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Abstract

Project Code: MRG5180259

Project Title: Studies of ensilage roughage production from cassava peel as energy

source in dairy cows diet on milk yield, milk composition and milk quality

Investigator: Mr. Pipat Lounglawan

E-mail Address: pipat@sut.ac.th

Project Period: May 2008 — March 2011

Abstract: The present research aimed to study the ensiled roughage production
from cassava peel as energy source in dairy cow diet on milk yield and milk quality. This
study comprised two sections. The first section was conducted to determine the chemical
composition and to evaluate energy values and ruminal degradability of cassava peel
and other feed ingredients. The results of the study found that chemical composition,
energy values and degradability of cassava peel and other feed ingredients were in the
range reported by other researchers.

The latter section was designed to investigate in three experiments. The first
experiment was carried out to investigate the chemical composition and to evaluate
energy values and ruminal degradability of various ensiled roughages with varying
ensiling times. The experimental design was 5 x 3 factorial in completely randomized
design, which factor A was levels of cassava peel in 5 different formulated mixtures (0,
10, 20, 30 and 40% kg fresh weight) and factor B was time of ensilage (14, 21 and 28
day). The results showed that DM contents increased with increasing time of ensilage.
The pH were higher in the ensiled roughages 1 and 4 than in ensiled roughages 2 and 3
whereas NH;-N content was in the range of good quality silage (< 10% of total N). The
HCN concentrations were increased with increasing levels of cassava peel in the
mixtures while HCN concentrations decreased with ensiling times. The DM degradability

reduced with time of ensilage. Lactic acid decreased with increasing time of ensiling



while acetic acid increased with ensiling time. The best ensiled roughage mixtures were
formula 1 and 4, and at 14 d of ensiling.

The second experiment was conducted to investigate the effect of feeding ensiled
roughage containing cassava peel as energy source on milk production, milk composition
and micro-organisms in milk. Twenty four Crossbred Holstein Friesians evaraging 14.98
+ 2.24 kg of milk/d, 137 + 53 DIM and 380+ 74 kg liveweight, were assigned in a
Randomized complete block design (RCBD) into three treatment groups with 8 cows in
each group. The first group was fed concentrate and corn silage, the second group was
fed concentrate and ensiled roughage containing no cassava peel and the third group
was fed concentrate and ensiled roughage containing 30% cassava peel. The results
showed that cows on 0% cassava peel consumed significantly more DM and net energy
than those cows on corn silage and 30% cassava peel whereas cows on corn silage ate
significantly more CP than cows on 0 and 30% cassava peel. Cows on corn silage had
significantly higher milk fat and milk total solid contents than those cows on 0 and 30%
cassava peel. There were no significant differences in liveweight change, thiyocyante
content in milk, total plate count, coliform bacteria and methylene test in milk. RDPg,,
were in excess while RUP,, were inadequate in all treatments.

The third experiment was carried out to investigate the effect of feeding ensiled
roughage containing cassava peel as energy source on change in rumen ecoloy. Three
fistulated non-lactating Crossbred Holstein Friesian dairy cows were allocated in a 3 x 3
Latin Squares Design. There were no significant differences in rumen pH, concentrations
of acetic acid and propionic acid, ratio of acetic acid to propionic acid, ruminal bacteria
and protozoa population whereas ruminal NHs-N concentration at 2 h post feeding was
significantly higher in 2 group than in 1 and 3 groups.

It can be clearly concluded in the present study that cassava peel can be used
as energy source in ensiled roughage mixtures for dairy cows. The level of cassava

peel inclusion in roughage mixtures is 30% and time of ensiling is 14 days.

Keywords: cassava peel, dairy cattle, ensiled roughage, milk production and

composition, energy source
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dg=a+b(l-exp )

Lf‘lﬂ dg = Effective rumen degradability
a = Water soluble N extracted by cold water rinsing (0 hr bag)
b = Potentially degrade N, other than water soluble N
c = Fraction rate of degradation of feed N per hour

t = hour
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AUANNIIAIL
dg =a+bc/(c+k)
1o dg = Effective rumen degradability
a = Water soluble N extracted by cold water rinsing (0 hr bag)
b = Potentially degrade N, other than water soluble N
c = Fraction rate of degradation of feed N per hour
k = Fractional outflow rate of digesta per hour

Weda ldan de udransarh ldsznaa ldsaundesaarsla lunszmnzytn
(Rumen degradable protein, RDP) itaz 11/sauin lidesaareldlunszimiznin (Rumen

4
undegradable protein, RUP) 1dauaumsil

RDP =CP x dg

CP = RDP + RUP #1308 RUP = CP — RDP
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Hudnlenasdismasnumsdesanild (DE,), wasauldalsz Teani la (ME,) uazamasau
v [ 9
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1 Y ) [ 1 J
digestible nutrient, TDN,,) gendluldentdudnlenas daunmmibesuazildondnlnadl

v k4
Tnauziges Idnanua (Total digestible nutrient, TDN ) 191101 65.77 118 38.36% A& 1A

~ J = A o o [ @ a v J
M1319N 2.1 ﬂﬂﬂﬂigﬂﬂﬂﬂ'l\uﬂilslutﬂa@ﬂiluﬁ’lﬂgﬁ'a\? HAZINNAUDINITHAD (Mean £ SD)

nlesifuding Inghiy
uia 4 o . v v . o a4y a e
wlaeniiudidenas mndudzvas laendnlna mmies
Faguita 25.19+0.36 22.97 +0.82 94.07 + 0.04 91.23 +0.06
Tilsau 1.04+0.18 2.03+0.16 1.83 +0.06 33.17+ 6.92
lastu 1.92 +0.82 0.13+0.10 0.92 +£0.20 732+0.82
181 17.66 = 1.76 738 +0.62 2.50+0.12 4.80+0.01
L?}ﬂﬁlﬂ 10.79 £ 0.48 12.28 £ 0.98 34.27 £2.50 13.11 £0.10
NDF 70.97 £ 0.04 61.36 £ 0.01 85.85+2.74 50.31 £2.48
ADF 18.73 + 1.62 14.68 +0.14 38.73 +0.46 16.65 = 0.64
ADL 7.15+0.24 516+1.28 15.85 + 0.24 9.18 +0.24
NFC 3.41+0.44 24.81+1.72 9.70 + 2.44 8.62 +5.38
NDIN 0.35+0.01 0.21 +0.02 0.16 +0.01 0.70 + 0.04
NDINCP 2.20+£0.06 1.33£0.08 0.99 £0.01 439+0.24
ADIN 0.19 +0.02 0.37 +0.02 0.15+0.02 0.55 = 0.02
ADINCP 1.18+0.10 23140.12 0.93 +0.06 3.44+0.10
HCN (ppm) 399.01 +10.16 211.74+£5.92 - -

nueve: ADF = Acid-detergent fiber, ADL=Acid-detergent lignin, ADIN=Acid-detergent insoluble nitrogen,
ADINCP=Acid-detergent insoluble crude protein, NDF=Neutral-detergent fiber, NDIN = Neutral-detergent insoluble

nitrogen, NDICP=Neutral-detergent insoluble crude protein, NFC = non fiber carbohydrate, HCN = Hydrocyanic acid



17

H 1 1% o o Y @ a o
ﬂTi'N‘ﬁ 2.2 ﬂﬂ!ﬂ11/11\1WaﬂﬂWHﬂlﬂﬂlﬂa@ﬂMHﬁTﬂ%ﬁaﬂ HAZINYAUDINITANY (Mean + SD)

YA
nlosidud Taguia nlaeniu maffudzvas  nasndina mnidles
d1lznas
TDN,, (%) 42.05 +2.94 52.17 +2.60 3836170 6577+ 1.62
DE,, (Mcal/kg)” 1.88 + 0.04 2.08+0.14 1.58 + 0.06 3.80 + 0.26
DE, (Mcal/kg)” 2.12+0.08 2.16+0.10 1.86 +0.02 3.6240.22
ME, (Mcal/kg)" 1.69 + 0.08 1.72 +0.10 1.43 +0.02 3214022
NE, , (Mcal/kg)” 1.00 + 0.06 1.02 + 0.08 0.81 £0.02 2.07+0.16

¥ueMe: ' TDN , (%) tdNFC + tdCP + (tdFA x 25.25) + tdNDF — 7)
’DE,, (Mcalkkg) = ((.dNFC/100) x 4.2) + ((tdNDF/100) x 4.2) x ((tdCP/100) x 5.6) +

((FA/100) x 9.4) - 0.3

3/DEP (Mcal/kg) = (((TDN,, —((0.18 x TDN,) — 10.3)) x Intake)/TDN,,) x DE,
“ME, (Mcal/kg) = (1.01 x (DE,) — 0.45) + (0.0046 x (EE-3)) (N9 EE > 3%)
“ME, Mcalkg) = (1.01 x (DE,) - 0.45) (n38 EE < 3%)

"NE,, (Mcal/kg) = (0.703 x ME,) - 0.19 (n3@ EE < 3%)

5/NELP (Mcal/kg) = (0.703 x ME,) -0.19) + ((0.097 x ME,)/97) x (EE - 3),

(P59 EE > 3%)

2.2.3 Msdoaaalg U INgUHa
= [l [ 9 = % o [ % a v J
msAnIMsgosdmeusiaguitsvewlaeniudnlzvduazingAvemsdal
Taedimsldgelunou nudlsuaiaguiaidesaais’la awaacluaisiei 2.3 fdaTug
] d‘ o 1 % 1 d‘ = 1 o
a9 e llinlunsgzrinuesTamiznszmig wuauleliszeznateglunszmizmiin
-4 [ a v o A Ao 1 o A -4
WY TagAveITdainnrtialionsimsdesaaislunszmigrinnuluauszezia 1ay
A Y o v oA ] o 9 Y [ =1 4 o
wasniudilgndsliaimsgesdalsiaguiia (dgdM) Indingsnuninidies uazniniu
dlenas druldend Inavzlinimsdosaatsinguite (dgDM) Aoud1ed (44.3%)
d‘ o LY 9 ti' 1 % ti'c;/ 1 dy o
Weihaiaguisigesdatsaingr Tuesans 9 dlddwulagTdsunsy
H 1 1 a P
NEWAY euaumsntaus 1ag Grskov and McDonald (1979) WUIIAINI5 1N AR 1
d‘ 1 A o ) (%} A 9J % ) [
A15197 2.4 An1sazane (A) veaaeniudilevias, waenvnlne, mauudlzvas uaz

J 1 1" o o w 1 § [} 1 a
mndes YAUNINY 39.9, 38.7, 55.8ua% 45.8% a1ua1ay ﬁ"JUﬁUliJﬁa'lfJLLﬁﬁnﬂﬁﬂLﬂﬂ
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nszuIuMIniindgoesTasgaunid (B) vesiaguitaliaunidy 445, 61.1, 42.0 uag 53.0%
audey drumdnenimlumsaaiod (A+B) voeiaguite 84.4, 99.8, 97.8 1Az 98.8%
AN 1AZBATINTEOTA18A (o) YOI TAgURTIAWNIND 0.032, 0.005, 0.021 1A 0.025%

AN

4 1 @ o [ [ o a v J
ms19h 2.3 midoodatinguitaveutldeniudnlenas uazfagavemisdad

[

4
AQUNI

Yngau 0 4 6 12 24 48 72 96 dg

P FYRIE Y YR T2 F YR ) PYR T ) FYR R ) EYE B ) YRR ) E YR

nlaontudilends 362 44.5 485 52.0 67.8 72.5 77.2 850 572

mnudnlzvds 45.7 54.8 62.5 68.5 74.6 80.5 85.3 95.3 68.3
nldendiina 335 37.6 40.6 43.4 48.6 50.6 55.5 63.5 443
mndies 355 49.0 56.4 57.6 69.8 82.7 90.7 93.4 63.4

nuene:  Effective degradability of dry matter

d‘ S I 4 [} o 9 A Y ) o o a v J
M1319N 2.4 Lﬂﬂﬁl“ﬂu@]ﬂ']ﬁfJf]‘(’Jﬁ'a"IfJ'N]QLLWQ%@QLﬂ@@ﬂNuﬁWﬂgﬁaQ HAZINNAUDINTAAD

gAY
Disappearance (%) waeniy  mndiudilinds wlaen mmides
dlzvids Inna

DM Disappearance (%)

A" 39.90 55.80 38.70 45.80
B” 44.50 42.00 61.10 53.00
¢ 0.032 0.021 0.012 0.025
A+B" 84.4 97.8 99.8 98.8
Effective Disappearance (%)* 57.2 68.3 44.3 63.4

UL "A = Water soluble extracted by cold water rinsing (0 hr bag), ’B= Degradability of water insoluble,
¥¢ = Rate constant (fraction/hr), “A + B = Potential degradability and " Outflow rate (fraction/hr) =

0.05
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a d
2.3 31IUNANIINAADI
Jd = A Y] o (Y (v} a o d
2.3.1 asntlszneumamiilunlasniiudnlzyas nazIngaversdad
= o = A % o [ [ a Y] o
mMifnyIedAlszneumunlveulaoniiudilevas vaziagavermisdad
= 9 =4 Y o [ [ d' 1 A &Y
@laenimIng  mmdes  uazmpuud1lerad) aaaadluaisnen 2.1 nulinlasnyu
o v A s d Ju ] VA o w
dnlendain)esiFudIngunagandni Adegbola (1980) 318914 (25.2 1Az 13.5% ANAIAL)
910518914 V09 Nwokoro and Ekhosuehi (2005); Devendra (1977) 1ag Adegbola wu3uaen
] o v A = (Y o w S I J 9 1 o
Hudnlenaad 1sammn 4.3, 4.8 182 6.5% a1y uazilosFuan mny 1.0, 4.2 uag
o o 3 @ o o A [ S I o c;
6.5% ud1ey Falunlaenmiudilzndan 1dany wuntnlosidud ldsaudt (1.0%) uazidn
' S D A ' v A
49 (17.7%) drulesiduaitele Ta1lndiResiuN Nwokoro and Ekhosuchi 1182 Adegbola
o w £ <3 1 = o o v A [
318970 (10.8, 12.0 4 10.0% Mua1a) Faazmuinasniudilsvdaliguainialnsus
' 9 o I 3 J 9 3 dy A an a o
Apud19d1 Tagmnizilosidudidrgeauin Nallerniloaw1ninnssuasmandaud iy
9y
fFlzvidavealsanu manauendiuveslasnvaslonlaoniudilevas eralimsduilou
a d' 1 9 A o v o o v A 09/1 A % ) [ d'
voIau luvazNiIumMsa wsamsianuazeIaritudleras onnalaeniudilzviaan
o Y 1< A % aaj A o A o £ " Yo
nlslumsnaasuilunlaeniiusiunaldeniuuen uazilaoniulu Fa'luladausnson
[ o F= A a = z:'? d‘d 1 1
niniu M lvdrvvesdurazniedunun tazdnlseminianinadonunine Inyuy
a = Y o [ 1 o A o Y
uaznsa lalas lgetdavewlaeniudilznasenunnanuuanawuesiugininnldlums

a a

a % LY a' o’Q’ a 1 a
Wﬁ@]ﬁlﬁﬁl °§Qi]1ﬂ§'lﬂx1'llﬂlﬁ]ﬂ DIRNT AUAAT UAL ITIAND AUARAT (2537) wuMYsuIMve

4

Toen ludazintosaanu llauaenus

E]

D.

