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The Use of Palm Kernel Cake as Energy Source Substitution for Ground Corn

in Southern Indigenous Cattle Diet
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Abstract

This study aimed to investigate the use of palm kemnel cake (PKC) as energy source substitution
for ground corn (GC) in southern indigenous cattle diet. Five rumen-fistulated bulls, with average live
weight of 317+21 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. Plicatulum hay
was offered ad libitum. Based on this experiment, the amount of roughage intake was linearly increased
while the amount of concentrate intake and total dry matter (DM) intake were linearly decreased as a
result from an increase in level of PKC substitution for GC in the diet. Cattle fed with concentrate
containing 0, 25 and 50% PKC substitution for GC had similar concentrate intake (P>0.05) and the
values were higher than those of cattle fed with concentrate containing 50, 75 and 100% PKC substitution
for GC. Digestibility coefficient of DM, organi¢ matter (OM), crude protein (CP), total digestible nutrient
(TDN) and metabolizable energy (ME) of cattle fed with concentrate containing 0, 25 and 50% PKC
substitution for GC were also similar (P>0.05), while in the cattle fed with concentrate containing 50, 75
and 100% PKC substitution for GC there was a lower DM digestibility, digestible OM intake, digestible
CP intake and ME than in those which had 0% PKC substitution for GC (P<0.05). Furthermore, NH,-N
concentration, total volatile fatty acid and total protozoa population in rumen fluid of cattle fed with
concentrate containing 100% PKC substitution for GC were higher than those of 0% PKC substitution for
GC group (P<0.05). However, there were no significant differences (P>0.05) among treatments regarding
nitrogen (N) balancé; ruminal fluid pH, the amount of acetic, propionic and butyric acid in rumen fluid,
bacterial population and fungal zoospores in rumen fluid; and blood glucose (P>0.05). Furthermore, the
amount of ruminal microbial N supply and the efficiency of microbial N supply in the rumen were not
significantly different among treatments. In conclusion, the level of PKC substitution for GC in
concentrate for indigenous cattle fed with plicatulum hay should be optimized at 50%. This level had no

adverse effects on nutrient utilization, rumen fermentation process and rumen ecology.
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ADF acid detergent fiber (ﬁniumagiaﬁ)

ADL acid detergent lignin (Bniu)

BUN blood urea nitrogen (QL%‘U -"luimﬁmimﬁeﬂ)

BW body weight (1fmﬁﬂﬁ";)

BW*” metabolic body weight ahminsumuedn)

C, acetic acid (NTALDTAN)

C, propicnic acid (n3A IWTH 1o1in)

C, butyric acid (nsadhsn)

Ca calcium (unaLFEY)

CP crude protein (I‘]J‘i ﬁusau)

CF crude fiber (olosam)

DM dry mater (Taquita)

DOM - digestible organic matter (ﬂ?mmﬁum’%‘a%’mﬁdau"ﬁ)
DOMR digestible organic matter in the rumen  (USanaudunTuiagiden 18lunazmegans)
EE ether extract (vl‘llﬁu'ifm)

GC ground corn (ﬁTTJIWﬂ‘Uﬂ)

GE gross efiergy (WAIUTI)

ME metabolizable energy (wﬁaamﬁ%ﬂiﬂwuﬂlﬁ)

N nitrogen (luTasiow

NH,-N ammonia-nitrogen won Tutis-TuTasiou)

NFE nitrogen free extract (“1uimmuﬂ%'mﬂ=§umﬂ)

NSC non structural carbohydrate @3 Tulamsait liduTnssatrs)
NDF neutral cietergent fiber (Nﬁﬂl%ﬁﬁ)

oM organic matter (auﬂ‘%U%ﬂq)

P phosphorus (Woarosm)

PCV pack cell.volume WSuwnsadonaunidauin)
PKC palm kernel cake (mmi{ﬂiumﬁﬂﬂwﬁu‘gﬁm

SEM standard error of the mean (fhmmmmﬂ?;ﬂummgmﬂjmﬂ'mﬁa)
TDN : total digestible nutrient (Tnmuzﬁdaa"lﬁ'i’m)

VFA volatile fatty acid (nsaluufisemodie
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4 1 a & T a g d A o
fiinagauaz himwsondalfiosluna s Faezdiwaldawnsondadadlddsdunuidia

Aunadnomnuasns

s o & o
A UHUMTIDY
= ar
1. MIATUNTAINANDY
9 dy P Sh:i (Y ] = s
1 Tafudio unAdisiiAaianes1M199195MNTENE U (rumen fistulated animal) $1UU
ar | o’ W -, @ o ¢ o Y]
s @ o1gilseua 4.7:0.6 3 uazihmimlssuiw 317221 flanfy dguamauysa udwss 1annaa
:{’ o [ s ar o 9 Qs 3 o = o o d'l a
piasalunenidy? Tufudninoudininaasslnnaasanndi Idsumsiainduietleany
Tsndndenddey 18un JaduTsanouiu naz Tsmhnuaziuiles sronerinielulavldeidre-
t's
wossauun loa (albendazole) $a51m319u1 1 Tadansavimiinga 10 Alansy Taonmsasenld

»
Aumethnuazdadaiiue Tanfiud uazdmniiud 8na 2 Taddasdorimiings 100 Alaniy

2. a1111'5unxm'sm'§zmmmmﬂnm

2.1 M1 HO

5 = o s o da as e o ar
- Tdwghwduanydud swesamiiiauiomisdaivan faaga deliogmsdadlszun 70 Ju

