intake” 17.53a 16.70a 15.16ab 12.75bc 11.80c 1.03  0.0002 0.7745
ME, Mcal/d 252a 249a  233ab  227b 214b 0.34 0.0004 0.7471

ME, Mcal/kgDM

L = linear, Q = quadratic

“1kgDOM = 3.8 McalME/kg (Kearl, 1982)
““Within rows not sharing a common superscripts are significantly different (P<0.05).

SEM = Standard error of the mean (n = 5)
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Table 4 Effect of PKC substitution for GC on rumen fermentation process of Thai indigenous cattle fed with

plicatulum hay

Level of PKC substitution for GC (%)

Contrast P-value"”

Attribute SEM
0 25 75 100 L Q

Ruminal pH

0 h-post feeding 6.62 6.80 6.95 6.96 6.99 0.12 0.0261 0.3253

4 6.53b 6.55b 6.78ab  6.86a 6.89a 0.09 0.0030 0.6841

Mean 6.58 6.68 6.87 6.92 6.94 0.10  0.0069 0.4392
NHS—N, mg/d|

0 h-post feeding 12.86ab 15.72a  10.29b 9.71b 8.29b 1.68 0.0115 0.5627

4 12.86a 11.43ab 8.57bc  8.28bc  5.72¢c 1.16  0.0002 0.9463

Mean 12.86ab 13.57a 9.43bc  9.00bc  7.00c 1.26 0.0009 0.7214
Total VFA, mmol/l

0 h-post feeding 83.37 77.25 65.59 63.45 64.39 5.46 0.0085 0.2643

4 88.32a 76.57ab 66.60b 63.18b 64.11b 5.84 0.0041 0.1636

Mean 85.85a 76.92ab 66.10b 63.31b  64.25b 5.20 0.0033 0.1725
Acetate (Cz) (% total VFA)

0 h-post feeding 63.83 63.28 63.41 63.66 66.31 1.34  0.2259 0.2110

4 65.34 63.21 65.26 65.23 66.99 1.03 0.1237 0.1597

Mean 64.59 63.24 64.33 64.45 66.65 1.12  0.1508 0.1620
Propionate (C3) (% total VFA)

0 h-post feeding 13.64 1417 14.09 13.82 13.28 0.47 0.4881 0.2101

4 13.89 15.45 14.33 14.31 13.74 0.55 04174 0.1449

Mean 13.77 14.81 14.21 14.07 13.51 045 0.3822 0.1190
Butyric acid (CA) (% total VFA)

0 h-post feeding 13.04 12.81 12.81 1274 1172 0.78 0.2888 0.5794

4 12.33 12.43 12.33 1173 11.11 0.52 0.0726 0.3289

Mean 12.68 12.62 12.57 1223 11.42 0.63 0.1619  0.4599
C2 : 63

0 h-post feeding 4.68 4.5 457 462 505 021 02249 0.1527

4 4.92 4.21 438 456 494 023 05916 0.0206

Mean 4.71 4.34 458 461 498 020 02179 0.1075

"L = linear, Q = quadratic

“°Within rows not sharing a common superscripts are significantly different (P<0.05).
SEM = Standard error of the mean (n = 5)
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Table 5 Effect of PKC substitution for GC on rumen microbial population of Thai indigenous cattle fed with

plicatulum hay

Level of PKC substitution for GC (%)

Contrast P-value”