J 2 d v v v J v J
nldend1nIna Tulesidudinguitageniiin nesemisdal nsuiladad 14

o w 9 ] L&Y ~ dy a a
199 (94.07 18z 90.5% awd1ey)  Fulesiduaiaguiaigeiionananngungives
Yy  Aq 9 A Y} Yy 9 A o a & = a
amwnadeunldaminldeninInaliuie edloaiumsnades1 91NIANYIV0I IUA
A e A Ja = A v A v Yo |
AUNNA, gING dUNONT tazadea WaNFy (2541) Tumslsdsdn Inannuuermsverulu
T @ = 4 =~ Y 4
Taun wunFav Inevnuiesntlseneumani fe Tsay, lviv, iwels, NDF uaz ADF
"o o o ' A Y A o =< ~
W0 (6.5, 1.0, 36.6, 68.2 1AL 41.1% a1ua191) Tagnuinlaony1 Inaniinisanuii
S I o 4 ° o w /I o
osikuallsau wels uag ADE @1 (1.0, 34.3 uaz 38.7% auaian) Tagnlesisud 1sau
] { ) I ] o { o 4
uaz iy vouldentn Inanminunldsudiuvesldentniui Usznsusussnisznou
a A 1 9 2K o Y 1 1 9 c;
MaALveuEe 1y, NDF 1ag ADF Aouv13ge 30 1ngaama lnyusAo U
A a P s ~ v o o ' s 3 Jo ]
oA zriosnlsznoumaniveaninudilevas wuilesiguaInguiia
A1 (22.8%) 1oIABUAUNITI1891UUOY Khang, Chon, and Nah (2000) taziguin Wiydu

(2547) 510974 (88.8 1AL 92.6% MU 191) a5 Fua 115au (2.0%) Taumfuiusieau
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W94 Preston (2002) auosifud ol (12.3%). NDF (61.4%) tag ADF (14.7%) NN
o £ < 1 @ ) v A I 4
51899114U04 Preston (5.0, 34.0 1ag 8.0% AINA1AY) B9 UNMNUUT 1 e Hilosigua

[ Y Y
1o lo, NDF 1z ADF Aoudnage Taenam Invuz lumniudilzvaniuivediu ergueaiu

u Q

9 +|

v A a @ ) @ [ 4 a 4 a 4
dlenaenadudn Issnusdautlaiudlzvas wug mslailedunss uazileinemeaas anu

E]

t4 a

A9 Jo aq @
ganauysaivesaunldiinmamizign gamalumsign uaznssuisnszurumsanauils

U

4
v Aa

(W5uAnA Tsaugninveg, 2519)

o

A

A J & 1 = a J 4 =\ (= I 4
madesituuvaalilsdy iWednsizviosndseneunianil nunilesisua
[ § 1 1 { A o 4 o 4 o a
TilsRumn 33.2% delimganni Aiend iaesa1ind (2544); q590 1AIg550, nav I3
Y] 4 o o
510505 LAY T ITTUNAY (2542); NRC (1988) 518911 (28.4, 26.4 1A 27.3% ANA191)
-4 o Aa ' o o
wesidud lufuiinsgid Idiia IndiReatusean gsde 1dg1550 uazame (7.3 uag 8.0%
o @ =\ I o A & o 1 A o 4 A
auaa) Tasilesuaeele (13.1%) ag NDF (50.3%) H941n03151891U4U09 NNAIY 1Hae9
Y] 4 o @ = Y o v A d A o 4 Y1
a1 Tud (15.2 1ag 62.2% MudIal) Faaoandedny WuHM nadiiesuns (2539) 18141491
A JaA ] 3 4 =] =4 dgj Y a
mnidies e loven 13.0-15.0% od1e lsnawesdiseneumuniivesmnidies Iuegivaiia
o A A g o 9 4 Aa A o o A 3’ U ~
wossairnhuiidueaa dsz@nimmmsanams lu'lawsaazaioti1d wazszeznein
9 o [ 09}1 [ A A = -] [~{ (] A A
lolumsana daiudiunmiae lumaibesarulvailudiuveailasn niounay (Husk) ve4
S o A Y a
maasany (e 15% ATy, 2547)
a U [ A v o U [ a v d
2.3.2 msdsziivpammanasnulu)asniudilznas uaz ngavermsdnd
A o a 4 4 =] o 1 [ 1
WermansnsIzesslszneumanil lduiranamaanulssnnaia
AMUANMIVDI NRC (2001) aavanaluasean 2.2 wuinlaensiuddenasingsnumsdon
aaw'ld (DE,), wasam sz Tend1d (ME,) nagamdsaiugns (NE,) Wiy 2.12, 1.69 uag
1.00 Mcal/kg  @N& 19U FINUNAIMEIIUMIoodatsla gani1lusiea1uves Adegbola
v Y
(1980) (1.03 Mecal/kg) drunasaiulugiInvuzidos 1dnanua (Total digestible nutrient,
1 U d! = c'v 1 U o 3 OSJ} Lﬂy zﬂl
TDN,,) (M0 42.05% @A 1dn 1 Tumniiud1lenal (52.17%) sietioraieauiainlunin
v o o A I3 Y ° ' A v o ) A ' Y}
udlzndadiarvveanlesidudid, NDF uag ADF snnlunldensiudnlznd usenann'ld
1 @ o v o ~ [~ 9 1 A A
Numndudlznasidiuvesas lulamsan lidulassadwegganioidiuveutls nay
3’ & o Y Y 1 A o o [ [] = [ S I 4
waawn e lddesaars Idieninluldeniudilznas wwdeanualesidua TDN,, Tu
A 9 d‘(; a0 A A 1 .
asnia Inand LW‘J”I%&IE’I”JULEJ@GLEJ, NDF i ADF A e IUUDI Hemicellulose, cellulose stae
-~ I v
Lignin Hdasaas laoen
] v t4 =) U o U U a v d
2.3.3 MsgegaalgvedInguisvauilaeniiudzyias uaz Ingaversdnd
M3gooaa1wUnIInnIie (Effective degradability of DM; dgDM) a9ianauLa

azarila awaasluasied 2.3 wonmniudilzndadlimsdosaaisinguiaganiilusieau
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Y04 U1 niteru (2547) (68.3 1oz 56.8% awara) lunldendudilzvndelian dgpM

Y 4
o A

[ Y % c; U % o [ C% o [ J
IO 57.2% Fad1nmniudleras fetieramsz lumniudilendatiosnlszneuvea
o { 1 - 4 z; 1 @ o @
a5 1y lawmsniaans ladega Aedinlesidgudidn, NDF uaz ADF dinilunlaeniudnlznds
2 ) I~ qu Y ) v A <3 4 = 1 °
Faasnsh 115z Teanilaa onialunldentiudilzndainlosiGud IisAuasudiad Tu
J [ (dy 4 o [ [l [ ~
n3di laesda ifendesansounilygmlaemsidsvilgaldswnuasdsznonlulasaun
[l [} =1 1 A A Y A [ a o 4 A [ 4
1379158 (NPN) danlummdesiinn deDM  IndiReadusisanuves Wil assariud
o W 1 A 9 = d! A = U ¢; (%2
(2544) (63.4 Az 62.7% aua1ay) daulaend1Ine I dgDM (44.3%) 900 HAA1 LAda
[ 1 9 a o o A [ -4 OBJ} dy A A 9
wuNganNlumudos (21.2%) (WAL maeIa1iud) atioraieanainlundond 1 Tne

4 a I 1 % { 1 c; 1
Usgnoudleidele, NDF uaz ADF USinagailunalinmsdesaaeinguiaiinaianiese dini

a a

(% Lﬂ' Lﬂ' o LY Y td' 1 v td'a'J [ tzy )
AANAVFUADU ) LiJ’f)’L!']ﬂTJ@]Q!LﬂQ‘ﬂfJ’l’)fJﬁa"IEJﬁ’J‘V]ED"JTiN@N d uul‘]JﬂTLl?ﬂlTﬂfJTﬂillﬂﬂJ

NEWAY auaumsniaue 1ag Grskov and McDonald (1979) Fanunainisazats (A) lunan

o o Y] 1 1 { ] 1 a v 1 a o o
1]1!ﬁ1‘]J$ﬁa\‘lq\iﬂQTﬁ"Juﬁ‘lMﬁa'lﬂlmﬁ?hﬁmﬂﬂﬂigﬂﬁuﬂﬁ‘l’ii]ﬂﬂ’f)ﬂiﬂﬂﬂauﬂgﬂ (B) VBIING
= o

Y ng dy A Y ) v A [l I 1 Y
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(L‘]Jﬁ?)ﬂﬁlﬂ’JI‘Wﬂ NINLUYT LLaSﬂ"IﬂiJl.!ﬁTﬂzﬁﬁﬂ) 3Jﬂﬂﬂalﬂ8\1ﬂ‘]ﬂ/lil§18ﬂ”lull’3 Iﬂﬂﬁj’ﬁ]ﬂllﬁ%
o ' A dA o Y I3 @ = = A o
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3.1 gilnsainay3sms

= ax a v As = Y o [ YR~ 1 [ 4
ﬂﬁﬁﬂ’]&l1ﬂ§ﬂ\l’3‘ﬁﬂﬁwaﬁﬂ1ﬁ1iﬁmwﬁ3\lﬂ“l/lm‘ﬂfflfJﬂlluﬁWﬂzﬁﬁﬂLﬂulmﬁﬁWﬁNWHiﬁ

A

Y
Hauaunmd dsznou ludeduaouais q ae'luil

o a v

. 4. 4 v A 9oy
3.1.11h3agAvemsdainnund 1 merhwilszneugaseisneruviin e 14 14
U A o [ 9}491 @ o d 2 A Y]
Auam Insuzimunzaudmivlfaos Tauugonauiug lead lnunsiTou Ian1inaaes
1 Y
YUY 5 x 3 Factorial in Completely Randomized Design #43n159A Treatment A4
= [ I o £ [ [ o A Y]
- uilade A Wlugasemsneundn 5 gas FAasgAIIUANANAUNTEAY
Y
voaulaentiud1lenaa (0, 10, 20, 30 uag 40% lagrhwiinaa audIeL)
o I Y % o 1
-de B Wluszeznaimsndn Falumsneassinmsane 3 $eszezna
A9 14,21 1Az 28 1
Y Y
- U IMIHAUNLNNINNA 60 939 azlszanar 10 Alansy Miming
600 N lansuy
o A= = a ~
- o isneuri AN Inl 1Usaudszauna 12%, agll TDN Ussuna 45%
MMIHANDIMITHOUHUNAINGAT Aaudaalumsan 3.1 TaensussgoImisuaay
A Y ' A o e 9 Y A 4 o & ~ ~
gasnuauuad laganaiadndivina 25 x 36 17 nazdounlena INasnuiadY Feazimsty
1 o ] o a o < )
laormaeenaingalivuasaliuiu udaageldadmirluno A unsy
3.1.2 quAIRENeIMITHIUNINNATUR IMUAMINTZYZIIa1 A 14 T 21 T uaz 28
Y o w A ) a 4 4 = IJa a 4
U auaey et nsizviesndseneumanil Tagl¥isn1sansigiuuulseuin
. . £ a do 9 A . =
(Proximate analysis) (AOAC, 1990) “]N?Lﬂﬁ%ﬁ%@]gllﬁﬂﬂ&ﬂiﬂﬂ Hot air oven, Tasaunen
(Crude protein, CP) TasnTeq Kjeltec auto analyzer, Taiu (Ether extract) Ta81nT99 Soxhlet
auto, 1881841811 (Crude fiber, CF) Tn8iAT04 Fibertec auto analyzer 1azid1 (Ash) Tagmsena
a I o 1 Aa o A
gagl 550°C 1unan 3 $1Tue daumsiasizriveloTne Detergent analysis (Goering and
VA { [ Y
VanSoest, 1970) laun wolen luazareluaisazaisiilunais (Neutral detergent fiber, NDF)
A ~ 1 A 3 . . . .
wolen luazaneluaisazaendunsa (Acid detergent fiber, ADF) itag Acid detergent lignin,

ADL Tag141n504 Fibertec auto analyzer
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M3197 3.1 HaAIgRIIMITHTINTNATINIANE

gAY ons1aIu (Nansuaa)
gmﬁ 1 gmﬁ 2 gmﬁ 3 gmﬁ 4 gmﬁ 5
waendnina 42 42 42 42 42
waendudienas 0 10 20 30 40
mnudlznas 40 30 20 10 0
madies 14 14 14 14 14
mﬂﬁywna 3 3 3 3 3
8I3e 1 1 1 1 1
59U 100 100 100 100 100

3.1.2 quAl9d 1o IMIsHIIUHNAATUR MUAM Tz ezIa Av 14 U 21 T uaz 28
[ o W d' o a 4 4 =1 yas a 4
U auaay e dmsizvriesndseneumanil Taglsisnmsiasigruuuilszuna
. . &4 a (59 v A . 2
(Proximate analysis) (AOAC, 1990) Glf\‘]’JLﬂ‘JWW’JGIQLLWQIﬂEJLﬂ‘JEN Hot air oven, Tsauneu
(Crude protein, CP) Taginseq Kjeltec auto analyzer, Taafa (Ether extract) Taein509 Soxhlet
A A . Y ~
auto, 1801811811 (Crude fiber, CF) 1A81AT04 Fibertec auto analyzer 4taztn1 (Ash) Iagn1siHf
a I o 1 a o A
gungll 550°C 1lunan 3 1 Tue daumsinziiee lo 1o Detergent analysis (Goering and
A { [ Y
VanSoest, 1970) laun wolen luazareluaisazaisiiilunais (Neutral detergent fiber, NDF)
4 { 1 A &
wolen luazaneluansazarenidunsa (Acid detergent fiber, ADF) 11ag Acid detergent lignin,
ADL Tagl41aT04 Fibertec auto analyzer
Y] 1 { a 4 % a
3.1.3 MSIATNA20619N AT IZHAMNINYBI0IMITHEUNED Taaillageeinis
o ) 1 o oy o 1 I o 1 a’/‘ Aa
NONUHUN azFw 50 n5u (Hunnimin) laasluvianudlegisvuia 200 ml MInTUAY

a

g & ! o o < { g & 4
wnau 150 m- asluwaa warldidrvuirlhnu1Angumvgil 4°C iflunan 12 41 Tue Wonsy
o 2 o Y 4 o Ay Y o 1
AruanmIuhnIngesdienszaIEnsouUes SA taziiasazale e 1Uian pH, NH,-N
1A Volatile fatty acid (VFA)
a o [ J o w ' Ay ¥ ' :J'
3.1.4 midmsizimnnuunsa-an (pH) Taemsihaedieh Idennqunaasans
A = [ o w o A 9 [ 1

5 gas uazAwszeznM AN Ao 14, 21 uaz 28 Ju mwday Wiasazaienla 1 Taa pH

Tag141AT09 pH meter
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a 4 a, O'J
3.1.5 m3aaszvueyTuils Tulasau (NH,-N) Tag33n13nauaie Kjeldahl flasks 11/
aarthiuATeeliodmsundu (Micro-Kjeldahl distillation apparatus) (Japan Grassland Farming
Forage Seed Association, 1994)
a J (a o ]
3.1.6 madaneiUsnansa lviuszmede (Volatile fatty acid: acetate, butyrate (L8
lactate) 1987F Gas chromatography (GC) (Ottenstein and Bartley, 1971)
= ] Y o 9 1 =
3.1.7 msfnumsdeodatsla lunszmizyinlaen1s19ga luaeu (Nylon bag) Anun
1 Y Y 9 1 ] Y
msgooaae ld lunszimizviinlaemildgaludeu (Nylon bag) vulunszimizninuesin
11ENTEINIZ(Rumen degradability or in sacco digestibility) (Jrskov, Deb Hovell, and Mould,
o o o
1980; Drskov and McDonald, 1979) Tanznszmziilulnuumeaiioganauiug leaa laivs
v Y
1HeU (Crossbred Holstein Friesian) de1aonilszuias 87.5% 01giman 85 = 28 1oy Ui
= a [ dy L= oy Y A A @
a8 476 + 52 nlansu @eslunenas 1 a1 Niwazemisaasanal e1visnuaoniu
o YR~ 1 o a @ [ % F) o < a @
dlevdatlunraseoninsneuyin 15 Alansuaedline Ty tazeisvudusagy 3 Alaniu
AAIND I
4 a o a a
panlszaeumanil Usinansalviiuszmeld Usinavesnsalalas loedia uaznms
1 v v 1 a J a d
gogaatslunszmzrinvesemsnuminusargas Insiznanuuilslsiu Tagdmsizrian

Y ag . . a L4 ' 1 A g ag
Aanuulslsuaiens Analysis of variance (ANOVA) LAZAUATIEHANUUANANAURAIAIYIT

Duncan’s New Multiple Range Test (DMRT) Iﬂﬂi%jﬂiuﬂﬂ\lﬁu%‘i}gﬂ SAS (SAS, 1998)

3.2 HamMInaaoy
J = Y
3.2.1 asalsznoUMUnANYBIDIMITHENUHIIN
peAtlsznouMuniiveIoMmsHeUNTN MUgAT IS (305 1, 2, 3,418 5
o w o @ [ A 1 J I 4
AWAAY) LAZIZILIANNITHUN (14, 21 Uag 28 IU) ﬂ\‘lllﬁﬂqclu@'li'l\ﬂ/] 3.2 W‘]J'J’llﬂ'f]ﬁl;c]fum

o w a

4
Taguitsuesomsneuningeiued e iived Ay Neana (P<0.05) AuTZeaINIHEN (14,
@ o w : o A v oA I I o 1 (= 1
21 uaz 28 Suamud1e) Faergmsnind 14 Tu Tulesiduaiaguiediga ua lulianuuanaig
JEHINGATOIMTHOVHNN UATINTNATINTLHINDIYNININ LAZFATOINIT (P>0.05)
I 3 o 2 o A1 9 1 1
nesiFud llsauvesemsneuninuaineudanlslsiu ualinnuuanaig
P8 UTIAIAYNNADA (P<0.01) WUNUBINTHATINILHINDYMINND 1azgAI01115 1ae
A o o A = 73 o d =
WUNNLIMINLD 14 Tu Tugash 1 Inlosisud lsaugagand 17.4%
S 2 4 = 9 =\ [
nlesiFud NDF w0 Msvenuniiniaineudansilsou Taslianuuanaig

PINUNAIAYN DA T2HININTNATINILHINOWYMIHUD 1azgaI0IM3 (P<0.01) Tagh
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'
o 1

o o A4 o 73 & = I
91gM31Nn 14 3 Tugash 2 Bulesidud NDF diga dau1lesisud ADF ¥9301115He11
wiinfimaeutnaunlsdsiu Taelinnuuanavedatiiodiyniedna szrieergmswin uag
o & A o o = = -4
gAT0INITHIIUNUN (P<0.01) FINDIYNITHUN 14 TU 1uqmw 1 wae 2 Mlosi¥ua ADF
fge
Y o 1 v A 1 @ '

32AUANMTUNTA-A1 (pH) VOIDIMITHITUNID UAIIWUANANAUTEHINGAT
151NN Taegash 1 3 pH gani1gash 2,3, 4 uaz 5 (P<0.01) us uAnA1usZ1HIg
pigmsnin  UsumeseyTude lulasou NHAN)  wps011sne1umldn wuniianu
HANANRENNTITAYN DA (P<0.01) 35HINOIWMIHUD AZFATOHIT 1AsN0IYMIHID
14 waz 21 Ju lugasi 2, 3, 4 uaz 5 Bszavuey Tuile lu Tasnuimingay

3 9

Usummvoansalalasloeriin (Hydrocyanic acid) ¥930IM1sHeTDHITNINNAY

PENUNIAAYNNADA (P<0.01) 35HINDIYMIHND LASFATDINT TasNorgmIniin 14 u
d' S A Q' d?’ (% 9 A % ) (%

Tugash 5 J5ua HON  qage Tagaziivvumuszaums lsnaesniudilzvaslugas

DIMITHYIUNLN



! J %
ﬂ1§1\1‘ﬁ 3.2 04AY5ZNOUMUANVDI0MITHUHIN

JzezIa1 14 33821001 21 U 33821001 28 U SEM Pr>F

nlosidun

L, @™ gas gas gas gas gas gas gas  gas  gas  gas  gas  gas  gas  gas M gas o1y

Inguua . .