U

Y =] o v o o 9 o §fen ' ad o
HHIMIINLUAALLG Wuomisnerunan Iﬂﬂﬂlﬂﬁﬂﬂﬂﬂuﬂ'lﬁﬁﬂﬂ'mﬂﬂ'lﬂlﬂﬁﬂ
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2.2 D1M1T9U

: 5 9 ¢ 3w
pmsduildlumsnaassilszneudisemis s gas Taeldmnidieluw@ahduiniu

s
o

9 o g o A
naunud Inavavalugasemislusgau o, 25, 50, 75 uaz 100 1WesiFrud (M135199 2) MM1IVRA

<

¥
5 gasiiszaulnrua1es aunnudsanmsves iafleauinugines NRC (1984)

q; s [} LY a o ) ¥ = [ 9 i
maaf 2 dadmvesingavildlszneugasomisdu Eadluinguie) azquamelnsuzves

Y sd o w ¥
DIN1IUU (Lﬂaiwuﬂuummﬂqum)

Concentrate 1 2 3 4 5
Ingredients (kg)

Ground corn ‘ 70.00 52.50 35.00 17.50 0.00
Palm kemnel 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 4.03 441 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 0.52 0.22
Molasses .' 2.00 2.00 2.00 2.00 2.00
Premix’ . 0.99 0.99 0.99 0.99 0.99
Sulfur . 0.1 0.1 0.1 0.1 0.1
Total 100 100 100 100 100

Estimated nutrientsz

TDN 76.1 75.8 75.5 75.3 75.1
cp 14.0 14.0 14.0 14.0 14.0
Price’

(baht /kg) 13.15 12.37 11.59 10.79 10.00

nnemg 'Jsznouday Iandiuie 2.50 Aunursaina Ialud 30.50 Arunteaing Jeandud 8,000

=

Suviaoeina Tauoad 0.08 NTU Ao 0.08 NN NBILAT 4.00 NS uNINMITE 17.00 N3y Faned
' _
23.00 N3 min 27.00 N3y TwumemFow 31.00 n¥u unzuunilidioy 35.00 n5u asilyussemisdad
2,00 ¥y AaiAnIUATY 1.00 A laniy
7 'Muamnn NRC (1984)
3 d{ = o :, (% = [ o - = [ ¥
maileluwanthduiidu 7.50 vin/ATansy nndaniies 22 vinAlaniu 917 Inaun

¥
12,00 U1/ Tansu Yated1a 13.00 A Tandy gise 25 vn/AiTansu mnthaia 9.00 WA landy
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A = o =4 = o/ o s ~ o 1
inde 3 1w/ lansu launaFoudadva 7.00 v/ Tansu dusdu 60.00 vIn/Alandy uisiguas

=

o Y =y [ a 4 n'» 3 [T 4 - as o
Flunan 75w/ lansy  GnagAuNdide laa IssnanoImisaand n1ndsdalans

9

AUSNTWOINTTITUEA B Juh 20 Ty 2551)

3. MINUNUMSNARBY
THurunIsnaaBaLIY 5x5 IRUAUADS (5%5 Latin squares design) Javiingunanoansonin-
»
WA (treatment) B 81M15VUGATAIS Fafl

a o ¥ dq ¥ &g o ¢ 2w Y fd &
nIntyuen 1 E)T”15‘Uu'ﬂﬁl‘ﬂﬂ-lﬂrlJﬂﬁluUJaﬂﬂ‘]ﬁuuquuﬂﬂllﬂuﬁn?IWﬂUﬂ 0 lﬂﬂﬂaﬁuﬁ

1
~

- e " " & o P " ¢ d o
NINWUAN 2 0115 TN Irn e luuaathanihiunaunudn Iwaus 25 nosigua

[ 3
=q ¥ =

a o ¥ o ¢ o Y sd o
nimuuan 3 emsdunldnmnfieluwaaihaminiunaunudr Tnavs 50 nlesiud
o 2 ' Y dq & o ¢ o 9 fd o
NINUAN 4 omsvui leminils luwasthaminiunaunud i Inava 75 nlosmsun
- PR ¥y dq ¥ & o ¢ 8w Y, fd o
NIuUAN 5 omsvui lrmnie luwaslamiunaunud 1 Twava 100 1losivud
Taoduli Taudazdd 185 uomishismus Tunsmansa lduisszeznaminaasseemiiu s
t T ' a @ W ow a o
¥29M15NAADA (period) UAasF19luNA1 20 Ju UsepouduszuzilSudadad 14 Ju unzszozinu-
Joya 6 Fu sowszaznaianeA 100 Ju UNUAINIINARDIELMTALAI0EIUARAIRIAITINN 3 Uaz

o
ATHN 3

4. 3Emsnaaey-
»
asnaaeauiisenndlu 2 5oz Feil
w o 2] L} d = o

1. 53081/5UA" (adaptation period) Wus29Aln IR Infiawduineiuanimmisnanes uay

pImIneudgMInaaeeese Iszezinm 14 u himsqulanaaeamuukunITNAaBILLY 5%5
a ¢ ' a a a4 = Hq v o w v qud & uw

mAuauaas TagTauaazdleglunenimon I5190m1s wazhlihogdumihldduiir ldaaeana

ar a o’: = - = o o
WlaldsuemisTuay 2 afs Ae a1 08.00 WM waz 16.00 wrRm Taldemisdudatuiaguia