Attribute SEM
0 25 50 75 100 L Q
Bacteria (x10" cell/ml)
0 h-post feeding 7.00 5.83 6.95 6.48 5.41 1.33 0.5563 0.7832
4 6.11 7.1 4.63 5.21 3.71 1.09 0.0707 0.6429
Mean 6.55 6.47 5.79 5.84 4.56 0.94 0.1417 0.6435
Protozoa (x10° cell/ml)
Entodinomorphs sp.
0 h-post feeding 1.66a 1.78a 1.19ab  0.74bc 0.46¢c 0.19 0.0001 0.3733
4 1.76ab  2.19a 1.10bc  0.91c 0.67c 0.25 0.0005 0.6447
Mean 1.71ab  1.99a 1.15bc  0.83c 0.57c 0.19 0.0001 0.4453
Holotrichs sp.
0 h-post feeding 0.50 0.69 0.60 0.23 0.24 0.13 0.0290 0.2040
4 0.47 0.69 0.33 0.30 0.24 0.12 0.0413 0.6187
Mean 0.49 0.69 0.47 0.27 0.24 0.1 0.0156 0.2904
Total protozoa
0 h-post feeding 2.16a 2.47a 1.79a 0.97b 0.70b 0.22 0.0001 0.1341
4 2.23ab 2.88a 1.43bc  1.21c 0.91c 0.31 0.0005 0.5725
Mean 2.20ab 2.68a 1.61bc  1.09d 0.81d 0.23 0.0001 0.2704
Fungal zoospore (x10° cell/ml)
0 h-post feeding 2.55 4.95 3.28 3.78 2.86 1.15 0.8820 0.3156
4 1.94 4.45 1.82 2.59 2.60 1.06 0.8736 0.6910
Mean 2.25 4.70 2.55 3.19 2.73 1.08 0.8743 0.4624

L = linear, Q = quadratic

“°Within rows not sharing a common superscripts are significantly different (P<0.05).

SEM = Standard error of the mean (n = 5)
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Table 6 Effect of PKC substitution for GC on nitrogen utilization and purine derivatives in indigenous cattle fed
with plicatulum hay

, Level of PKC substitution for GC (%) Contrast P-value"”
Attribute SEM
0 25 50 75 100 L Q
N intake
Concentrate
g/d 124453 118.38a 102.43ab 82.43b 79.45p 821  0.0033 0.5172
g/kgBW" " 1.51a 1.44ab  1.24bc  1.00cd 0.95d 0.08  0.0001 0.9492
Plicatulum hay
g/d 5.37 6.28 6.55 7.47 8.44 0.91 0.0215 0.8295
g/kgBW" " 0.07 0.08 0.08 0.09 0.10 0.01  0.0226 0.7982
Total
g/d 129.82a 124.66a 108.98ab 89.90b 87.89b 842  0.0004 0.9291
g/kgBW" " 1.58a 1.52ab  1.32bc  1.09c 1.05¢ 0.08  0.0001 0.8937
N excretion
Faeces
g/d 48.63 50.64 49.48 41.10 39.74 3.95 0.0438 0.3586
g/kgBW®™ 0.59 0.62 0.60 0.49 0.48 0.04 0.0199 0.2879
Urine
g/d 4351a 37.69ab 27.67bc 20.58cd  16.71d  3.46  0.0002 0.1940
a/kgBW*™ 0.55a 048ab  0.36bc  0.26cd 0.21d  0.04 0.0001 0.6697
Total
g/d 92.14a 88.33a  77.15ab 61.68bc  56.45c 5.42  0.0007 0.3573
g/kgBW®™ 1.14a 1.09ab  0.96b 0.76¢c 0.69c  0.06 0.0001 0.6116
N excretion/N intake (%) 71.54 70.87 71.59 69.78 64.42 3.21 0.1506 0.3367
N retention
g/d 37.68 36.32 31.84 31.43 29.60 536 0.2733 0.6733
a/kgBW®*™ 0.43 0.42 0.35 0.32 0.37 0.06 0.2366 0.5239
PD (mmol/d)
PD excretion” 104.98 95.88 99.98 100.61 84.06 11.36  0.3167 0.6711
PD absorption” 91.89 81.12 85.82 86.64 67.04 13.47 0.3156 0.6749
OMDR, kg/d 3.00a 2.86a 2.59ab  2.18bc 2.02¢c 0.18  0.0002 0.7638
Microbial N supply
g N/d¥ 66.80 58.97 62.39 62.99 48.74 9.73  0.3151 0.6748
g N/kg of OMDRY 22.38 21.63 24.12 27.49 23.81 426 05259 0.7182

YL = linear, Q = quadratic

*Within rows not sharing a common superscripts are significantly different (P<0.05).