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 ain nin*gns

QU 397 385 381 410 409 411 409 415 426 429 385 418 421 435 435 173 0.0289 04089  0.9997
T)sau 174 146 144 122 152 134 123 131 120 134 132 145 116 130 127 067 00001 0.0029  0.0077
(Y 14 19 23 17 25 10 14 21 14 19 08 28 17 12 21 033 0.853 00007  0.2022
1 4.0 5.3 7.7 6.9 8.7 3.6 4.8 6.1 8.6 7.0 3.6 4.7 5.6 7.7 6.9 0.68  0.3033 0.0001 0.4678
iwole 212 207 222 255 230 201 235 240 253 26.1 234 239 238 250 257 0.84 0.0039 0.0001 0.0918
NDF 63.7 614 672 729 63,6 645 686 690 689 705 682 695 69.6 742 684 1.16  0.0007 0.0001 0.0342
ADF 252 258 276 326 268 272 306 314 324 327 30.0 308 321 328 320 1.29  0.0001 0.0003 0.3169
pH 42 40 40 41 40 42 40 40 40 39 42 40 40 40 39 006 02407 0.0001  0.9547
NH,-N 91 90 75 73 78 100 89 82 85 80 125 100 96 90 90 066 00001 00003  0.7089
(%)
HCN 195 21.0 225 240 255 11.6 145 174 202 229 9.1 109 128 146 164 1.70  0.0001 0.0066 0.9848
(ppm)

WN8L46): NDF, Neutral-detergent fiber; ADF, Acid-detergent fiber; NH,-N, Ammonia-nitrogen; HCN, Hydrocyanic acid; SEM = standard error of the mean

9¢
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3.2.2 M3UsZUAMMNINEINHUBIDIHISHENUHID

dehnamsdinasiesslszneumanaiivesemisnenumiin 9103199 3.2 11
MUIUMANEINUTLANAN ) MUAUAITVDI NRC (2001) 32 Idamdsnuveioimsveny
visin sraaaalugningi 3.3 (izﬂmmmswﬁﬂﬁ 14, 21 1A 28 U MURIAY) WU IMITHEU
wiindl DE,, Fuziimuiivediiodifyneada (p<0.05) FEMINLIWMITNNN AINTLELIAINT
yiinfiuiy dusmdanumsees'ld (DE,), ndsnuldlsz Tomila (ME,) tazamdsaugns
(NE,,) Tugasemiisnenunindawlsisiu ualinnuuandwedaliisdigniaada (P<0.05)
FEUINGATONNITHIIUNID uazii Insusiiden1dWanun (Total digestible nutrient, TDN,,) 1
AIANA9TEH IR gMIHITn Tasfienansviin 21 ez 28 Su fwesidud TDN qega ua'lii

UANNUANANTEHINGATOIITHETUNID



M131399 3.3 AUATMNNGINUYDIOHITHEHIN

nlosiud Inguits svezIa1 14 338218121 U s8zIa1 28 U SEM Pr>F
gAs @A g @A gas @Al @A gAs @A  gas @Al gAs gas  gas  gas M3 gAT  1YM3
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 MININ nain*gns
TDN (%)" 47.63 42.87 40.88 4725 41.66 52.74 5293 5147 5145 4853 52.80 52.14 5232 52.04 49.47 2.54 0.0001 0.2355 0.8974

2/

DE,, (Mcal/kg) 161 192 151 183 1.60 190 227 199 195 184 1.89 240 200 188 191 020 0.0245 0.0903 0.9850

DE, (Mcal/kg)” 169 215 175 196 181 196 233 207 202 196 195 248 207 195 201 019 0.1427 0.0456 0.9936
ME, (Mcal/kg)” 125 171 131 153 137 152 191 164 159 152 151 206 164 151 159 0.19 0.1434 0.0444 0.9926
NE,, (Mcal/kg)” 069 102 073 088 078 088 1.15 096 093 078 087 125 096 087 092 0.14 0.1458 0.0469 0.9926
NUBING): TDN (%) = tdNFC + tdCP + (tdFA x 25.25) + tdNDF — 7)

’DE,, (Mcal/kg) = ((tdNFC/100) x 4.2) + (tdNDF/100) x 4.2) x ((tdCP/100) x 5.6) + ((FA/100) x 9.4) — 0.3

*DE, (Mcal/kg) = (((TDN, —((0.18 x TDN ;) — 10.3)) x Intake)/TDN,,) x DE,

*ME, (Mcal/kg) = (1.01 x (DE,) — 0.45) + (0.0046 x (EE-3)) (N30 EE > 3%)

*ME, (Mcal/kg) = (1.01 x (DE,) — 0.45) (N30l EE < 3%)

°NE, , (Mcal/kg) = (0.703 x ME,) —0.19 (n39} EE < 3%)

°NE, , (Mcal/kg) = (0.703 x ME,) -0.19) + ((0.097 x ME,)/97) x (EE — 3), (NSQEE > 3%)

08
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3.2.3 M3UUANYUDIINQURIVOIDIHISHENLHIN

MsANEINITERARI0UDIIAYUE V010 TIMITHETUHIN 1AeIBMT 199 luaon
wudnlSinaSaquitafisesaasld amgasenins (gas 1, gas 2, gas 3, g3 4 uas gA3 S
MUY Sanaaaluansedi 3.4 finan o, 6, 12, 24 uaz 48 ¥4 01T HENUHITAT]
wefidudmsdesaasuesinguiteanasedaiifodAgmnieada (P<0.01) 321390 1gMIHITA
AWTZEZNAIMIHIN ua luilianuuanawedalited i yn1edda (P>0.05) 5¢HAINEATO NS
HAZBNTNAIINITNINDIYNINNN AT FATOINIT

11 72 uaz 96 $2Tua fimmssesdaisaguits (dgDM) fiszeznmmsiin 14
Fu gandn 21 uaz 28 Tu mwd ey ua lilianuuanavedelied Ay nieana (P>0.05)

1 %

FEUINDWYNITHNUN FATDINIT LLﬁSS‘ﬂ%‘Wﬁil’JiJiSW’J‘N@WQﬂﬁWﬂIﬂ Llﬁgq{?’]i@ﬁ’ﬂﬁWMUﬁﬁﬂ



M3197 3.4 Laasmsgosdaleinguitsveso s neTunn lunszmznain

v . 32821 14 U syezIa 21 U sezIa1 28 U Pr>F
Westdua
v gas gas gAs gas gas gas gas gas gas gas gas gas gas gas  gas  SEM eigms gas 28NS
LI
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 wiln nin*gns

0 46.1 430 447 462 416 294 267 348 40.1 404 305 353 358 358 369 324  0.0062 04127 0.7086

6 53.6 548 515 513 483 443 305 426 403 433 445 425 484 427 423 3.02 0.0017 0.7226 0.592
12 542 560 568 552 565 528 344 469 448 498 493 527 539 476 502 3.00  0.0076  0.5405 0.3595
24 642 596 624 60.6 658 530 414 535 528 555 732 571 575 530 555 381 0.0102 0.1532 0.4573
48 680 773 680 69.1 696 676 583 630 652 638 641 644 633 610 603 394 00994 09381 0.8717
72 656 80.6 799 781 747 766 589 694 741 739 677 688 682 677 665 474 0.2683 0.8945 0.5165
96 71.8 831 802 79.7 834 707 641 756 804 775 775 758 783 722 745 333 0.1600 04160 0.4275
dgl/ 553 563 542 555 544 488 344 464 454 480 489 488 524 464 478

LR "Effective degradability of dry matter; SEM = standard error of the mean

4
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3.2.4 msdeaama)isfiuvoso1msvenuwnin

wamsgosaarg11sAuve901MITHeIIHEN AINGATOINIT (05 1, gAT 2, gAT

3, 903 4 10T gA3 5 AMNEIAYD) HAIEZIAIMIHNN (14, 21 1Az 28 JuauanL) daaadly
d d ) : A 4 o 2 2
M13199 3.5 Tunai 0 uaz 24 ¥ 1ue MsdesaaslisauszanauioszeznaImsninnuIy
pgNNTed A YNINADA (P<0.05) 331190 M TN BUReINU TN 6 1az 96 T2 Tu3 &
1 = 1 =S 1 9 1 1 A 1 1 =2 o w
uaazgasinmsgesaais llsauasudianilslsiu uanunianuuanaeedalisd Ay
A0A (P<0.01) 3xMINDIYNININ UATFATOWNIHIVHNN LaZIAN 0 1AL 4 F2 T3 WU
A2 W

ANUUANAINBINNTITIAYNADA (P<0.01) T¥HINBNTNATINTEHINGIWMINTD LAz YA

113



a 1 a o o s g o
A1319N 3.5 l!ﬁﬂ\?ﬂTﬁEJfJﬂﬁaWﬂIﬂiﬁuﬂlﬂifJTﬂWi‘ﬁﬂWUWNﬂiuﬂi%!WWg‘ﬁNﬂ (Lﬂ@ilcﬁuﬁ)

C 33821301 14 U szEzIa1 21 U 33821301 28 U Pr>F
wosidua
v o AT gAT gAT gAT gAT gAT gAT @A gAs gas gas  gas  gas  gas  gas  SEM  egms 21gM3
INYUTIN (28]
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 Hain nin*gns
0 56.6 513 478 418 529 446 438 433 470 517 531 438 413 503 40.0 1.47  0.0275 0.0055 0.0005
6 60.7 537 551 474 585 495 473 477 510 555 573 473 431 528 465 1.50  0.0058 0.0082 0.0016
12 585 565 596 516 608 550 506 516 555 57.5 591 506 482 572 543 209 02275 03407  0.1224
24 67.9 62.1 638 555 643 596 549 551 603 595 645 549 556 603 564 2.00  0.0485 0.1541 0.1606
48 72.8 66.5 67.1 605 673 633 633 584 634 640 684 633 620 624 60.2 2.16  0.1069 0.1438 0.4857
72 76.7 70.1 694 662 692 663 669 644 66.1 678 707 669 651 674 650 1.92  0.1067 0.152 0.5461
96 79.6 743 738 714 722 70.1 71.5 693 693 705 730 697 680 720 703 1.36  0.0079 0.0799 0.1711
dgl/ 61.4 563 583 506 604 531 500 507 541 57.0 592 499 469 559 513

LR "Effective degradability of crude protein; SEM = standard error of the mean

¥8



. 1 o ! ~ o o 73 o
msnﬁ 3.6 L!ﬁﬂ\‘iﬂTﬁﬂﬂﬂﬁﬁWﬂ')@lquﬁjﬁLL'ﬁ%ﬂTﬁEJ?JElﬁﬁWEJI‘IJ‘iG]u"Ufoﬂ‘ﬁ'Wiﬁ'ﬂWUWNﬂiuﬂi%LWWgﬁNﬂ (Lﬂ@ﬁlcﬁuﬁ)

Disappearance (%)

szezIal 14

szezIal 21

sTazIal 28 1Y

gas1 gas2 gas3 gas4  gass gasl gas2 gas3  gas4 gass gasl gas2 gas3  gas4  gass
DM degradability (%)
N 470 482 482 475 455 390 230 390 354 403 211 405 397 420 430
5 228 438 419 423 395 378 447 485 608 496 501 380 418 468  42.9
o 0.046 0018 0016 0016 0023 0028 0026 0014 0014 0015 0093 0022 0015 0011 0019
Asp 698 920 90. 898 850 768 677 876 962 8.9 712 785 815 888 859
Effective Dissppearance (% 553 563 552 45 544 488 344 464 454 480 489 488 464 478 51O
CP degradability (%)
A 559 514 535 463 570 470 444 472 484 542 542 437 376 530 469
5 282 270 213 443 172 236 344 526 210 291 199 302 308 432 318
o 0019 0018 0023 0008 0020 0028 0016 0006 0030 0009 0027 0021 0035 0006 0.013
Asp 841 784 748 906 742 706 788 998 694 833 741 739 684 962 787
Effective Disappearance (%)* 614 563 583 506 604 531 00 307 54l 5700592 499 409 559 513

e "A = Water soluble extracted by cold water rinsing (0 hr bag), "B= Degradability of water insoluble, ¥ = Rate constant (fraction/hr), *A + B = Potential degradability

and "~ Outflow rate (fraction/hr) = 0.05

¢8
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3.2.5 U3nas VFAs Tuerrisvienuwsin
U3 VFAs Tueoriisnenumiin aquaaslumsnan 3.7 wudnlsuna Lactate 3
ANUUANANAUIZHINDIYNTHIN (P<0.01) TAsNo1gMInIN 14 Ju UUTW Lactate 9
Nga ua LilaNuuanANAUTEHINGATEIMITHIUNIN UTHal Acetate  TAWUANAT
' &7 A &7 [ o I a c‘ =
FENINeIMININ (P<0.01) Tagorgnisniin 14 Ju M lilTua Acetate drga nas Tul
AMUUANANTEUINGATOIMITHOIHNN YT Butyric acid Tagnuiuiloszezinaimsvinn

14 5% linunsiAa Butyric acid HAdE NV sTozIAIMINN 21 tag 28 Ju



a A o ’ 3 Jo ]
A1919N 3.7 L!ﬁﬂ\‘lﬂiMTﬂl VFAs Glu@ﬂ’ﬂ'ﬂ"iiﬂﬂﬁhﬂ (Lﬂﬂil‘ﬂfuﬂ’)ﬁi}t!ﬂi)

[

wlestdun sy 14 szazn 21 u sz 28
aguds  gas gas  gAs gAs gA3 gAs gA3 gAs gA3  gaAs g@as gas gas  gas  gnas 213
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 Win*gas
Lactate  4.56  4.60 451 462 446 412 405 3.87 424 401 374 347 328 374 3.57 0.9724
Acetate 274 247 231 279 321 235 299 355 357 326 348 364 395 414 378 0.2891
Butyrate  nil  nil  nil  nil  nil 063 062 nil  nil  nil 095 071 073 082 il