o fd & & w oW & ' d o .
il 2 wesisudvaniming dszum 1 Frlusneuldomisnervuuuaui (ad libitum)
ym3dadsuisomsiau 14 luudaz 3 (voluntary feed intake) Taodeomisiivuazomisfinie
¥
o 1 ' o ar
Malusradn uazsrubuveann iy
=] a9 @ q
2. 338NANDY (experimental period) 1uszeziiudoyaldszozina 6 Ju MW lnldiuems
- ™ o o/ u'\z’ o a =
muninuARsmuaiuag 2 a3 Ao a1 08.00 RN KB 16.00 WIRM Taeldemsdufadiu-
Y [y g o :’ W a o 1 ¥ 9/ =
Iaguda 2 nlesidudvaniming dszana 1 $rTusnouliermisney uagliermsneumies 9o
4 df o = = a’: ' o 4 o = @ o =

wesidnsuelSurmnisiuldnimualusiliuds e lddadiuomisrus fimauiinf5ua-

io = a [} s o d
omsAnuld YSuranya wasllaag inudiodnya uagilaamzanenszozinm 6 u uazihimsiny

YOAMAIINATZINZ TN (rumen fluid) nazdiviradonluugaiovesssuznanes
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fI'ITNﬁ 3 LHUAININATDA

ULV Tﬂ‘ﬂﬂﬁﬂﬁ

MITAUDINIS 1 2 3 4 5
NA[DY
seuzd 1 A B E D C
soii 2 B A D C E
szovii 3 D C A E B
ssueii 4 C E B A D
ssuefi s E D C B A

w as 7 9
WHELHA - BAEINTHIRINNH A,B,C,DURYE ﬁﬂ ﬂ]ﬂ'l'iﬂﬂﬁflﬁﬂdiﬂlﬂuﬂ'ﬁ 1,2, 3,4 182 53 @MUY

==n-

1l

1 2 3 4 5 6 7 8 9 10 11 12 13 14 |15 16 17 18 19 20 ’

I : [ il
% %

o o o
T202UTUA INUBTHIT Y8 uazilaany l

o
INUIDAHAITINNTSLN 13;Luuuazsﬁaﬂ

4 g o ] ]
ﬂ"l'ﬂﬁ 3 53Uxﬂ']‘i'ﬂﬂﬁﬂﬂuﬂgﬂ15lﬂllﬁ39U1Q1u53ﬁ11\1ﬂ15ﬂﬂﬂﬂ~1

5. muieE 1AM uiudeyn
5.1 MINUAI86190 M5 tazmsmlsuansivld
» ’
5.1.1 MIHUA 01981 ‘ﬁmmﬁuﬁmdwmﬂﬁﬂumuazﬁmdm)’lmﬁﬂ’fmqnq ATIN
’ v
Ymswauerms Taoutadlu 2 daue ag 500 nfu dail
v v 1 ¥ ' ]
dauf 1 Yahminuazibuneuigungil 100 seruwamed dhunai 24-48 43 Tua iiven
o o o qs 9 ~g ar =y Hd9 Vo oo
weituauosiaguiaztimndiuvlsmnaemsaladadnu
] ~ o A =Y o [ o o '
dauf 2 hweufigungi 70 ssruraled ithunal 72 92 Tue udai lduariuazunse
- A o = o o ~ )
vwn 1 Hadwes ot 1U3nevesndssnoumanil
=g n_ = B b 3 o u'.v oy o o 4 =
5.1.2 Tufnlsurunisiuldvemgudanazeimsdu Tasvaiminuasduindiuu
o o s A o ¥ a o o o [y ' v
st lfiuazemisimasluiudal udnhudnalsumsauld luusasiu

5.2 MIgudFIet1IYD

a

. s ] v
Faaziuiimbminyafdusenuiaua luudaz fu lusrumneulderms dimingn

A R RY

4 -

yomnaulfidifunazuiseanidu 2 dou fie
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] t:i [ -3 o L] 3 dl =
dwmdi 1 dufurlsziim 100 nfu i ldeuludeud 100 smuwadod (Junan 24-48

a

o @

w A o ¢4 o ¥ Ha '
‘]f'.lTiN mmmﬂz'ﬂHuﬂmwummqtmwaqgaﬂwmvaﬂnuﬂmmamu

. » ¥ »
dufl 2 quaneisBszue s efidud venhmilnyaimualuuaoziu 1 ldeun
- =1 q..ﬁ ar : a o ¥ o [] ; r o
QUYL 70 aruadea w72 49 1ue saihmidnuazinuldged urutiounsy 5 Ju e
¥ Y Y o o v o4 o & vd ¢ o )
nmuamagnldfidiiu dimsquinudnasadseiia s nlesiud W ldvaruazunssvig 1
&sooa d‘i o - 4 o ) r=1 a ] 1 9/ =
findas et 1U3nseviesfdseneunianil uagdiuiuniainisses laninisnisvos
Schnieder 1182 Flatt (1975)
] =4 [ []
5.3 myguifualedilaag
ot - Y 4=' or u’j 1 Qt ] L% L] 9 1 3
TunndsuiasilaaizAvueenuinanueved lauaazarlunraz iu luviasineuls
9} L A oa q ué d'l 3 o a a ar =
o3 Taglanstonntadadudi lndgeesnuuume lddniusessuiamiznndaln uazlimen

1 ot ﬂ' a/ l& I o/ = = =0y
aolufamyuzisosdulaazddnsadafafadudu 1 Tuand (1 M 1,50, 250 fTaddns e ld

4 =5

Yransihunsn ¢H < 3) festumsqauioveslulnsivuilosnnfionssuvosydunid smiudin
Pnasilaanefanuaidueenlundosu quiufaae Tiszum 10 Wefifudvesilamaz
fnuandauioenidiu 2 daudsi