SEM = Standard error of the mean (n = 5)

Z(Allantoin+Uric acid (mmoal/l)) x urine volume (I/d)

¥ (PD excretion (mmol/d) /0.85)-(0.385 x BW""°)

“'PD absorption (mmol/d) x 0.727

% Microbial N supply (g/d) / Digestible organic matter in the rumen (OMDR, kg/d) (where OMDR = 65% of

organic matter digestible in total tract (ARC, 1990)



356

Bunaslulnsaunlasuriaiin (@nstuunay
WEINALANYANLTN) 1931A%19 5 ngn wudn TAT L
Suannstun I Ennie lusdaUndusinsumn A
d1anaum 0 way 25% Nilsunlulnsiaunlasy
viaunn gandnlanlaiuenmsdunldninialuman
Unantnsumannudalnaus 75 way 100% asinadl
e dAyneaia (P<0.05) TeduwusiuLFunm
1vsNnUl (Table 3) el Funaululnsiauinlasu
Manuaanadlugliuuidunss \WessAuaes
nnnalumanUnantTun ldnawnud1ainaua
Tugmsanmainau duduiunnlulnsaundu
aanwudn Ysunnlulnsiaundueenluyasesiad
Tasuarmistunldninidaluinaniga wtingu
NALNUININALA 0, 25, 50, 75 WAL 100% Ll AnsIg
AUN1ADA (P>0.05) amseilTuraululnsiaud
duaanluilagioznaziiuinslulnsaunduasn
RanNAanad LeszAurasn niieluiNaninay
Y o odas . oo J
PRI N AL UT I INALALANTYL 81aLTia9ann
nsiNszaunIniielunanlnautndulugens
ansiulusrAungaau denalilanuasduas

H =< o Yo =
21U39NAAAAS AN AU LR IR UARRS B9
wndndlasululnsauainanunstas dndaviia
Ui lulnsauldluienis leelnazannisdy

= o £% = o
gisaannailagnay vin g Fanyunaugnzinng
uuledn (Church, 1979) denalilulasiaugnd
aanaININNEanadiainEannalulasau
WaNansnnannalulnziauedlani 5 ngu wuan
Fanduuanuarlilauunns19aiun1eanam
(P>0.05)
o o ca

nsdusanseseyiusioTulullaainy Ui
Tulnsiauzesduvisdlunssmnzgumaadlai Ay
anunduidssnausnaniniia lumanl dnting
naunud1atnauaNsTAUFN9T wudn UTnau

o ca a dla/ o o
ayRusnITundueenludaaicy Ysunueyius
f A s Aoy -
Aosungednnanld wardiunalulnsauses
qauviael 28907 5 ngN TduansNaiunNeans
(P>0.05) TuauzEnnndurisedngneeslaly
neznnzgnueslanldfuainistundsenay

LAWINEAT 40 : 343-358 (2555).

5 ¥ c e ¥ . .
paeinniialuAnlnduindunaunudninaus
N9z 0 uar 25% gandntanlaiueusdun
sznaumagniniile-lNanlndutinsdunaun
dnlnauafiszal 75 waz 100% atneduadAny
AR (P<0.05) waztFunnuauvisadngndes s
Tunszimnzgauanadlugluuudunsaioszau
nnalusantnautindunlanawnud1ainaun
TugnIa1m3gean G9lana waznesqe (2547)
: a a e A
989741 TTnnudurisedngideslaluaesnan
ANNFEINNZIINUAzNNVFatiatTuag N0l
S . v X
funsadngidenlduesdnd lunisAnunadail
Anlsr@nsnnsdeslAuesdunsednglulanlasy
. Y P e ¥

annstundsznaudianinile lumanlnantingiu
naunudalnauafiszdiu 0 uaz 25 % gendnla
NQNaWT (Table 3) AvdenaliitiunnEurEadngn
toeld uaztFunndwnzadngndesls lwaesman
ANNgENNzgNuaedlaTy 2 nguilgenulldon
atnglsnimn nnANsEAunInEe lNAaL AN
udulugrsanmisdu lainlidsc@nsnannis
Auprilulpsiauaesqauradlunssinnzguuaes
TALANFANNAUNIEDRA (P>0.05) taglsz@nsnn
nsdaaneilulpsiauresqausdlunssinnzgmu
lunnsfnsafalifiAnegludee 21.63-27.49 n./
nn.BurisedngndealAlunszinzgu