UL SEM = Standard error of the mean, Nil = Nothing or zero

L8
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a J
3.3 31TUNANIINANDI
d = Y
3.3.1 99A1l5zNOUMUAN YO0 111 HEN UKD
4 % 3
MINMIANYI09AY5ZNOUMUATIVOIOIMITHINHNN NI 5 gas uazTzezIa
o o o = ' o 73 Jdo Y
MInIn (14, 21 uaz 28 ) awuaaaluasnd 3.2 wunennsneurininlesisud aguite
' 4 1 b4 1
MU NN IAYNNADA (P<0.05) 52111991gNITHIN 10N 52o2IAMIHINUIUAY &9
4 o % 4 @ '
NMIANYIVDA McDonald, Henderson, and Heron (1991) Lﬁ’e)‘l/l”lﬂ”li‘l’iuﬂﬁﬂil}illit’l 63 U NUN
L d v Y A d? A Y d? A =] = dy
Wofsuaiaguid unugalu WeszeznaIM sl nuuIY esnimsgydonnuduias
1 A a d? v A 09/’ A 9 = L] o Y [ 1 []
nIAAN 9 MeTuINnTzUIUMIHID Bnnadaend Tnalinnuihugeaildmsoaunila
a0 d' =K A dy C% a = dy Y
Anaas Junamsszueanuumeluesreumlin wazimamsgadonnuiula dau

a 1

I 4 a A 9 1 [l 1 AA [ Y]
L‘]JE)'D'!,GlfuﬁIﬂﬁ@luﬂ\lﬂWﬂﬂuﬂlN!Lﬂiﬂﬁ’Juiullﬂﬁ%@:@ﬁ HANUITUDNTNATINTSHINDIYNITUUN

oA o o =t =1 S I 4 = ~
wazgas (P<0.01) Tagwul1neorgnisnin 14 Ju lugasn 1 vlesisuallsauganga
A A A o o [ =3 £ 4 =
e lugasn 1 aziaiulszneuveamniud e naigada 40% Feensznoumaunll
Y o [ S 3 4 1 o o [ 4 o
yoamniudnlznaslinlondua lusAngeninlundoniudilzvas iorhunlseneugas
v &R o Y A =\ S I o = 1 9 v A dgi
prnsreuninIei ligasi 1 dulesisua llsdugeanild nagszoznaimsndniuuau g
Aa 4 o 1 o S 3 o
aunsdazaaaTisauinldimsiaseuenTutsesnuiuin e ldlesidud lisAuanas
a @ 4 I a
Tagifinanmsaalsaivegse Tagonlel Urcase  Huneuluilo nazifanisgade
A0ANADINUNITIIBIUYDY Catchpooled  (1962) Wy niethwmangnuuauviingi1 17
- L4 =) A )=} [ Y Aa 1 %] I Aa a
nlesidua lilsauanas lomMeunuraNFNUUana UKD 4 1ng 1N 1ZUNINTIVYDIYA
d o LY a 1 a
un3d Ml Tlsauaarsdr Sunamsdandlassuen TuiisesnunlSunamn
S 3 o o 1 A 9 S 3 J 9
wefidud luiulusmsnnunminuaazgasiisneudnaulslsi wagilesidudii

o w a

Tuuaazgasinnuuanased 1 iisdAyNI9ada (P<0.01) 3zMINGATOIMTHEDHNN Y

4
@ =2

9 = o o [ d' Q' o 4 =
syaums lsasniudilevasnmivvuluervisverunun msizlusenisneumanives

v A

A o o L] % 9 1 o o @ A o
!ﬂa@ﬂﬂuﬁ’lﬂg‘ﬁaﬂ mﬂa‘iwusﬂmnu Ltammqﬁmﬂumﬂuumﬂswm LiJ’f]u'liJ'l°]J5$ﬂ’f]'UﬁIGI§'

o 2 o Y1 Ay vy 1 Y 1 1 I 3 J 1A
psnerunindai ldanlduandwiuluuaazgas dauvesilosidud NDF - wudil
INTNAIINIEHINDWYMINUNUATYAT (P<0.01) TAaawuNe1gn1svun 14 4 lugasn 2 1

I < J o 1A . a 9 1
Jos1suA NDF drgauanadniiaiuilsznonved Hemicelluloses 1uil5uainenimngasves

o % 1 ' 09/’ Y a @ I 3 4
DINMITHINVNUD gﬂ%%ﬁ?ﬂ"liﬂﬂﬂﬂﬁa"lﬂllﬁ\ﬂﬂ Nate19nAINszAUvYe Ul o5IFUA NDF

(7

Fagav lugunull iesninlugasermsnerundneg ldnldondudizvas 10% naz mngu

Q

o @ o <3 { ' < v
d11lznas 30% Seiliilesiiud NDF  mngauiige daulesidud ADF nuiilinnu

HANAINTENINBIYNTHID Lazgas (P<0.01) TasNe1gn1svln 14 3 Tugash 1 uaz 2 1
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I3 J ° ' 1 . . a 9 1
1/osisua ADF fga !,Lﬁm’ﬂﬁﬁauﬂi:ﬂaumm Cellulose 4a1¢ Lignin ﬂimmuaﬂmmﬂqm

] T Y A :/l dy A A A
Ll'ﬁ]gT;T'liJ'liﬂEJE]flﬁﬁWfJnlﬂ\ﬂfﬂ/If‘;fﬂ mummummmﬂiuqmm 1uag 2 Nﬁ?uﬂigﬁﬂ@ﬂﬂ]@ﬂ

A & o v A [ o w d! A A 9 Y d‘
naeniudilerdanszdu o waz 10% mwddy Salsnadeslugasemsveruninie

=

~ [ A A A o ° o J 3 J 1 % ° [ A
MyUNUFATOU esnmlaeniudidevaslosisua ADF qamﬂumﬂuumﬂwm o

o o @ @ { g < ) < J 4 1 I
Iduldoniudnlzuacluszaungeunsgshldtinlosidud ADF geiudie ad19lsnamey

P4 4 4
= = [

v v A o Y Y] A ~ ] 4 Y ~
Msniindalmaii1iszAu NDF 1oy ADF gauu iatioiaiioannainmsiilesiduainguian
v Y Y
MinIuaeIgmsniin e liinannuiwgelidauves NDF 1az ADF geiuaiuszezns
@ [ 3 [ Y] 1 [ 1
nifndne 52aUANMYUNTA-A1 (pH)  TUOIMITHENUHIN WUNTANULANAINTEHIN
N30 IMIHETUNNN (P<0.01) Taagas 1 U5zl pH ganNgash 2, 3, 4 ag 5 MuaIaL ua
Y Y [l 1
linuanuuanaesynineegnsuin Neflernieannnuraindsnuainas lulamsan
v A 9 P A A da (A ° Y a
azanglueimisnenunin NgnldszTewi Tasgaunianilsnaanas M lninanisyzasns
a a A IR o Y d? 1 < A o 1 (] 4
HaANTAvEIgaUNI IR A pH  geliu e lsnawiiaipH  asnateglumnum
A 9 % = = Y] d o ~ 4 o
WATTINAING AOUANINUNYUNINAAITY pH Yseunal 4.2 (@dus 1iaf3, 2540) doandodny

d' v 9 v AaA =
318914U09 Kung and Shaver (2001) 191917 IwaninNaa5l pH Uszanas 3.7-4.2 nagns
Usziiugunwnaminues Gordon (2003) AaimwnaMinia pH liAasiAu 4.2 uazd pH
Uszana 4.5 vghmdnlaunmiluna ¥381 pH ¥9901115MINAAAINTT 4.2 NTZVIUNS
v a 42’ Y L] 4 ] 1Y d' o Y a =4 a ] AAa L] Y
winazinadulaedsanysal ogluszauiiilngaunidnnaialiainisoliziaegla
= [ Aaaa 4 a d ] a Y [ .
yaziganulnseveaeu lainnyian iawsoma 1daunu (Skerman and Riveros, 1990)
4 ' I 1 o
%4 Yang, Huang, T. Chang, Cheng, and C. T. Chang (2004) 5189143180913 Inauaagaeii
9 v A A a a 9 09: 49’ A Y =
Tdo1vsudndl pH  asawuaziulsuiansavanda la nelieraioswwininda Inail
' 4 ! 09; ' o Y ) [
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TuTasou ldiiveu Tt TuTasnugaiiu uaasnfiergnisviin 28 Julvzlidsuaves
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I 9
NIZINIZHINYod TAIzNIzNg nuduleliszeznaieglunszmizniinuudy onsimsdos
o A d? ~ o Y = J 2 4 '
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4 =] a % 9 v A A @
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denadadunranasnuinszvanuudsdsiunmeana 1ae75 Analysis of variance 1ag
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A199 AU ndesizesdlszaeumanil nudulesidudiaquits  nlefidudllsAu
wodidud luifu nledifudmdn uazlosiduditels ufinnuuanediiteddymeada
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L‘]J’E]i!,c]fu@] NDF 3A213ana 1908190 dad e ‘V]N’ﬁﬂ@ (P<0.05) meaﬂwamimammﬂ



44

] S < 4 a1 9 1 < o J 3 4
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19191 4.1 !!ﬁﬂ&@x‘iﬂ1]‘53ﬂE)‘]J‘VIN!ﬂ%JGIJFNEH?’i15ﬂﬂ1ﬂﬂuﬂ‘¥lu!ﬂaﬂﬂ umﬂzﬁmgﬂmmm

(% t4

[ (Y J J
WAINHMNTZEZIAIMSNUSHE (!ﬂﬁ)i!cﬁuﬂ ﬂi;l!!'i’iﬁ)

JLYTIIM DM Cp Fat Ash CF NDF ADF pH NH,-N (%)

be

PoUN 1 52 127 198 759 122 338" 179" 445" 75"
foUn 2 499 126 206 857 143 384" 222° 467" 84"

b

PoUn 3 524 124 191 776 132 308° 17.6° 445" 8.5

a ab

9.1

C

PoUN 4 50.8 12.8 1.94 9.05 13.9 342" 212° 523

a

PoUn 5 489 122 219 925 130 357" 230° 5.06° 9.3

Houn 6 499 125 212 957 126 369" 233° 504" 9.4°
SEM 191 0504 0.197 0829 0925 1.905 1.102 0.169 0.61
Pr>F 04100 0.8916 0.7015 0.1409 02694 0.0143 0.0001 0.0004  0.0029

452 szavvesnnuiunsa — aa (pH) vesnsHenUINNNAenHE 1Y
WupraanaanumuszaznamsiusSnn
Y I~ 1 Y d‘d A @ o YR~ 1
52AUVIANNITUNTA — A9 VB9 IHITHENUHI ANUaenT U rauiluuviag
o a3 @ 3 { [ @
WAL NUTZEZNAMINVSIE 1WUTZELIAT 6 ADUMUATIIIN 4.1 NUINTLAVVDIANY
3| 1 ] [ 1 @ o w aa 1
WunTa - ANVBINIMITHIUNITNTANNLANANRINNTdIAYNINada (P<0.01) Taeh
v Ax 3 o A A A =\ o I
1MITHENUNNNNUTLHLNIAINMSNUSAYI 1 1ADU 2 1ADY 1AL 3 AU UTTALVDIANULIY
[ 1 [ ] @ { < [
N30 — ANDYIZHIN 4.45 — 4.67 AIUOIMITHOUNINNNTZHNIAIMINVINE 4 1ADY 5 1HOU

@ < J v '
iag 6 Lﬁﬂu NszavvosnNudunsa — ANDYITHIN 5.04 - 5.23

4.5.3 U331N01 VFAs 1890111501413 HENUHNDAINI 282N SN

a % 3 o 1<
UTua VFAs 409011150 1M1THETUHNN AINT2eznaImanuiny iuszezna 6
A Y d' 1 a =\ 1 1 A v o W aa
wou uaas 3 lumsnei 42 wudnlsuna lactate  Ianuuanaedeliisdnynieana
(P<0.01) uawansnanmnoutwlslsiu Taodoun 2 HuSuat lactate driga (16.22

g/kgDM) Haziaoui 5 J1/5u10 lactate gaiiga (37.36 g/kgDM) au3ua acetate AW
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[ an

uANANEI NN IAYNINaDa (P<0.05)  uaAraasnainIneudalsUsrugsudeny

=]

YT lactate TagAo U< 2 V151101 acetate A1NgA (10.06 g/kgDM) taz5uas butyrate I

ANVUANAINOEN NaAnA (P<0.05) Tavdoud 4 U151 butyrate gafiga (4.90

b))
e
Py
Do
—
2

g/kgDM)

M3197 4.2 taaSana VFAs 49909 111501DHIN MuszaznaImsinusn (g/kgDM)

JLYLIN Lactate Acetate Butyrate
PoUN 1 23.23" 11.24°¢ 1.97°
RoUN 2 16.22° 10.06°¢ 2.56"
A ~ be abc b
PoUN 3 24.06 14.79 3.16
PouN 4 32.20" 17.77° 490"
A ~ a ab b
PoUN 5 37.36 16.88 2.41
A A be be b
PoUN 6 23.11 12.59 2.35
SEM 4.74 2.14 0.82
Pr>F 0.0047 0.0103 0.0269

d
4.6 INTAUNANMINARDY
d Y [
ﬂ\‘]ﬂﬂﬁ%ﬂﬂ‘lJ‘VI‘N!ﬂﬁm@Q@‘IﬂTiﬂU‘IUﬂNﬂ MAUTZEZIMSIAVIHEN

= 4 =\ o 1 S I3 v Y (=
NNMIANEIDIALTZNOUMUANVDIDIMITHETUHND WU lﬂ@ﬁl“ﬁu@]jﬂqququﬂ

A v o W a S o

1 1 a 1 a < 4
ANUUANA NI NUUITIAUN A DA LLﬂﬁﬂﬁNWﬂ!aﬂaﬂlaﬂﬁ@ﬂ Lﬁaﬁigﬂgnmmsm‘umm

Y [

ng 1 { % a o J
HIU mumﬁauﬁ 1 - 6 “dﬁﬂﬁ@ﬂﬂﬁ@\iﬂﬂﬂ'lﬁﬂﬂﬁﬂ\‘l‘llﬂﬂ A5TNa WUNWAY Lagaie (2541),

Y

Lopez et al. (1970) 1Az W3%e 2070 Lazame (2540) Tasfinsanavelsmminguitaves
91115 D1UNAVINNTZUIUMSHITNVRIMDATIZ o010 1AANIN acrobic  fermentation LAY
. . L a Ay P g , o Ay ¥ A
anaerobic fermentation F49aun3d19m15 10 lamsmduuvamdsaui lanane g iiens
a A A o a aJ = ) Y a g Y = 4 v
pIau T taziydiuvedgaunsd  Irnaimldlsunadaguiisanad Gaaeanaedny

A ' o Aa a 4 a o a Yo ]
T8 UUDN Frame (1994) NNUNNTISUIUNITHUNNA LlaglﬂﬂEUUﬁ’Juuﬁ]z“ﬂ'ﬁi%j@ﬂqllﬁqqﬂ

% o o

J 2 Jd 1 J 3 o = A 1 v A o
3 — 5 wesigud alesidua ldsauluemsvenuniin lufianuuanaisedieiitoddny
an 1 AN YA @ J 3 o = ° Ao P o lez dy
nana uawah ladszauveudosigud lsaudinndwan nouiinsnaass Nidion

4
= ~

a ~ [ 1 12 < J J o Y
avninmynaassiigsailudiulsznevegne 2 nlesiiua nazeulwl urease 991119 urea

U

v o =~ a = o
uandniunenTudl uazerwnamsgade luTaswunnmsszmevewonTuiisTuyuzou
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% Y XK

o 1 A d 3 4 = a2 A d? A o dgj
aedraionosiduainguits FaeuTuilsszlidsmugeliuioszoznaimsninuiuiu
1 [l [ ana o ] 1 1% o, 4
uez 1UHANUIANAINIADA ¥a1INTZEZNANM UL 3 Flarrian]i) (McDonald
% -2 $ H H d 1
et al, 1991) HaapandeanumMInaaodn 2 luunn 5 uaz lduaaa 1A luarsian 5.2 azwiulan
S 3 o s ~ o [ ~ & oA =
osidud lsAu Nszeznamnin 14 Juvesgasn 5 Flidiulsznonvesgse 2
I d A S I o =1 A a Y] dgl I Y] o o
nlesidud inlesidud lsAuanauieliszaznaimsninuuawdlu 21 tag 28 Suamudisy
s 3 2 ' -4 o A 1A ' VoA
(15.5, 150 waz 13.9 wosidud) arulesidud lvdiu uazidels lulianuuandisediall

v o w aa VA I { o 1
wedwgmeada Taemn Idilu ldaugasomsidmu lineumsnaass

d E4
=3

1 [ ] v o w aa 1 s 3 Jd a
1§l NDF Uanuuanagedniitiodidyniadd Taewud1 NDF Unlosisuaimiuay
) Y ¥

eliszozna1mMIninuInly Fa3a i uI1891U09 AT INGTUNMNTUBY LaTANE

' Y a A ) ¥ A P-4 A
(2536) WU NDF  ao9vaFnuuailoniunsviinudd azlilosidua NDF - anaile

= ~ o 1 o I 1 I 1 £ ) 4 1
lSsuReunuAsUNNN 101N 1IN NDF 1T ua i uviauodsiiusan Iusering

o a  ad ] ' < a a =2 o q ¥ -
NIZUIUMININ 9aunTozls NDF - drunilalumsniaaule 9aildulesidud NDF

Q

1 o 1 < 2 4 = 1 1 A v o W an
ANAITTNINNTZVIUNITHUN AIU)o51FUA ADF - UANUUANANBINNTIAIAYN1aDa
~ =\ S 3 4 dgl A Y d? Y 9 Y] a
Tasf ADF o diudgay iWolszoznamMsninuuiy lHnadoanaaany aeau ues
To@ uazAme (2536), Ely et al. (1981) 1@ Chauhan and Kakkar (1981) &9WU731 ADF
a a % 1 I
Usznouaie tvaglaa uazdniu edeslavin naznldendn Inaillunanasslanie
A a 1 ] <3 A = J 3 4 d? @ 1 ~
msnuashi ADF Tudlsumge udedialsnaw msi ADF Tulesigudgeiu da'ladun
[N a ~ S I Jd v Y [ % =K A o Y
NIVUUFA 9191AA1NNI NIV BT IFUATAYUHIAAAIN1IHAIINNITHUN VINKATIN¥
- Aa my 4L
osisua ADF AAAT1zH lageiu
szavvesn N PunIa — Ma (pH) Y901 M1THENDHIN MNIZEZIAMIHUSHE