5.3.1. guldwindudedevue 250 Tadaes hulinaoaszosnaassud iy
msgudnnda sz 5 % duldvandaetne i lduduisfigungl 20 ssmmadvd Wedinszy
milFnaluTasnuluilasiz

v 1 ¥ [
5.3.2 thilamzuudensdrnihnduludasdiu 1:3 vinduhilaaeiidanwds 8o

= =

a oo T @t 0 [ 3 y a o a o
Tafdas ldviadaegne i llusuiesfigaungli - 20 esrumaifod iednszimeyiuiAd5u

o

(purine derivatives)

»

5.4 MIFUINUAIDENVOUNAININATTINS VY (rumen fluid)

o " ar [} w o ] 1 ]
‘V]'lﬂ'liquﬂ’JE)U'N‘UﬂQ!‘Hﬁ'm']ﬂﬂim'ﬂ'lgEll.l‘u‘Uﬂi'lﬁ@l’J‘nﬂﬂENllﬂaxﬂ@.ﬂﬂﬂﬂﬂQﬂﬂuiﬁﬂWﬂTE

o

o < ' ] ar 1 o
(] ‘IS'JT'LI»‘]) ltﬁ%ﬂﬁﬂﬁl‘ﬁﬂ']'ﬂ"l'i 4 ‘B'JI!N HIUNTINDDINITONIT Elu?Hf!ﬂﬁ'lﬂ‘llﬂﬂ'i%ﬂgﬂﬂﬁﬂﬁqumﬂ

o o 1

= A aa [~ 1 o o 3 ]
ﬂill'lﬂ.l 100 waaansg ‘N']ll']')ﬂﬂ']ﬂﬂnllll]uﬂ‘iﬂ-ﬂ'lﬂ‘nuﬁ HAIINUULUUIVDUNDININATLIWIZ I LN

14

L} @ A
somilu 2 dau Al

1 4 ) ] = a aa t -~ ~a L ) o =

a1 quiudSines o0 fiaddas ldvianmadnilTunag 120 dadniu wunse-
dafa3ndudu 1 Tuard 1l5uies | Tafdasdsveunadnnnssmizguu 10 Hadfas Mongams
[ - - ad Y o v a . 9 a2 ' ~ =1
vrouveegaunid ud nn1uiumios (centrifuge) A10n21057 3,000 sEVABU 1A 15 W
o ' ol a aa o v =
o1 uAila (supematant) Uszuas 10-15 Gaddes luvaanaadniu B ludurudgongi 20

. A o = 4 ] . - L .

ssnr Ao e U Ainsevivuen Taudis-1uTas19u (ammonia nitrogen) n3a luliufiszimede-
¥ ’ ' ;
favua uaznsalvduiszimodeididy 18un nsaueSaAn (acetic acid, C,) nsAInTHDOUN

{propionic acid, C,) uagnIAiiaNnsn (butyric acid, C,)
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gt 2 guiitutiiies 1 Taddas ldvanaiadnuina 30 Sadaas Aussgedunu

(formalin) Wudu 10 wlesimud (10% formalin solution in 0.9% normal saline) U54195 9 Jadany we

Widhin Ui Bioanad 4 essmwades e ldaseinlszansg@unid 1us uuaiice

{bacteria) Tus Tmafn (protozoa) uﬂzﬁﬂﬂﬁﬂ'i){ "UENL‘?;’?)'E’] (fungal zoospore) TauB1TUA54 (total direct
count) ANITUDY Galyean (1989)
5.5 MINUAIBGIUTDA

dusedhaudoateuliems 0 #2Tue) uagndeldoms 4 Halus lufugahoves

o S o 1 o 1A . . ' T
mududoya Taufudeiudeanndudend lvgusinuns Gugular vein) wiuilu 3 dufe

L4 3

r a -1 = o ao y o = =
g 1 ud5ues 3 Haddes diod I InsesimnnudnduesgSe-Tulaseuluion (lood
. 1 = d o o aa A o o o ¥ 9
urea nitrogen, BUN) a2u# 2 1fivfsuas 12 fiaddes o1 13w isvmianududuvesng laa
| A d' = o oo ¥ o = = o w [
luiden uazaus 31HudSuias 12 Haddes o Il mseinySuadateaunsdauiiu (pack

cell volume, PCV)

¥
4 w o o

5.6 MIFIUMUNTNINANDI
o ) o" Y w oa o g 1 ' 1 Y
MINTFIUIHUNTAINADDE 3 ﬂi\ﬂﬁuﬂﬂg‘ﬁﬁﬁﬂ’ﬁﬂﬂﬁﬂﬂ ﬁi’] ﬂﬂul%’lﬁ'lu‘l‘lﬂﬂﬂﬂ Hadnn

¥
<

] ] ¥
JSudad uazvdsvmduganisnaass Miniseatuiin ifegnintdoundasiimindves

dainanna

a el ]

5.7 furamdulszaninisges ldvesInvus Tnvuziden'lAsau (total digestible nutrient,

=

TON) U lnsuzfides1ah 14Ty (digestible nutrient intake) augaulasiou msdussnves

v dfa A : v da a 2 A 3t ar o
syiutiasuswluilaaiie eyiuinriufigneaduidId vognsduasizd luTasiauves
=) o o @ d‘,
1AUNTY AU

»

