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Table 5 Effects of palm kernel cake on nitrogen utilization in goats fed with plicatulum hay as roughage.

Palm kernel cake (PKC) levels in concentrate (%)1/ Contrast”
Attribute T1(15) T2(25) T3(35) T4(45) T5(55)  SEM” L Q
N balance, g/d
Total N intake 15.04a 15.09a 14.40ab 13.66b 13.76b 0.26™* 0.15 0.98
N-concentrate 13.80a 13.63a 12.96b 12.47b 12.63b 017 0.15 0.76
N-roughage 1.24 1.46 1.44 1.19 1.12 0.11 0.34 0.20
Fecal N 4.62b 3.63bc 4.64b 4.94ab 5.62a 0.35**  0.001 0.04
Urinary N 2.24 2.63 2.22 1.70 1.89 0.28 0.23 0.83
Absorbed N 10.42ab 11.46a 10.03b 8.72¢c 8.13c 0.35* 0.02 0.37
Retained N 8.18a 8.83a 7.91ab 7.01bc 6.24c 0.32** 0.03 0.34

1/T1 = Level of PKC 15%, T, = Level of PKC 25%, T, = Level of PKC 35%, T, = Level of PKC 45%, T, = Level of PKC 55%.

' SEM = Standard error of the mean (n = 5) and* P<0.05; ** P<0.01.

L= linear, Q = quadratic.

a-c within rows not sharing a common superscripts are significantly different (P<0.05).
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Table 4 Effects of palm kernel cake on rumen microbs in goats fed with plicatulum hay as roughage.

Attribute Palm kernel cake (PKC) levels in concentrate (%)” Contrast”

T1(15) T2(25) T3(35) T4(45) T5(55) SEM L Q

Total direct count

Bacteria (x10"cell/mi)

0 h-post feeding 1.60 1.56 1.45 1.35 1.45 1.35 0.50 0.67
4 1.90 2.20 1.67 1.63 1.56 2.01 0.67 0.80
Mean 1.75 1.88 1.56 1.49 1.51 1.65 0.43 0.89

Fungal zoospores (><106 cell/ ml)

0 h-post feeding 2.28 1.91 1.67 1.61 1.63 0.27 0.07 0.51
4 2.36 2.67 2.15 1.51 1.52 0.37 0.11 0.72
Mean 2.32 2.29 1.91 1.56 1.52 0.28 0.06 0.97

Total Protozoa(x106 cell/ml)

0 h-post feeding 2.88 2.51 2.47 2.21 2.29 0.26 0.09 0.50
4 3.16 3.47 3.15 2.63 2.61 0.32 0.10 0.56
Mean 3.02 2.99 2.81 2.41 2.46 0.26 0.06 0.95

Holotrich sp. (x10° cell/ml)

0 h-post feeding 0.63 0.57 0.40 0.72 0.27 0.28 0.74 0.51
4 0.50 0.75 0.57 1.07 1.15 0.45 0.34 0.71
Mean 0.56 0.66 0.49 0.90 0.72 0.21 0.44 0.61

Entodiniomorphs sp. (><1O6 cell/ml)

0 h-post feeding 2.82 2.45 2.43 2.14 2.26 1.47 0.11 0.76
4 3.11 3.40 3.09 2.52 2.50 1.44 0.10 0.82
Mean 2.96 2.92 2.76 2.32 2.39 1.45 0.13 0.72

" T, = Level of PKC 15%, T, = Level of PKC 25%, T, = Level of PKC 35%, T, = Level of PKC 45%, T, = Level of PKC 55%.
* SEM = Standard error of the mean {(n=25)

L= linear, Q = quadratic.
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Table 3 Effects of palm kernel cake on rumen fermentation and volatile fatty acid profiles in goats fed with

plicatulum hay as roughage.