@ 3| 1 @ J 1 @ o w

sgauaNMUIluNTa — A1 (pH) V0I01MITHEUNINN UANNLANA N NITad ALY

aa d' A d' A d‘ 4! 9 [ = a o 4

N9E0a lunoun 1 — 3 HasAUN 4 — 6 WIADANADINUNITNAADIVIIITWA WHUNNAIU
Y= 3 o 9 A @ a =

uagaue (2541) llﬂﬁﬂ‘]eﬂﬂﬁ!ﬂ‘U5ﬂHTﬁillu1!,1!Lﬂﬂﬁﬂﬂﬂiﬂ@ﬂwa1ﬁﬁﬂlﬂu5$fJ%L’JEH 7 190U

1 ) v A o ' v 1 A ~ = A~
WU HUMUNUTEALU pH (N1NU 3.2 — 4.0 Tugraoun 1 — 4 uag 42 -43 Twaeun 5-7

'
CY I3

o & 4 ' o ? = ] @
matlonaiiosnnuraanasnunnms lu lawsniiazareluomsviin fgnldss Teani Tagy
A A <3| A A

4
a A J. a o a a a J 2
aunsoNdsunanas ﬂWiﬁLﬂﬂﬂTi“b’ﬁ@ﬂTﬁNﬁ@lﬂiﬂﬂlﬂﬁﬂﬁu‘ﬂ‘iﬂ ﬂﬂﬂﬁﬂWﬂLﬂutﬂﬁNW%Wﬂgﬁﬂﬂ

1 o J aa 1 o a ~ J
ﬁag“lummmm uaﬂi]1ﬂﬁquﬂnmmﬂf{anmﬂﬁwam@mimmumamauma Bolsen et

U

al. (WWW, 2009b) 1@¥n13naanawiin alfalfa Hgaunigil 60 eemuusu'lad uag 90 eemh

[ a

4 A J o ° A [ a
Liuhlﬁl@ NUINNTEAUYUKDN 90 ’E)\iﬁﬂ/\h!iuhlﬁlﬂ fl'i%@’ﬂ pH AINIINNITAVYUNIY 60 GRGANLR

Q U

4 ~ dy A o a [} A a = A
Lﬁuulﬁfﬂ 1azNMINAae luuNM 4 4 SUAUHUMS TUFINADU FINIAN W.A. 2553 D9 1ADU

uNTIAN WAL 2554 Falugnszeznaimsninnoui 4 — 6 szeglurngarunvesyma

o da

Ine Fegarigisziinanemsianu uazniyauIavesaunsdnnannia
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15381 VFAs 4990 1415HENUHND MNTZAZ0IMINUSNY
9
MINMINAABINUINTUIN lactate 11AZ acetate VUTMIUFIUUANTZHZIAINMTHIN
A9ANABINUNITNAABIUD Sheperd et al. (1995) HINTNAROININN alfalfa Yuiio1g 177 Ju
Y v v
WU TZAUVA lactate FIVUAMWIZOZIIAT LA INKANITNARDINLAAS 1A TuA15199 4.2 Wyt
NILEZIAMINININADUN 6 VTV lactate ANAI ADANADINUMINAADIVDY Sebastian
o o 9 [/ 1 1] ] o
et al. (1996) 11M5H3InU1I Ina Tasuiadlugieszeziandly 0 — 42 3 42 — 138 3 uag 138
' Y
— 202 T WUITUY lactate INNGITUNNFINIAINTHIN uATUFIE 138 — 202 T lactate ]
a 3 dy A ) =\ o 9 o d? KX a = a A J
YSaanas Matliesnnldsnadadluind Inaningavy unamsgaasnsadunsdly
91 Inandn m1zau150 1% lactic 1oL acetate 19 (Lindgren et al, 1985) Tua iUV acetate
v Y
AREAUNAYDY lactate INNITNAABIVDY Sheperd et al. (1995) acetate tVNTU 1UFI9THZ1IAN
v A o P 4 /I A
MIHINN 51 U Uszua 1.8 — 4.7 nlossua uazanaslseuia 3.5 wlosisua Nszeznan
MINN 177 1 uazl5ua butyrate 9100151990 4.2 wunlu@oui 4 HU5ua butyrate g9
~ A ~ v A s o YA 9 = o Y a A
figa loannmsuziussgomsinnamsanaia hlvliemend i GnailduuaiiGe

I b4
WA butyrate 11N1IWAA butyrate IV

4.7 a3

d @ ] U
291U 5ZNOUMUANVDIDIMITHIUHENANT LI | — 6 Lﬁﬁ]u ”luﬁmmummq

' v
T

I A v o w 1 J o A A I 3 J o Yo Pl 1
pgnditedinn ualesigua ldsauiilesiduddiniinlasiuia lineunisnaaes dau

Y
1 [ v o w 1 < @ [
NDF ttag ADF finnuuanasednaiitiod A Taeliagaiiuaiussoznaimsnusne od19ls

E1)

< [ 1 1 o { o 1 [ I~ 1
Aauraaanaed lussAuNmzana Iy NRC (1988) tugiil taszaunnuilunsa — a1g I

9 Il
1 = A

<3 [ dgl 1 a @ ya A [ 9
ATFIVULNDISILLIAINTNUINEIUIUYY ﬁ’Ju‘ﬂiiﬂmﬂiﬂvlellilu‘izmElvlﬂiJﬂiﬂJWﬂ!ﬂﬁ)u"llN

1 % 1 I i a )
Ll'llﬁﬂﬁ')ubluuﬁigﬂgna'lﬂ'ﬁﬁilﬂ ElEJN”liﬂﬁmLﬁ’é)w%13m1ﬂ151ﬁﬂzlluuﬁﬂﬁuﬂmﬂ1wa1ﬁ1ﬁ

Y
%

@ %~ 1 Y Y Y 3 3 o %
ne1UNUN G?Wﬂmuuagiuammﬁamum 6 Lﬁﬂu ANUUNITINUINHIDIUITHITUHIUN

Yy v
o 9

I~ vy ¥ 1y 1 A 1A a ~q
mmimﬂu"lﬂﬂmu "luuazm’n 61ADU ‘1/]\‘11!15]’6]\‘1hlllllﬂﬁﬂﬂﬂlWﬂm@ﬂﬂW%u%ﬂi%iuﬂWiUiiic].



UNn 5
= £% :;d ) U o Y v U
msﬂﬂmwammmmimmwufmmJaﬂnuumﬂzﬁmzﬂmmmwmam

fFvsulauy

¢ =
5.1 gUnsaiazIsms
= v Aa A o ) v 1 [ o
MIANINAVDIDIMITHANUML NN denuud)zvaatuuvaanasdmsulauy Iae
1Y) o o % ]
1 Taungnreauiiug leaa lainSi3ou (Crossbred Holstein Friesian) 0gluszozAuvons 19
U (Early lactation)
5.1.1 1113 NAADY
[ A @ d‘d A Y o [V~ 1 @ d' té
AAaenNe1IsHeNUNNANaeniud 1z vaa il uuraInaInuINUNNA 3 F9
% A % o % d‘ o = Q' =) d! U A
seavvealaeniudnleydd 30% (gasn 4) uazIMIANYUNLDNHTINGUNITNAADI AD
o 1 1 o o [ Y] o [ YR~ U
psrewiny lilnldeniiudilzvdclugasens Taeldniniudilzvduiuunds
[ ) % 9 % VA ydy =l o w A A 9
wasnuumy nmmsrinaeluvgurginune Iname ls@s Insaun ihiagaunlslu
uaazNqUMINAaod autaadlumsnan 5.1 vin luvauuriin Tasliszeznar lumsvdnuiu
(% (% o % o dy = Y Y [
14 Y4 ¥a9nasUMMuaauszeznamIvinausoii ldeaIasaunld Tasldsruny

'
a a

v Yy & A a o Y a Yy o ~
M3 lvevsvu Falstatazdnaaunlyluminane1mistu aaaadlunisian 5.2

Q

ms19fl 5.1 uaasyia Usua uazsimvesiagaun s luemsweruwinlunmsnaaes

%

Y d‘d A
91 srenunaInNlasniu

YA 31AINQAY ' . .
—_ . _ . NENAIUAN f)zriae
/100 Alansa dlansu/aun
0% 30%
9 o
1 Inanin 1.60 100 - -
nlaendIne - - 42 42
nlaeniudnlzvas 0.15 - 0 30
MaNUdI)erag 0.05 - 40 10
mnles 3.80 - 14 14
NnIaa 6.00 - 3 3
gise 17.00 - 1 1
WINQAL 100 100 100

SAWAUNU/DM 160 90 93
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A A a o a Aq Y 9
M13190 5.2 L!,ﬁﬂwummzﬂimmﬂlmchﬂ‘U‘i/lclslflummiﬂlu

QA 3100 Nansu (ﬁmﬁnaﬂ)
Hudinlzvas 4.00
mnudIzvas 14.99
3190U 13.99
mmiaa 8.00
mmhduiiieu 25.99
Srafiaringiy 6.00
mnimMaes 12.00
ﬂaguﬂgmu (Corn gluten) 2.00
i 10.00
lansiu 0.02
gi3y 2.00
Premix 0.50
13519 0.50
asuAInaY 0.02
59U 100.00

5.1.2 LNUMINAADILAZMIIANS 170N
INUNUNTNAADAULIY Randomized Complete Block Design (RCBD) mi%ﬂﬂfjll
TauwTasmsudon (Block) #red 1 fudiliuy (Day in milk)  Taesalauugnnam
TeaalaaiiFou luszozduvesmsliuy S1uau 24 @ wiseenidlu 3 ngumsnaass Tag

naasnaauaveInguInsauy daaadluasiem 5.3
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d' vAa 1 = d‘ 9
M3197 5.3 uaasnaauiavesngu Insauunlslumsnaass

%} 4'4 A Y} o (Y]
- . grsvienuvdnNNlaeniua e vias
Jgayiosn nqum‘uﬂu
0% 0%
suaiuy (A Tansu/An) 15.00 £ 2.13 15.00 + 1.78 15.00 + 2.81
s2ezaIMs iUy () 134.80 + 54.15 139.00 = 53.96 135.90 + 51.63
1ninaa (Nlansw) 384.40 + 68.27 379.40 + 98.40 375.50 £ 56.17
1 (101) 61.5+18.2 643 +16.8 58.6+19.1

A

1 q' 1 1 9 @ 1 d' Yo @ d'd
weig: mindaieglugil Mean = SD, nquaduqu (11 Tnaniin), ngui ldsuesveuwiniin/aen

)

udlznas 0% nazngui lasuemmsvenumiinitinldeniudlzywas 30%

(% Y] 1

v 9
Tauunndlgninegluaenimen tondmiuldirlnnuaasanal lunisnaaes

G R

9 E4
@ o 9

4 [ < [
aseihmInaue iy 1 gas Arenieoawauemsuazoaiae1ms lumslieomsnuln
I o 1 3

upazliiusied Taesreermsuendue 139U (Concentrate) 1AZD1HI5HENY (Roughage)
Temsvuiuiu 8 nlansusedlnedu 1 Tuaz 3 11a1 Ao 191 06.00 W 10.00 . LAZ 16.00

9 ] a o o w ' Yo
w. Wownsdwilu 3, 2 uaz 3 Alaniu mwdwy Tagnnngumsnaaedaz 1A5 001115

Y
o J U a o @ @ I

WinAunguMInaaed feliemsnerunguay 16 nlansu (Tuag 2 A5 Hwazdy) Tunn

Fuaaeaminaaedlag Iaunluuaaznguaz Idsuomsnenuminaugasoms

< a % 1
5.1.3 Manudoyauay Tz ideds
A o 1 ] Y o 9 Y
NN TN IAUUMIUNUUNUNITNABDIATIMT 1H0111T taglrizazia
v o o o Ed 1 < I ) § 1
Tumsdiudrdaineasslszina 1 dded vazsremanudeyailuszezinal 30 Ju Faus
I ' ] [ = o R 3 9 1 o dy
paniTlu 6 ¥9MINAADY ¥z 5 U Taslmstiunnuazinudoyanien il
- YSnamsnuld
) o K a Aa = I @ 1 1 a
FaazunnUT e mIsnus WO UNVAI0619011HITNOUNULAY
v A I % o <} a ) o 1 <3 v A T W Jas a o
wasnudusieda imanumsnulann q 5 Tu (quinu 2 Tudedeny) Taeldisnmsinsed
. . & a o Y A .
uuulseu (Proximate analysis) (AOAC, 1990) cmamiwmﬂq!,mﬂﬂﬂmsm Hot air oven,
Tals@uveny (Crude protein, CP) TanTeq Kjeltec auto analyzer, Taafas (Ether extract) Tag
1A384 Soxhlet auto, 1891831811 (Crude fiber, CF) 1A8iAT04 Fibertec auto analyzer 1azid1 (Ash)
1 a I M 1 a o A
Tagmawnigugil 550°C Huna13 2 1ua daun1s3as1zniveloTay Detergent  analysis
1A { [ {3
(Goering and VanSoest, 1970) laun o lon liazarsluansazarefiiunaia (Neutral detergent
A A ] A J . .

fiber, NDF) wolen lwazareluaisazarsnilunsa (Acid detergent fiber, ADF) i Acid

detergent lignin, (ADL) Tae141nT04 Fibertec auto analyzer
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a g’ 4 g’
-Jsmaniuazesntsznoviiuu
Y
wimstuinmsldwandaiiiuuveslauunniunasaszozinalved
1 < @ ' oy a o o 1 < v a 1w 1
MINAADY UAZTUINUAIBIININUVADTIBAINN ) 5 T (uiNy 2 Juaadeny) Taguuauilu
g ! Y o a Y, A a ¢ & - J o
wuugy vaz ¥ad Ml msgidaniediinszriesnlseneumanivesiiug (i
=\ < ] o I [
un TusAuuy uanTaa vowdansos luiiu uag veuiesamuluu) (Milkoscan Ju S50) 1A
Y
WnmuIaaIueas1d@Iulsuaii
Y
- MIIAIHUNAD
o Q‘J Oy % % 1 (%3 (%3 QBJ} 1
MNIFUNNTNAINDU HAZHAINITNAADIVDI TAUNNNAD 119 3 NGV
o oy o Y A M) 1 9 [ = <3
5NAADY 1AgFIINITNAIBATOITS IUYIVFINAIINTAUNEAST Y
v
- MIANEIAUNWIIUNAL
Y v
WunavInmMsnaassluiui 0, 10, 20 ag 30 U VOINITNADDY
] a L4 o a 4 A, .
unmmswwmmmuﬂauﬂ?ﬂﬁm (Standard plate count, SPC) ANITVDI Houghtby, Maturin,
. v o a 2 d J . an
and Koenig (1992) mnuummugaumaﬂquTﬂ"lawmu (Coliform count) MUITUDI
Christen, Davidson, McAllister, and Roth (1992) ﬂwsmﬁﬂuﬁmmmm%ﬁuug (Methylene blue
9
test) ttaz5uae 15 1o lveuunludrea1a1iuuay @ 1u35ve9 Cosby and Sumner (1945)

v
v A

9 a a U a :j s g’ oy o
JoyalFunamsiula  dSwanhusuazesdszaovvenimy  shiindai
wasuulas anudesnandsnuuaz Tsau tazndsnuuaz saunldsuainenins ala
a 4 an a g Y an . .
namMsnaaed ldinsizineada lasdinszia1nuulslsiua1e3s Analysis of variance
a r'd 1 1 { A,
(ANOVA) 1Az AATIZHANVUANA A URAIAI8IT Duncan’s New Multiple Range Test (DMRT)

Taol#TUsunsudusagal SAS (SAS, 1998)

5.2 HaN1TNAaDI
d = Y U a
5.2.1 29ndsznouMmuniveignInImstuIazgase M sHeNUNn nazm i
WAINUIAEMIAUINDIN auMs NRC (2001) Nlaualasuoingaserriisdu
HAZOIHITHENY
a o s ~ Aq ¥ o VoA
Han13 AT IzHoIAlsEnoUMuATves M g lun1snaaneiie 3 nqu Ao
U 9 % % d‘d A % o [ v d'
nguaIuny (@1 Tnaniin), srmsvenuwinidnldeniud1lzvas 0% uazermisneruniing
o o [ 1 1 L &Y
tuldeniiudnlends 30% Taenudennsdunldlunmsnaaesdinlesisuainguits Tisau
sy 181 1wele NDF, ADF uag ADL #1101 90.06, 22.76, 1.33, 8.84, 7.00, 28.80, 18.35 LAz