4
Fulszanimsvenldvaslavus esidud)

= (Qawugh 185y - Toguzluya) x100
Tnruzilasy
Tavusgeeds e diFud)
TDN =DCP + DCF + DNFE + (2.25 x DEE)
-
dlo- Dcp = TilsAusunoonld (losidud)
; DCF = welusuhdould (losidud)
DNFE = lTuTasimudSmnsunsnfidon’ld (losiud)

a { » € &
DEE = lufiusyuhdenla @ilosfidud)



Phinalavushdesianlasu @lansu/iv)

al

a - q( L =) 1
= fulszanimsves1dveaInwuy x USuraTnwvuzin1dsy

augalulasion (p3u)

a

= UimaTuTaswuiiu - (Sualulasuluys + e lulaseuluiloans)

[Y] w don o 0 & ar
pstusenayiuEN B us I uaaiz (Hadlua/iu)

o

= (ozuauTadu + nTag3n) (ad luadas) x WSnadlaszidusen (Fas/iu)
w da A A =2 d'n ¥ oA s
ey UENIUNGNYaFNNM T Gindlua/iv)

0.75

=(Y -0.385 BW 7)/0.85 {Chen and Gomes, 1995)
A LY @ da A a o (Y
e Y = midueonvoseyuiniuluilanie @adluad)

1 = [] 9t o o = A da [
- ﬂ'l!.ﬂ’@U‘tJENﬂ'l‘iUﬂUulﬂ“IJ’ENW'J‘iu‘U’El»‘li]‘ﬂu‘ﬂiUllﬂu‘ﬂ'lmj 0.85

[ = J (Y]
mivanzH ulnsuuesgdundd (n5uulnsow i)

Xx70 =0727xX {Chen and Gomes, 1995)
0.116 x 0.83 x 100

Y o -

*w oA A ® Ao ar
ayuiAIIugnaadund 14 @ad Tua/iu)

e
5]
~
Il

gy '

1 9/ ] = v
- nsveylduosiaiuveagiuniddauviniy 0.83
- WFualuTasmuluiSuiiaumiu 70 TadnsuTulnsudeiiod lua
N 1 - | = ~ o ]
- dadruvean 3 u TuTaneulugdunidsmluveanarninnszmig guuiia

1WA 11.6 ; 100

dszdniammsdaunsizilulasouvesgdunid (p¥ululnsiwwilandudunieTnghdenldly

NIZINIZ W)
= _MN (g/day) x 1000 (g) (Chen and Gomes, 1995)
DOMR (g)
e "MN = asdunizd lulasouvesgdundd (n3uluTaseuin)

'DOMR = mi3gey ldvesdunieingluvsunainnnszmizguu Glaniuiu)

=DOMI x 0.65 (ARC, 1990)

Tau DOMI = 1f5SuaBunseinghdeslanlasy @laniuiw)
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a d 3
6. m3imzresnlszneymaniiluve s fuams

= o« o - 3/ Y v ¥ oo ow ¥ o = o
ﬂ’li’)Lﬂ‘S’]$T‘lﬂﬂﬂﬂiﬁﬂﬂUﬂNLﬂN‘Uﬂﬂ‘Hiy”l!.!.‘l'N BIMITVUH UL l'I.Gﬂllﬂ WHUNI DUNILING

a,

Tususan luusou elosw uazidh Tau3% Proximate Analysis (AOAC, 1990) dniumins e
mivaad dnluanglaa uazfiniu TaoT3 Detergent method 489 Goering UA¥ Van Soest (1970)
msiinsziuen Tudle-Tu Tnsuluveamaa lunszmiz g TaodEmsndumuisn1susa Bremner
18z Keeney (1965) msinsivnsa luuiisemedie Wy nsauedan nialwsfieoiln uazifisn
a0l Gas Chromatography Agilent 6890n Aadud¥ila DB-FFAP 4u1AAIMY 30 LUAS
durgudnas 0.25 daawns wut 025 Iulaswes Taodaulasitnisinsziamiives Josefa
nazAnz(1999) Amsunms innedlSuesdadonumsdaniuldiBng Centrifuge (Heamatocrit 24)
msimseimszdugSe-Tulasionlunarmil 1063515 Urea two steps enzymatic colorimetric test
Tnol$hie1d 3931 Urea Liquicolor Sinmsianmududuvesnglnaluifenl¥3s GoD-PAP method
TaoliherdSeg)) Glucose Liquicolor daunsiinsizieniuinsiuluilaaelfindos HPLC
Agilent 1100 ADAVYA ZORBAX SB-C18 W1ARMNUN 150 Tndms iduiiguines 4.6

Tafwns vu1 s luiaswas TaesautlasniuiZnsvee Chen uazame (1993)

d
7. MIIATTHUBYAN WA DA

ihdeyarSanmamisiiuld dudsydninisdes1duealnyuz Tnvuzhivesldsw Usum
Tnyuzhdoodanidsu-augalulasiou szdvueuTudio-Tulasiou naznsa luiuiiszinede
_ o 1= o o o
luvounarlunszwinz gy Srwaulsgensgdunsdlunszimizgu maduasied lliduves
a a6 & o 2 Y ) (Y = w -l a L4
yaun3d Usuasilladeauassaniu seavgSe-lulassuuazszdaung Iaalwaea ndinaies
* a a = =4
AU5U39U (analysis of variance) MIULHUNITNAABILLY 5x5 MAUTUATT uazlTovinoy
1 - ad by o
Aunau1au3% Duncan’s multiple range Test (Steel and Torrie, 1980) uazdinzvnud Ty