Attribute Palm kernel cake (PKC) levels in concentrate (%)” Contrast”
T1(15) T2(25) T3(35) T4(45) T5(55) SEM” L Q

Ruminal pH 6.53 6.49 6.41 6.22 6.42 0.10 0.15 0.35

NH.-N, mg/dl 16.71 16.71 14.43 15.86 14.14 1.13 0.23 096

Total VFA, mmol/ L

0 h-post feeding 58.48 59.59 59.09 57.95 57.70 0.96 0.76 0.79
4 92.69ab 95.11a 91.60ab 87.38bc 83.75¢c 1.70™ 0.02 0.32
Mean 75.58a 77.35a 75.35a 71.76b 70.73b 1.01** 0.01 0.31

Molar proportion of VFA, mol/ 100mol
Acetate (C,)

0 h-post feeding 70.65 69.39 70.62 71.18 71.36 0.64 0.27 0.52
4 71.95 71.04 72.36 72.15 72.40 0.79 0.48 0.81
Mean 71.31 70.22 71.49 71.66 71.88 0.62 0.24 0.56

Propionate (C,)

0 h-post feeding 19.26 20.21 19.156 19.61 19.20 0.51 0.83 0.76
4 20.19 21.50 20.81 20.75 19.93 0.58 0.67 0.31
Mean 19.72 20.86 19.98 20.17 19.57 0.47 0.69 0.42

Butyrate (C,)

0 h-post feeding 7.24a 7.51a 7.53a 6.06b 6.46ab 0.34* 0.16 0.62

4 6.01 5.63 4.94 522 5.51 0.54 0.35 0.87
Mean 6.63 6.58 6.17 5.60 5.98 0.37 0.16 0.72
Other VFA,”

0 h-post feeding 2.83b 2.84b 281b 3.2a 2.98ab 0.07* 028 094

4 1.83ab 1.82b 1.87ab 1.88ab 2.14a 0.08* 0.07 0.25
Mean 2.33b 2.33b 2.34ab 2.54ab 2.56a 0.06* 0.07 0.60
C2:C3 ratio

0 h-post feeding 3.70 3.48 3.73 3.69 3.77 0.1 0.64 0.71

4 3.57 3.31 3.48 3.53 3.71 0.12 0.40 0.27
Mean 3.64 3.39 3.61 3.61 3.74 0.10 042 039

v T, = Level of PKC 15%, T, = Level of PKC 25%, T, = Level of PKC 35%, T, = Level of PKC 45%, T, = Level of PKC
55%.

?SEM = Standard error of the mean (n = 5) and * P<0.05; ** P<0.01.

Y= linear, Q = quadratic.

4/ . .
Sum of isobutyrate, isovalerate, and valerate.

a-c within rows not sharing a common superscripts are significantly different (P<0.05).
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weslulansmuaclilsiiu nsgatnaesnssladi
fezweldtiuutanszmnzgiun Shamsluai
(ruminal passage rate) 28918wadldganszinng
azTungy (@abomasum) (LOpez et al., 2003) NINNIT

T S9UAUANNINTYE P uaeenTABUNTE

(organic acid) '1%\1‘1)134miumuwwzgmuﬁ@'q%u@gﬁu
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et al., 1992) WAz Sutton et al. (1993) T18N1UIN
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(P<0.05) warduwnldfinduanussiuniniiely
AR AT Ry analiiesann nrana
reauenliile-lulasian (NH-N) analunseimne
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‘Vl(u\‘i INIENsTLaUNNTuNg Jduaziiailuunas
anflulansndides anelddne © MmFuNI91e3 Y

a a ¢ an a a k%3 "
29998u3e uaziiinLlsr nenmnisldussTamd

NH N T1inns “siasnzviqfunizelilsiu natienidial
LL@Xﬂ?Mﬂﬂ%ﬂZjN branched chain volatile fatty acids
(BCVFA) "nmimﬁmfﬁu (Russell and Sniffen, 1984;
Nocek and Russel, 1988)
eRansnniBauieuan “n muasudd
saansalasiuiisyime|d (C,:C, ratio) ANNTHIIAT 0
way 4 dalnaudanislfenuisuazaiadeson
wudlaifipauunnsineiu (P>0.05) luusiazngai
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MTHARLT Wneu AN saaatAfuenlneanlns
(co) é’wia‘immu (H) ARaNNITLILANG
CHA) (Preston and