[ 9y o w 1 9 % ' J A s 3 o
6.27% VDIAYUNI AN ﬁ'J‘LlGIJTJI‘WﬂWEJﬂ W‘]J’JWE)\T?]‘]J?%T‘I@TJ‘V]NL?]EJﬂﬂlﬂ@il%uﬁﬁﬁq
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e, Talsdn, lasfu, 180, 18ele, NDF, ADF tiag ADL i 22.44, 9.87, 1.10, 8.19, 25.17,
61.15, 41.50 LA 11.65% YoIinguits awdiau sazesnenumInT Seniiudznd
0% wuilesidud Saquite, Tusaw, Tuiu, i, (@018, NDF, ADF 119z ADL 1/ 30,32,
10.46, 1.03, 10.23, 26.90, 74.34, 44.44 1Az 11.97% U0IIAQUAT AIWSINU LALOIMITHITLHIN
fnldentudlenda 30% wuhlesidudSaquite, Tulsau, lusu, i, 6oy, NDF, ADF
ey ADL 1M1 28.14, 1330, 1.94, 7.24, 24.72, 72.95, 43.41 uaz 14.63% v03iAquna

AUAIAD AILEASIUATIT 1N 5.4

=3

[ F4
WierhaesAlsznoumaniivese1msnaasane 3 nqu udwiums Inyugi
Y

1 o o ' o o [ a
goe'lanriua (TDN ), wasudos1d (DE,), wasauldse Tenila (ME,) tagwasaugns

[ A J 1 4 Y
(NE,,) Aauns NRC  (2001)  sauaasluaiiiei 5.5 Tagar Inyuzdoslaues o1m1sdu

9 &7 % d‘d A o/ o 2 0% d‘d = &%
1 Iwandn  emsnerundnilindeniudznas 0% tageisneruwinidindengdu
#1218 30% TAWNITY 70.31, 46.80, 41.70 UAE 43.44% AUA1AY uaznaIugos lamidy
3.18, 1.67, 1.62 1ag 1.79 Mcal/kgDM aud1dy adumndsaulsse Toand 1§ miy 2.54, 1.36,
141 uag 1.56 Mcal/kgDM @U@0 HagWAUGNTNINY 1.60, 0.77, 0.80 Lag 0.91

Mcal/kgDM @UAA L
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osidun 91115 y o szaunfaendudnlznddluemsvenumiin
L A1 nanIn

AYUAI (21% CP) 0% 30%
Taquana 90.06 +4.04  22.44 +3.40 30.32 +3.78 28.14 4 0.30
T1lsau 22.76 £1.21 9.87+0.18 10.46 +£0.12 13.30 £0.10
avatu 1.33+0.32 1.10 + 0.08 1.03+£0.32 1.94 +0.64
18 8.84 % 0.06 8.19+0.12 10.23 £2.36 7.24+0.14
ole 7.00 + 0.04 25.17+0.34 26.90 + 1.12 24.72 +0.14
NDF 28.80+322  61.15+1.78 74.34+0.30 72.95 +0.14
ADF 1835+024  41.50+0.48 44.44 £0.12 43.41£0.18
ADL 6.27 £0.12 11.65+2.24 11.97 +2.90 14.63 +0.94
NFC 5491+1.04  25.44+2.40 12.86 £3.10 17.37£0.12
NDIN 0.55 +0.02 0.20 £ 0.02 0.29 +0.01 0.45 +0.02
NDINCP 17.15+ 1.20 6.27 £ 0.60 9.17 £0.28 13.16 £0.22
ADIN 0.91+0.10 0.41 +0.02 0.26 + 0.04 0.45 +0.02
ADINCP 28.67+3.94  12.46+0.10 7.75+0.72 13.11 £ 1.52

N1 ADF = Acid-detergent fiber, ADL=Acid-detergent lignin, ADIN=Acid-detergent insoluble nitrogen,

ADINCP=Acid-detergent insoluble crude protein, NDF=Neutral-detergent fiber, NDIN = Neutral-detergent

insoluble nitrogen, NDICP=Neutral-detergent insoluble crude protein, NFC = non fiber carbohydrate
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M319i 5.5 ﬂﬂ‘!?‘h°I/I1\‘lW5\1\111&“1]ﬂﬂﬂlﬂﬂgﬂiﬂWWﬁlmg’fﬂﬂﬁﬂEJ"I‘]J (Mean + SD)

nJosifua st Anlwe  sedunlaemiudilzvddluermsnenuisin
Inguia (21% CP) YN 0% 30%
TDN,, (%) 7031+0.06  46.80 +0.06 41.70 +0.06 43.44 +£0.18
DE, (Mcalkg)”  3.18£0.01  1.67+0.02 1.62 +0.04 1.79 +0.01
DE, (Mcalkg)"  2.97+0.06  1.800.04 1.85+0.14 1.99 +0.22
ME, (Mcalkg)"  2.54+006 1.36+0.04 1.41+0.14 1.56 +0.22
NE,,(Mcalkg)”  1.60+0.04  0.77+0.02 0.80 +0.10 0.91+0.16
¥ueme: " TDN , (%) = tdNFC + tdCP + (tdFA x 25.25) + tdNDF — 7)
’DE,, (Mcal/kg) = ((1dNFC/100) x 4.2) + (tdNDF/100) x 4.2) x ((tdCP/100) x 5.6)
+((FA/100) x 9.4) - 0.3
'DE, (Mcal/kg) = (((TDN,, ~((0.18 x TDN,,)) - 10.3)) x Intake)/TDN ) x DE,
ME, (Mcal/kg) = (1.01 x (DE,) — 0.45) + (0.0046 x (EE-3)) (n3@ EE > 3%)
“ME, (Mcal/kg) = (1.01 x (DE,) — 0.45) (N30 EE < 3%)
NE, , (Mcal/kg) = (0.703 x ME,) - 0.19 (n3@ EE < 3%)
INE, , (Mcal/kg) = (0.703 x ME,) -0.19) + ((0.097 x ME,)/97) x (EE — 3), (N9IEE
>3%)

5.2.2 YSnamsiulaveslaua
1 a a 9 d‘ =) = 1
vinmsnaaeanuNUsnamsiuldInsuzveslauy WonlSousuaiungy
A Y = ! @ A ' Y o oAy Yo
nmsnaaesniims e msneruiuanaanu de nquadugy @ lwandn),  nquin 15y
o Aa A o 9 @ Ay Yo o Aa A o
pImsHeuninnlnlaeniiudilzyds 0% uaznguit 85 veisneruniinitin)dendu
d1lenas 30% awdasluasned 5.6 Usinamsaul@Taguitedriu woamlsunamsinld
[ 9
Taquieninemsdulinundeminuni 3 ngqunisnaaesne 7.21 nlansuiaguityaa/iu
Ysmumsnuldlaguieninemsneniisunaeminy 6.04, 6.94 uag 5.54 nlansuiaguiy
A/ ey Januuananedsiidedidgnieana (P<0.01) uazdSunamsnulaiaguis
MNEMITTINANRASIINY 13.25, 14.15 uaz 12.74 nlanSuiaguite/da/iu awd ey Tnw

[ a

Y
uanawed nitedAynana (P<0.01) drudsuumsnulaiaguisaeiming (gkg
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1075\ &

W) fiaundemiiny 135, 138 uag 133 flansuiaguitudiu awdiwy lidanuuanaig
pg TRy NaDa (P>0.05)

o

YsunamsnulaTds@wdaAu nundsuamsnuldldsdauainermsduil
Amdenimiia 3 NEUNITNABIAD 1640 nSuTaguitey/aa/iu nazdSinamsnuldTlsau
MNOMTHENUTIRURFIMTY 596, 726 1AL 736 nsuiaquity/aa/u amdny Taolinam
uana e iisdiRyneada (p<0.01) Ysinamsin 18 Tsdunnemssuddumdomiiu
2236, 2366 1Az 2376 NFNIAQURY/AYTU Awd1ay Taslinnuuanaediisdidgneana
(P<0.01) wazdSinaimsau g Tsudorhming (g/kg W) Saundemifiu 23, 23 uag 25
nsudaguinyaa i lilinnuuanasedieiivedagniedna (P>0.05)

Ysmamsnulandsnugni/miu wundsmamsiuldndsnuainernis
fufidumdeniiui 3 NEUMIINARIAD 16.4 Mcal/@2/ 3 uazdsuamsnulandeauen
pWsNENLTIA R AR 5.88, 6.75 118 5.39 Mcal/A3/7U MUa19YU 1asiANULANAI9DE19
Uled Ay neana (P<0.01) uazalSunamsauldndinunnessuiisundowigy 22.28,
23.15 1Az 21.79 Mcal/@y/iu muaau Taslinnuuana wed NidsdAynaana (P<0.01)
dau‘ﬂ?mmmsﬁu"lﬁ'wﬁ’wmqm%@imfmﬁﬂﬁa (kg W' Semaonfu 3 AQUAT

9 v

NAand 19 0.23 Mcal/d1/3u Tulianuuanaisegnaiiedidunaana (P>0.05)

g



56

a a a yy Ay Yo )
MN13197N 5.6 uﬁmﬂﬁmmmiﬂullmaﬂﬂuw"lmummsw Hag91rM1I ey

ngw oINS
A o o SEM P value
g aeniiudilzrias
0% 30%
Psnamsiulainguna (kgDM/d)
9111 VU 7.21 7.21 7.21
91T 6.04° 6.94° 5.54° 020  0.0003
590 13.25" 14.15' 12.74° 020  0.0003
o/kg W" 135 138 133 626  0.8317
PSanamsnulaldsfu (g/d)
9111 VU 1640 1640 1640
GRVREATTIRNT 596" 726" 736" 21.56  0.0002
30 2236 2366 2376 21.56  0.0002
o/kg W" 23 23 25 .10 0.3849
PBunamsiulawdsnugns (Mcal/d)
91113 VU 16.4 16.4 16.4
911151 5.88° 6.75" 5.39° 0.19  0.0002
59 22.28" 23.15° 21.79" 0.19  0.0002
o/kg W*" 0.23 0.23 0.23 0.01 0.9673

a,b . . . ' Y I % 1 d'llslw v A
nIe: *° = Significantly different (P<0.01), NAUAIUAN (V17 Inanin), nqui lasus1msneruninid

A o o o oAy Yo o A A o o o
Lﬂa@ﬂmuﬁjﬂgﬁaﬂ 0% !Lﬁgﬂqll‘Vl]lﬂi‘llE]TVHSﬁﬂ1uﬂllﬂﬂlllﬂa@ﬂlluﬁ1ﬂgﬂﬁﬂ 30%

b J 4
5.2.3 YSananihuusazdsanaesndseneuvsaium

Y o Aa A o o v o 1 @ ) @
ﬂ’lﬁ‘ﬂﬂ'ﬁ@\‘lclf’]f@'l?i'ITViEJ’I“UWlIﬂT]lILI]af]ﬂlJuﬁ1ﬂ3ﬂﬁ\1lﬂullﬂaQ‘Wﬁ\i\i’lu’ﬁﬂ’ﬁﬂiﬂ

[

1 a 3’ d' 1 4' ay 1 d' Yo
wnaelsuiaiuw ﬂ\ill’dﬂ\ﬂ‘l&ﬁWiNﬂ 5.7 W“]J’NHJ’E]@'H?!@ﬂ'li'ﬂﬂa@ﬂﬂqm1ﬂﬂ1ﬂiﬂ@1ﬂ1iiu

1 VA Yo o Aa A o o v o =
GEUIPRINGEN Ll,agﬂan‘ﬂ]lﬂi‘]JE]TVi'IﬁWEJT]J“HSJﬂ“VIiJL‘]JﬁE]ﬂlIH’ﬁWﬂZWﬁQ 0% uag 30% MUY U

v
1 S

Y !
USuanihuulaunasminy 13.42,  13.44 uag 14.29 A 1ansu/Au awd1au Fa a1
] 1 A v o W aan A o a :’ J I 4 o
uanaedNiitoddyneana (P>0.05) uaziloUsulsuaniunaiulesidud ludulu

WIHUN 4% (4% FCM) Tuntinen Tansusoiu daundedy 14.29, 12.65 uay 13.74 Alansu/iu
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o o & (=) J 1 A v o w aa A a o :’ IS
aud ey ¥9 billinuuanaedealiiedAgneada (P>0.05) enarsw luiulwiwnilu

1 U (% =

WUeATL/Y A URAENNY 523, 466 1Az 421 ATU/AU ud1ey uag luTaNuLANA190E193]

£ o 2 an 1 = [ a = g’ = ,d' 1 U

HodAgyneana (P>0.05) wwdeanudTinaTdsauluihuy Jaundeminu 372, 366 tag

[ [ o @ 1 a <3 :I 1 { [ ] ]

395 NSWAN A9y daudsuaan lagluiitug Jaundominy 528, 521 uag 562 ASU/U
o o 3 = [ (] v o w an Aa < 1 Y

auday 3 lifinnuuenaedieiidedvyniana (P>0.05) wazdsumvewdangos luiu
Y [

Tuviy Jaundominy 1059, 1042 uag 1137 n5u/3u linuanuuanaedeilitiodAgni
aa 1 a < g’ a1 { Y o o
@98 (P>0.05) a@auUSuave V95 Tuiiuy YAUnaemIny 1582, 1463 wag 1601 NTN/ U

lifianuuanaedalitiodvynieana (P>0.05)
/3 s J AN Yo ' VoA
osiudvetesnlsznoiihmm voalaf ldsve s lunquaruau uaznguil
Yo L% d‘d A C% ) (% o w [} d'
Tasvormsveruninninasniud e nds 0% uaz 30% audey aauaaaluaisnai 5.8
1 S 3 4 @ oy = A o o = 1
wuesidua lvsiuluiiuy aunae 3.92, 3.10 uag 3.33% ANd19 1aglinNuuanaId
1 A v o W an S 3 o = cy = = T W
pdnNsdIAYyNIada (P<0.01) osigua lsauluiiiuy Uaunadoninu 2.77, 2.72 uag
o £ = 1 [ A v o W aa (] S I s I
2.79% aud1a F9 lilianuuanaves niiiedngynedna (P>0.05) dautlesiduauan laa
lAunauIny 3.93, 3.87 uag 3.97% mwdey Tag liianuuanasedeiitodngnieana
] = Y] < 1 o = = 1 o o W £ (=
(P>0.05) 1511@ e UUDUIng 0 lusiu A undemini 7.88, 7.74 uag 8.01% aua1nd a4 13l
1 1 v o w aa <3 3/ v { 1w
ANUUANANBINNTBdIAYNNADA (P>0.05) azaoudasanluthuy daundominy 11.79,

A v

10.84 118z 11.33% gy TaslianuuanaNegniiisdagnieana (P<0.01)

4 a g’ J g’
ﬂ"lﬁ1\'iﬁ 5.7 L!ﬁ'ﬂ\‘]1]53J'lil!u’luiJ!,!ﬁg’fNﬂ‘lJigﬂflﬂellﬂﬂu'luiJ



o 1SHENUN AT
nguaaugu  Waeniudnlznds  SEM - Palue
0% 30%

Wmnanin (kg/day)
USnanin 13.42 13.44 14.29 0.81 0.6922
S mahmanl$ v 4% 14.29 12.65 13.74 0.80 0.3548
aasilsznouvR i (g/day)
YTuna lugdiunw 523 466 421 3052 0.0849
Tosauuu 372 366 395 2025  0.5761
Ysuauwdnlng 528 521 562 29.06  0.5689
Ysuaveadanse iy 1059 1042 1137 58.77  0.4910
Ysuarveadesiuluuy 1582 1463 1601 84.74  0.4748

58

WU014A: SEM = Standard error of the mean, NguAILAN (112 Inaniin), nqui lasuemiswenundnid

]
~

nldendudnlznds 0% naznqu ldsvennsneuminitin/dondudnlznas 30%

v 9
3191 5.8 uﬁmmﬁﬂizﬂammﬁmu

] ' HITHENUHNNNN
aanilsznourinuy ngu A o o SEM P value

asniuadzvias

AILAN
0% 30%
(%)

TuaTuuy 3.92° 3.10° 3.33° 0.15 0.0027
Tsauuw 2.77 2.72 2.79 0.03 0.3403
wanlaa 3.93 3.87 3.97 0.05 0.3716
o ITINT 09 lugiu 7.88 7.74 8.01 0.09 0.1320
R RER TR AR TEY 11.79° 10.84° 11.33% 0.19 0.0092

nueIna: “° = Significantly different (P<0.01), nguAuAN (F12Tnandn), nquit lasueiswenundnid

]
~

nldondudnlznds 0% naznqu ldsvennsneuminitin/dondudnlznas 30%

5.2.4 rYNAIAL

v
o

CV Y

44
nnvnsnasuulas
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g‘ v v 3’ o o A = AN Yo 1
WminauaziminailasundasvesTauni lasuemis lunquaiuau