1 i =t " -
MINDUAUDININAURAUVOININIUUA 1AUID Orthogonal polynomial
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Han1InAaBaz I 130ING
d of v_oa o 3/ v ey & o PR
panllszneumamiiveana Iwdnanyduuiaaze i stuniymate luudmhawsinhmauny
k4 or ]
MlnaualuszAumay
a o P ¥ oA o Y Tt & g
mMrinnedesnlsznoumaniivemgmananyauuds nozomsdunlsmmiie udae-

¢ 8w Wt Y I's i ] a
duhfunaunudnInavaluseduaneg namsinsziuans1iumsed 4 wud ngmduan-

o 3/

¢ ¥ oa g o A4 A ¢ d o w v ¥
yauuda il faquite 9332 wlefidud uazillefanlosiud Insusuuguinguis Useneuade

unietng 92.38 tlofidud Tususw 2.04 alofdud Tuifusn 0.43 nlefidud i 7.62 Wediiud
TuTasiouniiondinsn 55.89 ofidud milulamsedlidulaseathe 9.31 wedfidusd miuwad
80.60 nlosidud anTuag Taa 52.42 wesidud uazdniu 7.14 wlefidud aeandesfunisfnuives
dum (2552) uaz vy wUD (2552) fvnuh nimduanpduudsiiomsda 70 Su Akumsdy
widauda YsznouduBunioing 92.01-92.88 iwlosiGud TalsAusan 1.47-3.62 wefidud ludusou
023-0.74 lofiFud 181 7.12-7.99 nlefiud wiluwad 81.38-87.45 nledifud uazdinluivaglon
50.02-56.10 11lofiFud ffaf:ﬂmfiwmﬁafﬂmﬁﬁ'ﬂi'ﬂzsﬂﬁtmuﬂm"lﬂmuﬂﬁusiwq laun ngnia
anudveanisda silauazseduvesdls Jeseuandeniiyorfvey unzwiinveay Hedanade

o - 3 [y o = ] 1 Ao w = -
ssmlsznoumaniiiuandndu TaednAdrzliguaiomisgalurneididunTydvln uazezanas

]

A oA 13 q’: dydt = 1 =N = o ar
defiwilerguiniu MefinydunvidsunmvesTusiusw milulamsa unsoaoiaanns oy

ad N 4 4 4 w ) e
mﬂaiusm L“‘b”ﬂQTﬂﬁ MAZ AN HUWINHHNINYU LLIﬂQ‘i]'lﬂmil‘l.]ﬁULILL‘]J’MBﬂﬁﬁiu‘ixﬂ'ﬂﬁmﬁmm51‘1)

o

uazmiilaowlasesdlsenoumauniiludiuaiee vesie (5138, 2543; andun, 2540; moatu,

]
[

[ g T . A = o W = ~a =t g
2548) 061915fa1 ileanandmauanyduansnliuduazniyRula 18a luanmwiiuiqy

a

o

s = da =2 w =) a; = 3 A e ﬂ :’ '
Aunsa uazlinnuauysoid TanuzguduaniwduluAiuininld dadidudunsauasdimiuds
(@, 2540 1oz Sue uazAmE, 2544)
A 3 ¥ o : o

asnszneumaniivesemistuilénnidsluwdathduhdunaunud 1 Inaua 0, 25, 50,
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Level of PKC substitution for GC (%)

Composition" Plicatulum hay

0 25 50 75 100
DM 9332 . 94.22 94.24 94.60 95.15 94.27
oM ’ 92.38 96.29 95.54 95.04 94.30 93.40
Ccr 2.04 14.67 15.08 14.63 15.06 16.31
EE 0.43 2.44 3.02 4.02 4.93 6.36
Ash 1.62 mn 4.46 4.96 5.70 6.60
CF 34.03 1.85 4.07 6.39 8.93 1107
NFE” 55.8¢ ° 71.34 13.37 70.00 65.37 59.67
NsC” 939 59.92 45.28 30.03 14.82 11.6%
NDF 80.60 19.26 32.16 46.09 59.49 59.04
ADF 52.42 3.34 10.21 16.72 24.53 31.48
ABL . 7.14 1.27 249 4.70 6.72 9.21

“DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; CF: crude fiber; NFE: Nitrogen free extract; NSC:
Non structural carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin

“Estimated NFE = 100 - (CP + CF + EE + Ash)

“Estimated NSC = 100- (CP + EE + Ash + NDF)
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Level of PKC substitution for GC (%s)} Contrast P-value”
Attribute SEM
0 25 50 5 100 L Q

Plicatulum hay

kg/d 1.63 1.81 198 217 2.61 0.22 0.0045 .5200

%BW 0.45" 051" 0.55" 0.60" 0.72' 0.06 0.0038 0.4969

gkgBW'" 1974 2200 23.82" 262" 3154 2.58 0.0037 0.4906
Concentrate

kg/d 5.33" 493" 4.50' 347" 291° 0.34 0.0001 0.4761

2LBW 1.49" 138" 125" 0.96° 0.80° 0.07 0.0001 0.3667

ekgBW' " 64.70" 59.85" 54.32" 41.94" 35.04" 134 0.0001 0.3942
Total '

kg/d 6.95 673 6.48 5.63 5.52 0.44 0.0122 0.8252

%BW 1.94° 1.88° 1.80° 1.56° 1.53" 0.09 0.0012 0.7857

gkgBW' ™ 84.40" 81.83"  78.16" 68.04" 66.61" 4.33 0.0024 0.7999
OMI, kg/d 7 6.63 6.37 6.10 5.27 5.12 0.42 0.0063 0.8209
CPI, kg/d 0.81" 0.78" 0.68" 0.56" 0.55" 0.05 0.0004 0.9526
NDFI, kg/d 2.50° 314" 391" 4.48" 4.09" 0.29 0.0001 0.0527
ADFI, kg/d 1.03" 1.44" 1.78" 197" 231 0.15 0.0001 0.6318
Weight gain at 21 d, kg - 6.60 9.00 10.20 7.80 6.00 3.62 0.8366 0.3889
BW change, kg/d 0.33 0.45 0.51 0.39 0.30 0.18 0.8366 0.3889

L= linear, Q = quadratic
“"Within rows not sharing a commen superscripts are significantly different (P<0.05).