Leng, 1987) WA 15LN"3 qmm:ﬁmm‘miﬂ@@ﬁﬂ

\‘ILV’]?”IW‘Mﬂ?ﬂVN AN (H +CO

- o I T .
AeliiuA WEUNATYN AT 818017 “wAse
nsalnsileflAaNnAasind LWNEUNATIuTas
T saiudng 818013 “wmninsnesinALay
N7A09NTANINNGNAALTUA LNN-LFUAATUNIN
= = o = P
Faflunng L anasanunuilauanmilaann
ANNFAUNLNATUANNNTLLIUNIUNN (1157, 2533;
Preston and Leng, 1987; Van Soest, 1994) a1nNKA
NN9INARDIASIT AN NTWIeInTA TN ITIme
Ifdnevianuaeatrastamad lunssmnz et
a9 70.73-77.35 mmol/L In&LAsaiusIeanued
Chanjula et al. (2007a) @ Chanjula et al. (2007b)
929U A1 TVFA 289ungni winuidesine

v dall A = & @ L
ey (Wulles-uastnayidouw 50 Lasidus)
fAeanatlutag 75.00-79.20 waz 80.87-86.57%
ANNAF T4 France and Siddons (1993) 37841437
1 U U o dl QJZI/
ANl NTuaaensa lasunszwe laianunly
NIUNZIHUINARA9E1MI79 70-130 mmol/L Tl
AN “NRUSAU NN nNsnule way Ny Tna
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Table 2 Effects of palm kernel cake on feed intake (kg/d) and apparent digestibility in goats fed with

plicatulum hay as roughage.

Item Palm kernel cake (PKC) levels in concentrate (%) SEM Contrast P-value ¥
T1(15) T2(25) T3(35) T4(45) T5(55) L Q
Total DMI, kg/d 0.768 0.828 0.808 0.748 0.740 0.03 0.45 0.41
OMlI, kg/d 0.717ab 0.775%a 0.755ab 0.69%9ab 0.688b 0.02* 0.43 0.39
CPI, kg/d 0.094a 0.094a 0.090ab  0.085b 0.086b 0.001* 0.15 0.99
DM 72.11ab 75.62a 7211ab 68.27bc  63.77C 1.71* 0.005 0.11
oM 73.48ab 76.78a 74.62ab 69.97bc  65.72c 1.62** 0.005 0.09
CP 69.28a 72.83a 70.18a 63.64b 58.73c 1.55%* 0.001 0.03
NDF 64.00a 69.96a 66.18a 63.73a 57.48b 2.01* 0.06 0.05
ADF 54.32abc 62.17a 58.56ab 52.32bc  48.05c 2.47* 0.05 0.04

T, = Level of PKC 15%, T, = Level of PKC 25%, T, = Level of PKC 35%, T, = Level of PKC 45%, T, = Level of PKC 55%.

“SEM = Standard error of the mean (n = 5) and * P<0.05; ** P<0.01.

Y= linear, Q = quadratic

a-c within rows not sharing a common superscripts are significantly different (P<0.05).