{ A Y 9

1 d' Yo v AA [ o [
vazngaui Idsvemsneruviinilinlaeniiudlzvas 0% waz 30%  awd1eu awaaslu
v v v v
A1519% 5.9 nuIHTnved IAUYADUISUNITNAA0INAURAANIAY 384, 379 uag 376
Y Fa [
n1ansu MudIaY d@MINAIMAIAUTANINAaDY NANRASININY 396, 382 uag 384
Y v v ]
nlansy awa1ey vaziivunalnasunilas Iaundeminu 379, 96 uag 271 AT/
o o £ a v As A o ) YR~ 1 [ o 1Y 1
MR Famswanosreuniantnlaeniudlenduiuuraandanud sy Tauy 1y

=K%

v Y
UANULANA NI NNTIdIAYNNaa (P>0.05) Y03 1ANY 3 NguNIINAADIH

v Y Y v v
M3519N 5.9 uaniviingd vazihviinar N asunilag

w d‘d

. ﬂq%l 9IHIINLIUVNRUDNY
HIVIUNA !ﬂaﬁ]ﬂﬁuﬁ1ﬂ$‘ﬁ’gfﬂ SEM P value

AILAN
0% 30%
(kg/head)

ADUNTNAADY 384 379 376 26.65 0.2272
HAINITNAADI 396 382 384 26.80 0.2274
HUNAIN 379 96 271 73.19 0.9399

wasuulas (pFu/u)

' Y o oAy Yo o A
MuonA: SEM = Standard error of the mean, NANAILAY (112 Tnaniin), ngui ldsuemisneruwinii

A 7 o @ 1 cs' Y @ cs'd = C% o %
naeniudilznas 0% tagnqui 1d5vemsneuwinhinldendudilenas 30%

o a 4 d
5.2.5 Bnadlslelaanun S1augdunidsiu Inlawesu uazmswamsnaaouai
a J M a
auug mana @y
=2 o Aa A o ) [~ 1 @ ) o
M3finyINaveIIIHIUNIN NN deniud)enasiunraandanudmsy
1 a A o g’ A 1 a a o a 4
Tauuaeaaunidlwitu flinanedSadsualsTe lsouun S1urugaunidsou Ta'la
o aa 4 oy a ~ Yo 1
Wosu uazmswamsnadowunanyg mad lunhuuay veelauui 1d5sve1vis lungu
VoA Yo v Aa A % o (2 o w 4
a1uaun uaznqui IdsuemsveruminiTuldendudlzwds 0% 1az 30%  AWEIAY A
~ a o 1 a oy a A =y LY
uaaslua1s1ed 5.10 wamsinsizinudSum s To leenunlwihuuduidundeminy

[

9.41, 11.25uag 11.83 Wby muday Tastanuuana19edaiisdidun1aana (P<0.05)

9

Y
¥241A%49 3 NGUMITNAADY
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ana 4 091 a 1 { Y
HanInaaRUINaUDY mad lihuuay UAuRdsmIny 6.00, 6.00 uay 5.87

v o w a

#2119 adray Tae lilinnuuanaedniivedAagneana (P>0.05)

a

Y v
S1uauns g luihuuay YAundeminy 0.57 x 10°, 0.42 x 10° 1ag 0.23 x

Q

5 =) o w = 1 ] A v o w an
10° TaTatl/ua. muaau IﬂﬂlliJiJﬂ’NﬂJLLﬁﬂﬁNfJEINiJuEJﬁWﬂiUUﬂNE‘Tﬂﬁ (P>0.05)

o U

a =4 4 3’ a a0 ~ [ 3 3
mmui;aumﬂﬂqﬂﬂ"lawmﬂumunw uaAnRagNINY 0.68 x 107, 0.64 x10

IS v a

uaz 0.61 x 10° InTati/ua. mwdwy Taglilinnuuananediiiodnynieana (P>0.05)

d‘ Y o Aa A CZ:) [~ 1 @
M3199 5.10 #a¥eIM s o1 sneurunnNaendudidenaadunvanasanulueimins

Y
1 a L o a
Tauy ApauNI o liIuaY

o aday 2IMTHANUNNNNT
a as K
ANANY lﬂaﬂﬂﬁuﬁ1ﬂ$ﬁ€fﬂ SEM P value
AILAN
0% 30%
Sanadmiuuay
1570 e nun
#NDN) 941" 11.14° 11.19° 0.49 0.0293
gaunsdluina@y
waauUg mad
(%’JINQ) 6.00 6.00 5.89 0.07 0.7919
aUNI I3
x 10’ Talati/va.) 0.57 0.42 0.23 0.14 0.2789
a =4 1 a
yaunsdngulag
Wosu
x 10° Taladi/va.) 0.64 0.61 0.68 0.22 0.9711

¥M10119): SEM = Standard error of the mean, WaauUg mad waudr luemsulasudluaanuan n, nqu

KY

]
= o/ 9 =

EY % LAy Yo o Aa [ ' Yo
AIVAY (slﬂ?TWﬂWiJﬂ), ﬂq&JT]hlﬂi']JE]11413‘I’Tm‘]J‘mJﬂ‘VIiJL‘lJaE]ﬂiJuﬁﬂJZﬂﬁﬂ 0% LAaZNYUN [ATUVDINITHIY

)

ninnTlasniudnlzvde 30%

1 = v d'ﬂlu
5.2.6 msiszanamisAumazndsnuvedaunitlasueisgasnaaes
rnaveslisAudesaasldlunszimeviin (RDP,, ) uaz Tus@ui ludesaarsla
Tunszimeniin (RUP,, ) voalauwi lasuomisTungualugu uaznqui ldsvemsney

o Aa A o ° o o w @ A a L4
nunnuaoniiud 1z e 0% uag 30% AUaIAY aauaalua1sen 5.11 @wsaAnsITH
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Usz@nsnmnsdesaars ldveallsAuTasdT Nylon bag technique Wu71RDP, Hfunde
I 1572, 1566 wag 1463 N3/ Taengudl ldTuesurenumin 30% 1450 RDP,, 910
o 1 1 oA Yo o Aa A o/ ) [ 1A
pIMsAINIINgUAILAN tazngui lasuesHreuminiTulaendudnlends 0% wui
ANUUANA N NITod IR YN19Ena (P<0.01) daunanudesms llsaudesdatslalunszmiy
wiin (RDP,) uazTisAun lidesaareldlunszimeniin (RUP,) Hamsadiuialden
auMsved NRC (2001) ¥o1 Inuni lasuemis lunquarugu uagnqui 1dsueisverumin
A~ A o o Y o w J 9 = 1 Y
inlaeniudilzvas 0% uaz 30%  AWEIAD WuANUAeINs llsAudesaals’la lu
nIgNenIin (RDP,) HAuRaewinny 1122, 1101 uag 1056 N3/ FaRANUUANAI190E1T
9
Heddneada (P<0.01) nazmanaaesii laun 1450 RDP iAudenudesnsmify 450,
465 118 407 NTU/TU MUEIAY Tasliauuana e NNTsdIAYNIIada (P<0.01) dIUYD9
4 a A [ 4 o IS '
ANuAnIMs saud lidesaareIdlunszimeznidn (RUP,) Awminy 984, 973 uag 1076
n3u/Au mudidy TaslilinnuuandvedelivediAgnieadd (P>0.05) ud 1850 RUP,,
A 445, 536 LAz 507 N5U/AU awd ey FelinnuuanawedeitodAgneana (P<0.01)
wag 1a50 RUP,, liiifiganefiunnudesmsminiy -540, -440 wag -569 n3w/3u awddy Tag
lifinnuuananedieliedngniedna (P>0.05)
dy =) A Yo a = =) T W [ [
wonani Tdsaunlasuaingdunsdldsau iy 954, 936 1az 898 nTu/iu
o w VoA Yo v Aa =) C% o Y t; v 1
auday nauit lasuemsvenuninAtinldendudilewas 30% drnnlunquaiuau uag
voA Yo o Ao A Y [ @ 2K A 1 v A v o w
naud Idsvemsnerumiinitinldeniudilznas 0% Flianuuanawedelivedinynig
Y
A0f (P<0.01) HazANU@In1g TUsAUNIMUATANMIAY 1193, 1180 tag 1203 ATu/Su
Y
audey lifinnuuanavedaiivediAgneana (P>0.05) Y9999 3 NGUNINAADI
[ o 9 S A a 1 A Yo J
mssmunnasnulilse Temiionanssuaieg veelauui lasuems lungu
oA Yo C% d’d = C% o [ o w [
gy uaznguil ldsuemsnerundniiindentud)znds 0% uaz 30% awd1a a9
d' d! = 1 a Y (%} a . =
ueraalum15199 5.12 B NRC (2001) Wumsnu 1auesnasaiugns (NE, intake) 3
AWNINY 22.28, 23.15 UAg 21.79 Mcal/day U@ NGUNIINAABIN 2 INGINUGNTINI
Tunguarugy uazngui ldsuemsveuwinitwadeniudnlenas 30% Taslinnuuanaig
pgNNsdIAYNNANaA (P<0.05) TuaIUVOINAINUGNTINONITAITITN (NE,, ) A1 6.99, 6.86
1 Y
118 6.86 Mcal/day MNAIGY WAIUGNTINOMIHAAIIUL (NE, ) TAWnny 9.64, 8.50 uag
] v Y
9.28 Mcal/day WA 1A Y WASNUGNEINONSINNINHWINAT (NE, ) UA12.60, 2.56 11aZ 2.59
Meal/day MUdeY tazwasugniazan (NE ) dauiiy 19.06, 17.89 uag 18.70 Mcal/day
aud1ay a9 hifinnuuanasedalitodAnyneana (P>0.05) LAWLINEIIU (Efficiency)

lungquernsveruniiniiinldendudlends 0% adinilunquarugy naznguin 185y
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v Aa A CY o v = 1 1 S o o W aa
IM1sneIuvNnnUlaeniudidevas 30% T@EliJﬂ’HlILmﬂGHQE]EJ'I\HJU‘c’lﬁ'WﬂﬂJ‘ﬂ'N’ﬁﬂ@]

(P<0.05)

]
=

9199 5.11 UsuaweaTdsaun1dsuannomsuas Tauudoams

nau I HENUNNNNN
nlasniiudilzvias SEM P value
VAN
0% 30%
(g/head/d)
Y
AWABINIT RDP, 1122° 1101° 1056 11.61 0.0023
(RDP_, ) 91N01%113 1572° 1566" 1463 10.83 0.0001
VIR 450° 465" 406° 1.10 0.0001
Tdsaunldsuan
a A =3 a a b
yaun3d lsdu (Mcp) 954 936 898 9.86 0.0023
aNuAnInNs 1sau
Wariua (MP,) 1193 1180 1203 33.97 0.8893
Y
AWABINTT RUP, 984 973 1076 57.52 0.3978
(RUP,,) 91001413 445° 534° 507" 6.92 0.0001
WMDY -540 -440 -569 54.94 0.2420

MU014A: SEM = Standard error of the mean, NguAILAN (112 Inaniin), nqui lasuemiswenundnid

= A g 9

A v o o ' Yo v Aa o
nlaeniudilerids 0% vaznguin ldsuemsveuninnunlaeniudlerds 30%
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d‘ [V A 9 A A 1 A Yo
M1319% 5.12 Wﬁ\‘]\‘l'll!‘i/lIﬂuﬂﬂ@ﬂﬂﬁmﬂﬂﬂﬂiiuﬂNﬂ Lmz“l/ﬂﬂuullﬂﬁllfﬂ?ﬂ’f)']ﬁ']ﬁ

v o=
9IS HENUHADNN
ngu A oo o
nlasniiuazvias SEM P value
AILAN
0% 30%
(Mcal/day)
a Y o a
msnulandsanugns
(NE, intake) 2228 23.15° 21.79° 0.19 0.0002
WAIUENFINONTA5
W (NE, ) 6.99 6.86 6.86 0.36 0.9608
WaUgNFINeNINan
WUy (NE,,) 9.46 8.50 9.28 0.55 0.4378
WAL NFINO NI
WIM1NAI (NE, ) 2.60 2.56 2.59 0.01 0.1419
nasnugniazaw
(NE, ) 19.06 17.89 18.70 0.60 0.3800
Useaniamms 1y
WU (Efficiency) 0.86' 0.78" 0.86" 0.02 0.0298

U181 $): SEM = Standard error of the mean, vb_ Significantly different (P<0.01), ﬂtjllﬂ’mﬂll ("i’ﬁ’ﬂWﬂﬁﬁﬂ),

1 cs' F C% d'd = cY o [ 1 d’ F 7 d'd A cY
ﬂﬁll‘ﬂllﬂi“]J@TVHi‘ViﬂWUWNﬂWNLﬂﬁ@ﬂNHﬁTﬂg‘HﬁQ 0% uagngumn AU HeIUnI NNl aeniiu

a

)

d11lerad 30%

a

tﬂ' ) = 9 1T W a % d‘d = %
Lil’i]ﬂ"lu’Jﬂ!ﬂ\iﬂu‘nuﬂ"l’Jﬁﬂﬂ‘]JGlufﬂiNﬁ@’fﬂ‘l’i']iﬁﬂ']ﬂ?imf‘l“l/liJHJﬁ’f)ﬂiJ‘Ll

Q

9
[ 1

[ v g U a ° 1 1
dlzrduiunvaandenu aomsldwanaaiig Tasll 3 ngqunisnaassie nquaIaw
@nInandn), nguildsvemsnerundnitinldontdudizvds 0% waznqui ldsuemis
l 9 Y
nerminiinldentudilznds 30% 11nMINAasINYING 3 nguMsnaaeiilTmani

Tagmaeniny 13.42, 13.44 uag 14.29 flansu/ma/Tu aud1ay uazgdunuaiemsduuas
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Silage Production from Cassava Peel and Cassava
Pulp as Energy Source in Cattle Diets
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Abstract: Processing of the silage using cassava peel as energy source i dairy cow diets was studied. The
experiment was conducted to investigate the chemical composition, degradability, lactic acid production and
hydrocyanic acid content of various silages with varying cassava peel additions and ensiling times. The
experiment was a 5x3 factorial design, completely randomized with factor A as the different formulated mixtures
(0, 10, 20, 30 and 40% kg fresh weight of cassava peel) and factor B as the times of ensiling (14, 21 and 28 days).
The results showed that cassava peel was appropriated to use as energy source in silage for dairy cows at 14,
21 and 28 days ensiling times. The content of hydrocyanic acid was at safety level for animals. The pH of all
silages was m the range commonly accepted for international standard. The pH of good quality silage should
approximately be 4.2. The DM degradability was mcreased as the addition level of cassava pulp m the silage
increased. Lactic acid content of silage was highest at 14TH day ensiling time. The present study indicated that
cassava peel and cassava pulp can be used as energy source in silage for dairy cows, particularly in Thailand

where pastures are lacked during the dry peried.

Key words: Cassava peel, cassava pulp, hydrocyanic acid, silage, cattle diets, Thailand

INTRODUCTION

Shortage of pasture and good quality feed sources
normally occurs particularly during the dry season in
Thailand. Moreover, concentrate meal play a major role in
the cost of milk production accounting for 60-70%. Price
of other feedstuffs used as energy source in the
concentrate such as com and cassava chip dramatically
since, they are competed for ethanol
production. Therefore, agro-industrial by-products such
as cassava peel and cassava pulp becomes widely
utilized. From cassava starch production 3% of cassava
peel is obtained therefore, approximately 552,000 ton of
cassava peel 13 produced per year.

increased

This considered being a great volume for ammal feed.
In addition, cassava peel contained 62.5-71.0% Nitrogen
Free Extract (NFE), 1.65-2.96 Mcal GE kg DM and
1.03 Mceal DE kg DM ™" which are suitable for cattle feed.
(Adegbola, 1980, Devendra, 1977, Nwokoro and
Ekhosuehi, 2005). However, cassava or cassava peel
contains a substance, cyanogenic glucosides which
which are in the tissues of cassava especially the head
and leaf. When tissue 18 destroyed, cyanogenic glucoside

are disintegrated to hydrocyanic acid and becomes toxic
to human and ammeal. If human receives only 1.4 mg of
hydrocyanic acid per kg body weight, he will die.
Concentration of hydrocyanic acid in cassava leaves vary
but the average is approximately 180-200 mg kg™ fresh
leaves. Hydrocyanic acid content in leaves 1s less than in
roots.