agu

Anidleludadunindugnunsnldmaunu
dralnaumluevnsdulalufin 50% dusuiady
Iunlafudleadldsumdmauanyanuie T
TifnansenusenisldUszlamildveelnguy way
Hoaingnlunszinizguu agnalsfiniy e o)
%gaﬁﬁmLWLL@ﬂ%’lumiﬂi:ﬂ@umiﬁmaﬂﬂu
mﬂ%mﬂLﬂ@lumﬁmmﬁuﬁwﬁu‘luqmmmﬁu
fwnlamuiies pastinisdnenanssnnwnasan
ANHOUTLATATUN TGN muﬁqﬁumumzm@mmmu
gaanaiaeala Taeansldemaduildniniely
wanthdninTumaunudnInauaseldl



KHON KAEN AGR. J. 40 : 343-358 (2012).

ANIBLAN

AERAY AU IR AMNUINENARITAT

'
% o

upung NAmivayunuulszanuuiuRulsyantl
W.A. 2552 (3ialAsan1s NAT5211990064S) WA
10RUAMANAITIERIANEAT LATANIUIAY
fanssntndutindy AnznIneInTsITNInR
NNINENRLRITAUATUNT 17'i151’mﬂum§ummw7i
a1l uazdninaaes uTaAnNansd dnAnem

o a2 L oAa s, Ao gy
UUNAANE LASYANINTNNNIY NRAUNA U
ao Ho

ARatidnaganslylfsaanta
LANANSDN9BY

AuA alneA ol agaen. 2548. nsldnnundaninsiady
aunsla-nszile. w. 389-398. lu: seUNAILAAE
szant 2548. neve1w9dnd nsnladnd nszneas
NEATLAZANNTDL, NTUNNY.

Aunn alinaed 4 ageen, algqal YEumaiung Lme@m
A3, 2543n. mﬂﬁm'mLuﬂ’lumeﬂmumuuLﬂu
anslaiie. 4 99-108. lu: MenusaIATE sz
2543. nasau9dnd naNAdnd naznsraunsnsuas
AUNTOL, NTANNE.

Aunn atnaed o egsen, sz Ana LLﬂv@ﬁNﬂi‘ Aunslen.
25434, m‘ﬂ,ﬂnmnLualmmmﬂmuummﬂmmm
Iﬂmu’luzgmmmi‘uummuiﬂLu@. u. 89-98. lu:

NeUEAINUITEUs2ANT 2543, neaanusdmd

NINUAGRT NITNIIUNHATUATAUNTDL, NTUNNE.

a4 113101N7. 2541, IntuA1ansuazn1slianunsdmng

LAE0B29LL 8951, NUINEFEURULAL, TRLAL.,
NAANA RauToudin. 2529, wanisldnintrausingu

aianzmzilaenluamisgnagu-gu. nenfinug

ANYAIAATNUNTUTRR NUNINLIRENBATANGRT,
NN,

YryRen Toz@asena. 2541, Inauaansdnd. n1Adan
FRANERT AMTINEAIANART NN InandeTelua,
ideralual. o

181 233nuAN. 2533, InguAansdnsiAaaaes. Wuil
wuumm NN,

23700z FiEEa. 2536. nsldnanitelumantnduningu
Wuarunsla. Ina1ldnusInaA1ansnunTudin
UNANLFENHAIAIGNT, NTUNNCL.

357

andR AFaung uazaNAn Faings. 2545, mﬂ%ﬂﬁgﬁ@
TuwdathandnTuaiadainduduaimislailaly
ixﬁ:ﬁmm:i:mﬂmmmmT’];u. . 161-170. lu:
seunslssgudunuidznisanntumalulad
FNTNIAR m;”\i‘ﬁ' 19. 22-27 UN9AN 2545. ﬂuﬂrﬂm\i
mmuumﬂ‘iu‘lﬁaﬂmmmmﬂwmu Unusnil.