NSEUIUNITUN LUNTENIZTINULATAMNLTNTY
aasnsalusiufiszivele
mm@\mﬁumﬂLﬁ@lumﬁmmﬁuﬁﬁﬁﬂumm
ANMTUNEABANIANNTUNIA-ANS (pH) (6.22-6.53)
wazsan e lulngian (NH-N) (14.14-16.71 mg/dlL)
(Table 3) wusnldfAauuAnFNeiYL (P>0.05)
Lwaﬁ”Lﬁi"ummmmawmm TngilAlads sy

]
k7 =

Aaudnan daflussaufilnfuasvang use
NNINNULBIAUYITHTIUNIZINNZINY  (Ferguson
et al., 1993; Van Soest, 1994)
mmmizﬁumﬂLﬁ@lumﬁmmﬁuﬁwﬁﬂumm
avnstusiemududuaeanse laufisy e ld
%WN@ (total volatile fatty acids, TVFAs) mu%\mﬁu
AN NduLeINTARZTRA (acetic acid, C) uaz
nealwsiaaila (propionic acid, c) Tuusazdaean
0 uaz 4 FaluandantslfemnsuazAnieds sy
(Table 3) wudynan ldiANLANENSAY (P>0.05)

We TVFAs Nnan 4 daluaundannslienung uay

ANeAEIIN uazuaznIaliaofia (butyrc acid, C)
A o o D) I [
foan 0 daluandanisliianmns feAmonudndu
299090 lusz e IAvauNANI NgNBUeEN
Hile ATy (P<0.01) Tne M9¥ 4 UAT 5 (45 uay
B5% PKC) NA1ANdInguauatinedlie MAtyds
(P<0.01) uaziuurItiuanadlugiuuu “unss (L, P=
0.02 uax 0.01 AINAAL) AINsAuNINialy
N o
WAL AN TWNINIY 81alieeNtann N
a A co A Ao o a £ '
Bunadinguazlusiuiiu waz “Nilsz“viEn1sten
IHregems @uvisdinguasiisiv) (Table 2) uaz
a9AUszNeUNNaARTeIe NN BslAFuLANGinari
(Table 1) wazaududusasnsaluiuszive
Tavianuainnauly “asnddiunanisiuliaes
a a o a % d‘ 1 4
Bursding  Psununisnuldaeslnausiden s
a a o Aﬂld dl i 1
2098uvTdIng uaratmsnianflulamenilald
Tn99 §19 9 (Van Soest, 1994) uanani a1m1snd
Aflulaimsmdas analddng (soluble carbohydrate)
L uazd “wlsyTnEnstenld 9azsiin e ou
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1) ladwdalddfa vivewndeutazeudelavinly

1 k2

a 4 1 v A 1
ﬂ@u‘l’]ﬁ‘ﬂL"ﬂ’]E’ﬂHiﬂE’m vrald "wrndndas

a al o a

walgld 2) laduenaduiwseqauvisdunsnd
Wunam Wdszainsqaunidaiiniuanadiia
o . o
naasuudasanuiilszansqdunsd lunsuinng
gwu 3) nanladuanallinasentiagad (cell
membrane) 184RAUYIEMINIRNIVINUAARY LAY
4) n3nlasiy ee19e1alvindseny cation fin

w114 insoluble complex TaRNAlALIATIABANUIY
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cation Tiaawvidiin U dUss ten] vefnanieden
rerAnidunsa-Alunszmn gt innsdes
Ianas n1al 3ulasulueavisuananndud
NITUAUNTINEN IUNIUNIEFMU ENAANTELIUNIS
MInTUNIALeINT AN (hindgut) M lanAN

Aunsalunseios s IUNaRLa NI e
(Boggs et al., 1987) LLﬁLWNﬂW?ﬁULﬁ@TﬂTuH@ﬂﬂm
mn%u (Palmquist and Jenkins, 1980)

Table 1 Chemical composition of the experimental diets, plicatulum hay (PH) and palm kernel cake (PKC).