SEM = Standard error of the mean (n=§)
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Level of PKC substitution for GC (%) Contrast P-value”
Attribute . SEM
3 : 0 25 50 75 100 L Q
Apparent digestibility, %
DM 67.13" 66.50" 6222 6075 5812 1.88 0,0010 0.8693
oM 69.46" 69.08" 65.11" 6358 6091’ 1.86 0.0015 0.7628
CP : 62.31 58.90 54.21 54.08 55.05 2.47 0.0250 0.1700
NDF ' 51.70" 57.76° 5833" 6643 60.66" 2.69 0.0066 0.1290
ADF 3458 3800 3276 30.06" 4617 243 0.0162 0.0822
TON 68.32 67.85 64.63 63.60 61.44 1.87 0.0078 1.8656
Digestible nutrient intake, kg/d
* OM 4.61° 440" 399" 336" 3.10° 0.27 0.0002 0.7147
cpP o0.51" 0.46" 037" 0.30° 0.30° 0.04 0.0003 0.4897
Estimated energy intakey, Mcal/d
ME 17.53" 16.70' 15.16" 12.75% 11.80° 1.03 0.0002 0.7745

L= linear, (} = quadratic

*TDN = DCP + DCF + DNFE + (DEE x 2.25)

" kg DOM = 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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Level of PKC substitution for GC (%) Contrast P-value”
Attribute SEM ——M —————

0 25 50 75 100 L 4]

N intake
Concentrate
ke/d 0.130" 0.120" 0.100°  o.se’ 0.080°  0.010  0.0002  0.7461
kgBW'" 1.510" L440”  1.240" 1.000"  0.950° 0080 00000  0.9492

Plicatulum hay

kg/d 0.004 0,004 0.004 0.006 0.008 0.001  0.0489  0.2957

gkgBW'" 0.066 0.080 0.078 0.090 0102 0010 0.0226  0.7982
Total

ke/d 0.132° 0.126' o.108"  0.092" 0.088°  0.010  0.0005  0.8588

gkgBW'" 1.578° 1.516° 1314 1.086 1.058° 0083  0.0001  0.8937
N excretion
Fecae - :

kp/d 0.048 0.050 0.050 0.042 0.038 0.004  0.0640  0.2471

pkeBW" " 0.592 0516 0.600 0.498 0.478 0.042 00199  0.2879
Urine

kg/d ) 0.044° 0038”0028  0.022" 0016  0.003  0.0001 0.7644

ghkgBwW""” . 0.552" 04787 0364 0.262" 0214 0039 00001  0.6697
Total

kg/d . 0.092" 0.092" 0.080" 0.062° 0.058" 0.005 0.0001  0.4912

ghgBW" ™ 1.144' 1.094" 096"  0.764° 0.694° 0055  0.0601  0.6116
N excretion/N intake (%) 68.956"  78.756¢' 72,102  62.408° 73340 3414 04927  0.9523
N retention

kg/d 0.036 0.034 0.030 0.026 0.032 0006  0.4256  0.4995

gkgBW"™ 0.434 0.424 0.352 0.324 0.366 0.061"  0.2366  0.5239

"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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Level of PKC substitution for GC (%) Contrast P-value”
Attribute SEM
0 25 50 75 100 L Q

Temperature, °C

0 h-post feeding 39.40 39.00 39.20 39.00 39.00 0.15 0.1074 0.4815

4 39.20 39.20 39.00 39.00 39,00 0.13 0.1649 0.6873

mean 3930 39,10 39,10 19.00 39.00 0.12 0.0773 0.5039
Ruminal pH

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

4 6.53" 6.55' 6.78" 6.86" 6.89" 0.09 0.0030 0.6841

mean 6.58 6.68 6.87 6.92 6.94 0.10 0.0069 0.4392
NH -N, mg/dl

0 h-post feeding 12.86™ 1572 10.29° 971" 829" 1.68 0.0115 0.5627

4 12.86" 1143° 8.57" 8.28" 572" 1.16 0.0002 0.9463

mean- 286" 13.57" 943" 9.00" 7.00° 1.26 0.0009 0.7214
Total V‘FA, mmol/L

0 h-post feeding 75.43 69.58 59.24 57.32 58.78 4.85 0.0090 0.2220

4 80,81 69.79"  61.28" 57.66" 58.92" 5.38 0.0047 0.1629

mean 7813 69.69"  60.26" 57.49° 58.85" 4.68 0.0035 01536
Acetate (C,) (% total VFA) .,

0 h-post feeding . 70.54 70,09 70.21 70.53 72.61 118 0.2360 0.2494

4 S 1136 69.37 70,99 71.46 72.94 0.90 0.0836 0.1046

mean 70.95 69.73 70.60 70,99 72.77 0.97 0.1285 0.1477
Propionate (C,) (% total VFA)

© h-post }eeding 15.07 15.71 15.60 1533 14.55 0.55 0.4255 0.1658

4 15.18 16.99 15.59 15.63 14.96 0.64 0.4053 0.1557

mean 15.13 1635 15.60 15.50 14.76 0.52 0.3526 0.1137
Butyrate (C)) (% total VFA) “

0 h-post feeding 14.39 14.20 14.18 14.15 12.84 0.90 0.2859 0.5132

4 13.46 13.63 13.42 1286 * 1210 0.59 0.0777 03321

mean 13.93 13.92 13.80 13.50 12.47 0.72 0.1659 0.4233
C,:C, ratio .