ANETUR ﬂ’]uum 2547. mﬂmmmu@ium@mﬂﬂ@ummu
Lae Lﬂmm@mmqq‘mummmmwmnmmalu
’rJ’]‘Vl']ﬁ‘LLWvLWﬂE. ANLNRNUS N ANGATUNNTTOUT R
WIINELIRLURITATUATUNS, A9UAN.

zﬁﬁmm dunna. 2543, sl LAMARAINTIE1HEN
mﬂLﬁ@lumﬁmm@’uﬁﬁﬁwﬁﬂﬁ”qmgL?ﬂLﬂummi
ﬁuﬁwuzﬁ'wﬁmwz.'f‘mmﬁwuﬁ?wmmamumﬂm%
NWINELIRUAITATUATUNS, A9UAN.

dninauAsgiansineme. 2563, deyaiAsegnaniainems
thduindu. uvasdaya: http:/www.oae.go.th/main.
php?flename=agri_production. ﬁul,fllﬂ 26 fuUINAN
2553.

10018 RUWI UATNBIGY 1aAUN. 2547. NstlsziliuqAunse
‘Eﬂ?mu‘imﬂimmmuwuﬁwwuluﬂzﬁmqvmamm
{AeniEes. Trlfaunaume s, wenylan.

Abdullah, N.andR. I. Hutagalung. 1988. Rumen fermentation,
urease activity and performance of cattle given palm
kernel cake based diet. Anim. Feed Sci. Technol.
20: 79-86.

Allen, M.S. 2000. Effects of diet on short-term regulation
of feed intake by lactating dairy cattle. J. Dairy Sci.
83: 1598-1624.

AOAC. 1990. Official Methods of Analysis. 15" Edition.
Association of Official Analytical Chemists,
Washington, D.C.

ARC. 1990. The Nutrient Requirements of Ruminant Livestock.
Suppl. No 1. Farham Royal, Commonwealth Agricultural
Bureaux.

Bremner, J. M. and D. R. Keeney. 1965. Steam distillation
methods of determination of ammonium nitrate. Anal.
Chem. Acta. 32: 485-493.

Chen, X. B., D. J. Kyle, and E. R. @rskov. 1993.
Measurement of allantoin in urine and plasma by
high-performance liquid chromatography with pre-
column derivatization. J. Chromatogr. 617: 241-247.

Chen, X. B.and M. J. Gomes. 1995. Estimation of Microbial
Protein Supply to Sheep and Cattle Based on Urinary
Excretion of Purine Derivatives - An Overview of the
Technical Details. International Feed Resource Unit,

Rowett Research Institute, Aberdeen.



358

Church, D.C. 1979. Digestive Physiology and Nutrition of
Ruminant. Vol. 1. O&B Books Inc, Corvallis.

Chamberlain, D. G., P. C. Thomas, W. Wilson, C. J. Newbold,
and C. J. MacDonald. 1985. The effects of protein
and carbohydrate supplements on ruminal
concentrations of ammonia in animals given diets of
grass silage. J. Agric. Sci. (Camb.). 104 : 331-340.

Erdman, R. A., G. H. Proctor, and J. H. Vandersall. 1986.
Effect of rumen ammonia concentration on in situ
rate and extent of digestion of feedstuffs. J. Dairy
Sci. 69: 2312-2320.

France, J. and R. C. Siddons. 1993. Volatile fatty acid
production. P. 107-121. In: J.M. Forbes and J. France
(Eds). Quantitative Aspects Ruminant Digestion and
Metabolisim. C.A.B. International, Willingford.

Galbraith, H. and T. B. Miller. 1973. Effect of metal cations
and pH on the antibacterial activity and uptake of
long chain fatty acids. J. Appl. Bacteriol. 36: 635-642.

Galyean, M. 1989. Laboratory Procedure in Animal
Nutrition Research. Department of Animal and Life
Science, New Mexico State University, New Mexico.