The analysis found that hydrocyanic acid n cassava
tissue 1s approximately 15-50 ppm while in cassava peel is
approximately 623 ppm. Hydrocyeamic acid varles
according to species (Soper ef al., 1977) but can destroy
or reduce the toxins by using heat or sunlight. Tn addition,
fermentation will reduce the amount of hydrocyanic acid
to a level that does not harm the animals. The objective of
the present research was to demonstrate the use of
cassava peel and cassava pulp as energy
feedstufts in silage.

source

MATERIALS AND METHODS

Feedstufts (Cassava peel, corn husk, cassava pulp
and brewer’ grain) were eanalyzed for
composition. Feed samples were composited and sub

chemical

Corresponding Author: Pipat Lounglawan, School of Animal Production Technology, Institute of Agricultural Technology,
Suranaree University of Technology, 111 University Avenue, Amphur Muang, 30000 Nakhon Ratchasima,

Thailand
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Table 1: Formulations of silage from various agricultural by-products
Silage formulation (Kg fresh weight)

Diets 1 2 3 4 5

Corn husk 42 42 42 42 42
Cassava peel 0 10 20 30 40
Cassava pulp 40 30 20 10 0
Brewers® grain 14 14 14 14 14
Molasses 3 3 3 3 3
Urea 1 1 1 1 1
Total 100 100 100 100 100

sampled were taken for further chemical analysis. After
being dried (60°C) and ground to pass a 1 mm screenina
Wiley mill, feed samples were analyzed in duplicate for
Dry Matter (DM) by drying a 1 g sample in duplicate at
60°C in a conventional oven for 36 h for ash by burning a
2 g sample at 500°C for 3 h in a muftle furnace for ether
extract and Nitrogen (N) by the method of AOAC (1990)
for Neutral Detergent Fiber with residual ash (NDF); Acid
Detergent Fiber (ADF) and Acid Detergent Lignin (ADL)
by the method of Goering and van Soest (1970} and
degradation in the rumen by Nylon bag technique
(Orskov et al., 1980).

The feedstuffs that had been subjected to laboratory
analyses were used to formulate five different silages by
varying level of cassava peel (0, 10, 20, 30 and 40 kg fresh
weight) on a laboratory scale basis (Table 1). They were
then thoroughly mixed and placed in airtight plastic bag
and poly-ethylene bag respectively. These mixtures were
ensiled for 14, 21 and 28 days.

The experimental design was thus, a 5%3 factorial
arrangement giving a total of 15 treatments with four
replications in each treatment. On the end of the
respective ensiling time, samples were taken and freeze
dried for DM determination. Dried samples were then
ground and analyzed for ash, crude protein, crude fiber,
fat concentration (AQAC, 1990) for NDF and ADF
(Goering and van Soest, 1970) for pH using pH meter for
acetate butyrate and lactate using Gas Chromatography
(GC) (Ottenstein and Bartley, 1971) and for rumen
degradability or in sacco digestibility using the method of
Orskov et al. (1980) and Orskov and McDonald (1979).
Analysis of hydrocyanic acid use the method described
by Indira and Sinha (1969). All data measured were
subjected to Analysis of Variance (ANOVA) using SAS
procedures (Statistical Analysis System).

RESULTS AND DISCUSSION

Chemical composition and DM degradability of
feedstuffs are shown in Table 2. Corn husks were high in
dry matter which is probably because high ambient
temperature during drying corn husk). Soper et al. (1977)
using com cobs sweet as roughages mn damy cows

Table 2: Chernical compositions of agricultiral by-products used in the

experiment (Mean+SE)
Feedstuffs

Results Cassava peel Cassava pulp  Corn husk  Brewers’ grain
DM 25.19£036  22.97+0.82 94.07+0.04  91.23+0.06
CP 1.04+0.18 2.03+£0.16  1.83£0.06 33.17+0.92
Fat 1.92+0.82 0.13+£0.10  0.92+0.20 7.32+0.82
Ash 17.66+1.76 7.38+£0.62  2.50+0.12  4.80+0.01
CF 10.79+0.48  12.28+0.98 34.27+2.50 13.11+0.10
NDF 70.97£0.04 61364001 85854274 50314248
ADF 18.73+£1.62 14.68:0.14 38732046 16.65+0.64
ADL 7.15+0.24 516+1.28 15.85+0.24 9.18+0.24
NFC 3.4+044 24.81+1.72 9.70+£2.44 8.62+5.38
NDIN 0.35+0.01 0.21+£0.02  0.16+0.01 0.70+£0.04
NDINCP 2.20+£0.06 1.33+0.08  0.99+0.01 4.39+0.24
ADIN 0.19+0.02 0.37+£0.02  0.15+0.02 0.55+0.02
ADINCP 1.18+0.10 231+£0.12  0.93+0.06 3.44+0.10
HCN (ppm) 399.01£10.16 211.74£5.92 - -

TDN;x (%) 42.05£2.94  521742.60 3836170 65.77£1.62
DE;y; (Mcal kg™ )?  1.88+0.04 2.08+0.14  1.58+0.06 3.80+0.26
DE; (Mcal kg™ 2.12+0.08 2.16+0.10  1.86+0.02 3.62+0.22
ME; (Mcal kg™ 'y 1.69+0.08 1.72+£0.10  1.43£0.02 3.21+£0.22
NE.r(Mcalkg™)* 1.00£0.06  1.02£0.08 0.81£0.02 2.07:0.16
dg’ 58.1 60.7 38.8 57.4

'TDNyy (%) = tdNFCHACP+H({tdFA=<2.250+dNDF — 7 ; *YDE,y (Mcal
kg™ = [(tdNFC/100)x4 2]+[(tdNDF/100)=4. 2]+ (tdCP/100)x  5.6]+
[(FA/100) =94] - 03 Discount = [(ITDN;; - [(0.18<TDN;y) -
10.3])<Intake)] TDN 1y DEp (Mcal kgDM™") = DE,y x Discount; *ME, =
[1.01=(DEy — 0.45]+ [0.0046x(EE - 3)]; “NEy, = ([0.703 *ME, (Mcal kg™)]
- 0.19)+ ([(0.097= Me,+0.19)/97]=[EE - 3]); *dg are effective degradability
of DM (%6)

showed that corn cobs sweet contained 6.5% protein,
1.0% fat, 36.6% crude fiber, 68.2% NDF and 41.1% ADF.
Comn husk in the present study had 1.0% protein, 34.3%
fiber and 387% which were lower than reported by
Soper et al. (1977).

Cassava peel has higher dry matter than that reported
by Adegbola (1980) (25.2 and 13.5%, respectively).
Nwokoro and Ekhosueln (2005), Devendra (1977) and
Adegbola (1980) found that cassava peel had 4.3, 4.8 and
6.5% protein, respectively while ashes were 1.0, 4.2 and
6.5%, respectively. Cassava peel was low in proten (1.0%)
and high m ash (17.7%). The percentage of fiber 1s close
to Nwokoro and Fkhosuehi (2005) and Adegbola (1980)
reports (10.8, 12.0 and 10.0%, respectively).

Cassava pulp showed less DM (22.8%) than those
reported by Mueller ef al. (1978) and Suksombat et al.
(2007) (88.8 and 92.6 %, respectively) while protemn (2.0%)
was similar to Preston. However, crude fiber (12.3%), NDF
(61.4%) and ADF (14.7%) were higher than reported by
Preston (5.0, 34.0 and B8.0%, respectively). Cassava
contains relatively high crude fiber, NDF and ADF. The
nutrient values of cassava peel are dependent on
climatology, soil fertility, species, age of harvest,
processing, etc. (Mueller ef af., 1978). Brewers” grain 1s a
source of protein feedstuff. It contained 33.2% CP which
was higher than those reported by Suksombat and
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Table 3: Dry Matter content (DM), chemical compositions in DM, HCN, TDN and degradability of silage after 14, 21 and 28 days of ensiling

Periods Formula HCN DM CP Fat Ash CF NDF ADF  TDN; (%) deDM de CP

14 days 1 19,4900 39,7000 15.4000 1.4000 4.0000  21.2000 63.7000 25,2000 47.6000 56.2 66.6
2 21.0000 38.5000 14.6000 1.9000 53000  20.7000 61.4000 25.8000 47.8000 57.0 63.2
3 22.4900 38.1000 14.4000 2.3000 7.0000 22,2000 67.2000 27.6000 46.8000 55.7 71.1
4 23.9800 41.0000 12.2000 1.7000 6.9000 25,5000 72.9000 32.6000 47.2000 521 63.9
5 25,4600 40,9000 15.2000 2.5000 8.7000  23.0000 63.6000 26.8000 45.6000 50.5 62.4

21 days 1 11.6200 41.1000 13.4000 1.0000 3.6000  20.1000 64,5000 27.2000 52.7000 45.6 50.5
2 14.4700 40,9000 12.3000 1.4000 4.8000  23.5000 68.6000 30.6000 52.9000 49.7 57.5
3 17.3100 41.5000 13.1000 2.1000 6.1000 24,0000 69.0000 31.4000 51.4000 45.9 59.6
4 20.1300 42,6000 12.0000 1.4000 8.6000  25.3000 68.9000 32,4000 51.4000 44.4 61.7
5 22.9300 42,9000 13.4000 1.9000 7.0000 26,1000 T70.5000 32.7000 48.5000 46.4 58.5

28 days 1 9.0900 38.5000 13.2000 0.8000 3.6000 23,4000 68.2000 30.0000 52.8000 50.9 62.6
2 10.9300 41.8000 14.5000 2.8000 4.7000  23.9000 69.5000 30.8000 52.1000 50.5 6l.4
3 12,7600 42,1000 11.6000 1.7000 5.6000 23,8000 69.6000 32,1000 52.3000 50.9 50.8
4 14.5700 43,5000 13.0000 1.2000 7.7000  25.0000 74,2000 32.8000 52.0000 46.5 61.7
5 16.3700 43.5000 12.7000 2.1000 6.9000 25.7000 68.4000 32.0000 49.4000 521 63.6

SEM 0.8700 0.8600 0.3300 0.1600 0.3400 0.4200 0.8100 0.6400 2.5400

Ensiled period 0.0001 0.0289 0.0001 0.1853 0.3033 0.0039 0.0007 0.0001 0.0001

Faormula 0.0067 0.4089 0.0029 0.0007 0.0001 0.0001 0.0001 0.0003 0.2355

EpxF 0.9844 0.9997 0.0077 0.2022 0.4678 0.0918 0.0342 03169 0.8974

HCN, Hydrocyanic acid; DM, Dry Matter; CP, Crude Protein; CF, Crude Fiber, ADF = Acid-detergent Fiber, NDF = Neutral-detergent Fiber; dg DM,
Degradability of DM; dg CP, degradability of CP, SEM, Standard Emor of the Mean; EP, Ensiled Period; F, Formula. 'TDNjx (%) =

tANFCHACP+HEdFA 2. 25) HdNDF-7

Lounglawan (2004) and NRC (2001) (284 and 27.3%,
respectively). Fat content was similar to the report of
Suksombat and Lounglawan (2004) (7.3 and 8.0%,
respectively) while crude fiber was 13.1% and NDF was
50.3% which 1s lower than reported by Suksombat and
Lounglawan (2004) (15.2 and 62.2%, respectively). In
consistent with Porter and Conrad (1975) who reported
that the brewers” grain contained 13.0-15.0% crude fiber.
However, the chemical composition of the brewers’ grain
1s depended on the type of grain, performance of extracted
carbohydrate soluble and the time used for extraction. The
remaining brewers’ grain in is most parts of the shell or
husk of grain (Armentano et al., 1986).

Degradation of DM (effective degradability of DM,
dg DM) of cassava pulp was higher than the report of
Suksombat et al. (2007) (60.7 and 56.8%, respectively).
This is probably because cassava pulp has hugh soluble
carbohydrate. The DM degradability of cassava peel was
similar to that of cassava pulp. Brewers’ grain had lower
DM degradability than reported by Suksombat and
Lounglawan (2004) (57.4 and 62.7%, respectively) wiule
com husk had very low DM degradability (38.8%0) but was
higher than in bagasse (21.2%) (Suksombat, 199%).
Degradability of feed in ruminants is affected by many
factors such as quality, quantity, physical form, particle
size and passage rate (Moon et af, 2003). Moon et al.
(2003) found low digestibility of forest by-product silage
relating to high crude fiber contents.

Chemical composition of five ensiled agricultural
by-products and duration of fermentation (14, 21 and
28 days) is shown in Table 3. There were significant
differences in HCN (p<0.01) between duration of
fermentation. HCN was high in 14 days fermentation

silage and then declined when time of ensiling increased
(21 and 28 days fermentation). This 1s probably because
during fermentation microorganisms can decompose the
cyanogenic glucoside together with increasing silage
temperature. Gomez and Valdivieso (1988) reported that
after 26 weeks fermentation of cassava the amount of
HCN decreased to 36% of DM (p<0.05) among periods of
fermentation.

McDonald et al (1991) found that DM of grass
increased with increasing fermentation times which was
probably due to loss of moisture and acids during
fermentation. statistically  significantly
differences i CP content (p<0.01) between period of
fermentation, formula and interaction between period of
ensiling and formula.

This possibly caused by the decomposition of urea
by urease and the ammoma loss during ensilage.
Catchpoole (1962) reported that when grass was
fermented, the percentage of CP decreased as compared
to before fermentation. This could be due to microbial
activity degrading CP and released large amount of
Inmonia.

A reduction in CP content from formula 1-5 is
probably due to losses in ammonia from wrea addition
occurring during ensiling process. Johnson et al. (1967)
found that urea treatment of com silage tended to
increase the formation of ammonia and reduce the content
of crude protein. Fat and ash increased with increasing
cassava peel addition. Because cassava peels had hugher
contents fat and ash than m cassava. NDF and ADF
increased from formula 1-5 (p<0.05) NDF and ADF tended
to increase as the level of DM increased. The degradation
of DM 1n the rumen 1s shown m Table 3.

There were
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Table 4: pH, organic acids of silage after 14, 21 and 28 days of ensiling

gkg! DM
Ensiled periods  Formula  pH Lactate Acetate  Butyrate
14 days 1 4.2000 455000  27.4000  nil
2 4.0000 46,0000  24.8000  nil
3 4.0000 451000  23.1000  nil
4 41000 46.2000  27.9000  nil
5 4.0000  44.6000  32.1000  nil
21 days 1 4.2000  41.3000 234000 7.0
2 4.0000  40.5000 299000 7.0
3 4.0000 387000 355000 il
4 4.0000 424000  35.7000  nil
5 3.9000 401000 32,6000  nil
28 days 1 4.2000 374000 34.8000 9.5
2 4.0000 347000 364000 7.1
3 4.0000 328000 395000 7.3
4 4.0000 374000 41.5000 68
5 3.9000 353000 37.8000 il
SEM 0.0300 0.8600 1.5000
Ensiled period 0.2407 0.0001 0.0001
Formula 0.0001 0.2130 0.0601
EPxF 0.9547 0.9714 0.2908

SEM; Standard Error of the Mean, EP, Ensiled Period; F, Formula

DM degradability at 14th day fermentation period
reduced when the level of cassava peel increased (0, 10,
20, 30 and 40%, respectively) however at fermentation
period of 21st and 28th day, DM degradability reduced
probably due to mncreased dry matter as the duration of
fermentation increased. CP degradability was varied
probably due to variation of protein levels in different
formula.

Level of pH and Volatile Fatty Acids (VFAs)
concentration are shown in Table 4. Formulation also had
significant effects on pH but not on lactic acid and acetic
yield. The pH of all silages was in the range commonly
accepted for mternational standard. The good quality
silage should have pH around 4.2 (Kung et al., 1998). The
lactic acid production decreased while acetic acid
mncreased with increasing time of ensiling (p<0.05). Dunng
the early stage of fermentation, the coliform bacteria are
active. These organisms multiply until about the 7th day
after ensilage and then decrease in numbers. Following
this period, they are progressively replaced by the slower
growing high acid-producing Lactobacilli. The pH of the
silage drops as a result of high lactic and acetic acids
produced. The result of the present study showed lower
pH but higher lactic and acetic acid yields at 14th day
than other periods of ensilage. Following the 1st 2 weeks
of ensiling the pH increased while acid productions
declined with increasing time of ensiling. A reduction of
lactic acid with increasing time of ensiling can be
attributed to the utilization of lactic acid produced by
Lactobacilli during the early fermentation by other
microorganisms (Woolford, 1984). Butyric acid yield could
not be detected at 14th day fermentation but could be
detected at 21st and 28th day fermentation periods.

CONCLUSION
The chemical compositions of agricultural
by-products were in the same range generally reported n
various studies. Cassava peel was found to be suitable to
use as an energy source feedstuff m the fermentation of
silage . However, cassava peel is low in protein and high
in ash percentage, it must be used with ligh-protein
feedstuffs as protein sources such as brewers’ grain and
urea. HCN was high at 14th day fermentation and then
declined to the level that was not harmful to animals at
21st and 28th day fermentation. The pH of all silages was
in the range commonly accepted for international
standard. Lactic acid was highest at 14th day fermentation
period and then declined at 21st and 28th day
fermentation. This research indicates that some
agricultural by-products have a high potential to improve
quality and to utilize in various forms of dawry cattle's
feeds particularly in the form of silage. Well-balanced
nutrient ensiled by-products need to be fermented for at
least 14 days provided that optimum levels of brewers'
grain and molasses are added.
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