0 h-pdst feeding 4.68 4.51 4.57 4.62 5.05 0.21 0.2249 0.1527

4 4.74 4.17 4,59 4.59 4.91 0.23 0.3030 0.1264

mean? 4.7 4.4 4,58 4.61 4.98 0.20 0.2179 0.1075

"= Iil;.;ar, Q = quadratic
"“Within rows not sharing a common superscripts are significantly different (P<0.05).

SEM = Standard error of the mean (n=15)
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Level of PKC substitution for GC (%) Contrast l’-value”
Attribute SEM
0 25 50 75 100 L Q

Pack cell volumn, PCV (%)

0 h-post feeding 32.20 32.00 3340 32.60 33.80 1.20 0.3315 0.8954

4 32.20 32.20 33.80 31.40 33.00 0.97 0.7977 0.8284

mean 3220 3210 33.60 32.00 33.40 1.04 0.4949 0.9798
Blood urea nitrogen, BUN (mg/dl)

0 h-post feeding 15.62" 14.73' 13.88" 10.05" 9.94" 1.18 0.0006 0.7539

4 15.25" 1462 1336 11.06" 10.07° 122 0.0024 0.7032

mean 15.43" 1468  13.62"  10.56"  1001° 1.02 0.0003 0.6836
G]ucnse_(mg/dl)

0 h-post feeding 62.32 60.74 61.92 61,96 59.40 2,06 0.4874 0.6922

4 61.54 60.36 58.94 61.76 61.26 1.48 0.8602 0.3282

mean 61.93 60.55 60.43 61.86 60.33 1.89 0.6726 0.8129

‘L= linear, Q = quadratic -~
“*Within rows not sharing a common superscripts are significantly different (P<0.05).

SEM = Standard error of the mean (n=35)
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Level of PKC substitution for GC (%) Contrast P-value"
Attribute SEM
0 25 50 75 100 L Q

Bacteria (xlﬂmcellfml)

0 h-post feeding 7.00 5.83 6.95 6.48 5.41 1.327 0.5563 0.7832

4 6.11 711 4.63 5.21 an 1.694 0.0707 0.6429

mean 6.55 6.47 5.79 5.84 4.56 0.944 0.1417 (6435
Protozoa (xlﬂicell.’m])

Holotrich protozoa

0 h-post feeding 1.66" 178" 119" 0.74" 46° 0,193 0.0001 0.3733

4 1.76" 2.19° 110" 091 0.67 0.250 0.0005 0.6447

mean L™ 1.99' 115" 0.83 057" 0.188 0.0001 0.4453

Entodiniomorphs protozoa

0 h-post feeding 0.50 0.69 0.60 0.23 0.24 0.129 0.0290 0.2040

4 - ’ 0.47 0.69 0.33 0.30 0.24 0.121 0.0413 0.6187

mean. 0.49 0.69 0.47 0.27 0.24 0.107 0.0156 0.2904
Total protozoa

0 h-post feeding 216" 247 1.79" 0.970" 0.70" 0.220 0.0001 11341

4 o2 2.88° 1.43" 1.21° 0.91° 0.311 0.0005 0.5725

mean .22 2.68° L61™ 1.09" 0.81° 0.230 0.0001 0.2704
Fungal zoospores (xll}scgl_llml)

0 h-post feeding : 2.55 495 3.28 3.8 2.86 1.153 0.8820 03156

4 1.94 4.45 1.82 2,59 2.60 1.056 0.8736 0.6910
’ mean 2.25 4.70 2.55 319 2,13 1078 0.8743 0.4624

“L= linear, Q = quadratic.
"Within rows not sharing a common superscripts are significantty different (P<0.05)

SEM = Standard error of the mean (n =5}
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Level of PKC substitution for GC (%)

Contrast P-value”

Attribute SEM

0 25 50 75 100 L Q
Purine (mmol/d)
Urinary purine excretion” 104.98 95.88 99,98 10061 84.06 11.36 0.3167 0.6711
Intestinal purine absorptiony 91.59 8112 85.82 86.64 67.04 13.47 0.3151 0.6749
Digestible organic matter in the 3.00" 2.86" 259" 218" 2.02° 0.18 0.0002 0.7638
rumen (DOMR) * (kg/d)
Microbial nitrogen supply s’(gN;’d) 66,80 58.97 62.39 62.99 48.74 92.73 0.3151 0.6748
Efficiency of microbial nitrogen 22.38 21.63 2412 21.49 23.81 4.26 0.5259 07582
supply*(gN/kgDOMR)

"L= linear, Q = quadratic

HWithil_l rows not sharing a cemmon superscripts are significantly different (P<0.05),

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

y(Allambin+Uric acid (mmol/i)) x urine volume (I/d)

¥ (Urinary purine excretion (mmol/d) /0.85)-(0.385 x BW"™)
v Digestible organic matter intake (kg/d) x 0.65
¥ Intestinal purine absorption (mmol/d) x 0,727

“ Microbial nitrogen supply (éld) / Digestible erganic matter in the rumen (kg/d)
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