Grant, R. J. and D. R. Mertens. 1992. Influence of buffer,
pH and raw starch addition on in vitro fiber digestion
kinetics. J. Dairy Sci. 75:2762-2768.

Hair-Bejo, M. J., B. Liang and A. R. Alimon. 1995. Copper
tolerance in buffalo: The potential toxic effect of
copper in buffalo fed palm kernel cake. P. 246-247.
In: Proceeding of the 17" Malaysian Society of Animal
production Annual Conference 28-30 May 1995,
Penang, Malaysia.

Hart, F. J. and M. Wanapat. 1992. Physiology of digestion
of urea-treated rice straw in swam buffalo. Asian-Aust.
J. Anim. Sci. 5 : 617-622.

Hungate, R. E. 1966. The Rumen and Its Microbes.
Academic Press, New York.

Hume, I. D. 1974. The proportions of dietary protein escaping
degradation in the rumen of sheep fed on various
protein concentrates. Aust. J. Agri. Res. 25:155-165.

Kearl, L. C. 1982. Nutrient Requirements of Ruminants
in Developing Countries. Logan: The International
Feedstuffs Institute, Utah State University, Utah.

Kopency, J. and R. J. Wallace. 1982. Cellular location and
some properties of proteolytic enzymes of rumen
bacteria. Appl. Environ. Microbiol. 43:1026-1033.

Jouaney, J. P. 1988. Effect of diets on populations of
rumen protozoa in relation to fiber digestion. P. 59-74.
In: J.V. Nolan, R. A. Leng and D. |. Demerger (Eds.).
The Roles of Protozoa and Fungi in Ruminal Digestion.
Penambul Books, Armidale.

LAWINEAT 40 : 343-358 (2555).

Jouaney, J. P. and K. Ushida. 1999. The role of protozoa in
feed digestion. Asian-Aust. J. Anim. Sci. 12:113-126.

Josefa, M., M. M. Dolores, and H. Fuensanta. 1999.
Determination short chain volatile fatty acid in
silages from artichoke and orange by-products by
capillary gas chromatography. J. Sci. Food Agric.
79:580-589.

Lewis, D. 1975. Blood urea concentration in relation
to protein utilization in the ruminant. J. Agric. Sci.
(Camb.) 48: 438-446.

Leng, R. A.and J. V. Nolan. 1984.Nitrogen metabolism in
the rumen. J. Dairy Sci. 67 : 1072-1089.

NRC. 2001. Nutrient Requirement of Dairy Cattle. 7" Edition.
National Academy Press, Washington, D.C.

Jrskov, E. R., G. W. Reid, and M. Kay, 1988. Prediction
of intake by cattle from degradation characteristics
of roughage. Anim. Prod. 46: 29-34.

Salmiah, A. 2000. Non-food Uses of Palm Oil and Palm
Kernel Oil. MPOPC Palm Oil Information Series,
Kuala Lumpur.

Satter, R. D. and R. R. Slyter. 1974. Effect of ammonia
concentration on ruminal microbial protein
production in vitro. Br. J. Nutr. 22 : 199.

Schneider, B. H. and W. P. Flatt. 1975. The Evaluation of
Feeds Through Digestibility Experiments. The
University of Georgia Press, Georgia.

Steel, R. G. D. and J. H. Torrie. 1980. Principles and
Procedures of Statistics: A Biometerial Approach.
2" Edition. McGraw-Hill, New York.

Sutton, J. D. 1985. Digestion and absorption of energy
substrates in the lactating cows. J. Dairy Sci. 68:
3376-3393.

Van Soest, P. J. 1965. Symposium on factors influencing the
voluntary intake of herbage by ruminants: Voluntary
intake in relation to chemical composition and
digestibility. J. Anim. Sci. 24:834-843.

Van Soest, P. J. 1994. Nutrition Ecology of the Ruminant.
2" Edition. Cornell University Press, New York.

Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991.
Methods for dietary fiber neutral detergent fiber, and
non starch polysaccharides in relation to animal
nutrition. J. Dairy Sci. 74:3583-3597.

William, A. G. and G. S. Coleman. 1992. The Rumen
Protozoa. Springer-Verlag, New York.