Item Palm kernel cake (PKC) levels in concentrate (%)” Plicatulum PKC
T1(15) T2(25) T3(35) T4(45) T5(55) hay
Ingredients composition, %
Palm cake kernel, PKC 15.00 25.00 35.00 45.00 55.00 - -
Corn meal, CM 59.75 58.11 50.41 42.25 28.80 - -
Soybean meal, SBM 15.54 5.64 2.89 0.17 - - -
Rice bran, RB 5.00 5.00 5.00 5.00 5.00 - -
Urea - 1.00 1.10 1.20 1.20 - -
Salt 1.00 1.00 1.00 1.00 1.00 - -
Mineral mix” 1.00 1.00 1.00 1.00 1.00 - -
Dicalcium phosphate 1.00 1.00 1.00 1.00 1.00 - -
Molasses 1.46 2.00 2.00 2.00 5.00 - -
Palm oil - - 0.35 1.13 1.75 - -
Sulfur 0.25 0.25 0.25 0.25 0.25 - -
Chemical composition®
DM 88.54 88.61 88.726 88.876 88.78 92.16 95.90
Ash 5.74 5.43 5.46 5.75 6.41 8.28 3.90
oM 94.26 94.57 94.54 94.25 93.59 91.72 96.10
CP 15.89 15.76 15.83 15.48 15.56 3.04 14.20
EE 3.22 4.19 4.82 6.74 7.80 0.21 9.40
NSCY 43.36 36.96 33.03 24.44 19.04 6.28 3.63
NDF 31.79 37.66 40.86 47.59 51.19 82.19 68.87
ADF 13.29 18.69 22.63 28.37 32.72 54.01 52.68
ADL 4.72 6.28 8.20 9.32 11.05 8.84 14.73

v T, = Level of PKC 15%, T, = Level of PKC 25%, T, = Level of PKC 35%, T, = Level of PKC 45%, T, = Level of PKC 55%.

? Minerals and vitamins (each kg contains): Vitamin A: 10,000,000 1U; Vitamin E: 70,000 IU; Vitamin D: 1,600,000 1U; Fe: 50 g;

Zn: 40 g; Mn: 40 g; Co: 0.1 g; Cu: 10g; Se: 0.1 g; 1: 0.5 9.

“DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NSC: non structural carbohydrate; NDF: neutral

detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin.
“ Estimated: NSC = 100-(CP+NDF+EE+Ash)
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Effects of levels of palm kernel cake in concentrate on rumen ecology
and nitrogen balance in goats fed with Paspalum plicatulum
hay-based diet
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ABSTRACT: This experiment aimed to study effect of levels of palm kernel cake (PKC) in concentrate on
dry matter intake and rumen fermentation. Five goats with average liveweight 20+1 kg were randomly assigned
according to a 5x5 Latin square design to receive five diets (15, 25, 35,45 and 55% PKC, respectively). Plicatulum
hay was offered on ad lib basis. Based on this experiment, there were no significant differences (P>0.05) among
treatments regarding DM intake, whereas apparent digestibilities of DM, OM, CP, NDF and ADF were affected
(P<0.01) by inclusion of PKC in diets and tended to be slightly lower for goats fed the diet T, and T, containing 45
and 55% PKC as compared with other treatments. The ruminal pH and NH_-N were similar among treatments (P>0.05).
Volatile fatty acids, rumen microorganism populations and efficiency of microbial nitrogen supply were similar
among treatments (P>0.05), but nitrogen balance was affected (P<0.01) by inclusion of PKC in diets and tended to be
slightly lower for goats fed the diet 45 and 55% PKC as compared with other treatments. It could be concluded that
the level of PKC in concentrate should be 15-35 % for goat fed with plicatulum hay.

Keywords: palm kernel cake, rumen ecology, nitrogen balance, goat

1

MATTN BAAT AT ATUENIWENNIDTINTNE NWINENAY STATUATUNT 2. 92AN

Department of Animal Scignce,”Faculty of Natural Resources, Prince of Songkla University, Songkhla 90112
2 AueRduuaz AW “ATALRBIUIALAN AENINEINITITHTNR NMINLIAY  JTANUATUNS 4. 9247

Small Ruminant Research and Development Center, Faculty of Natural Resources, Prince of Songkla University,
Songkhla 90112

" Corresponding author: pin.c@psu.ac.th



