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Effects of the Level of Dried Cassava Pulp from Ethanol
Process in the Ration on Rumen Fermentation and

Digestibility in Fistulated Thai Native Bull
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Abstract: The objective of this study was conducted to determine the effects of the level of dried cassava pulp
from ethanol process (DCP) in the ration on digestibility and rumen fermentation in 4 fistulated Thai native bulls.
The study was used Crossover Designs. The dietary treatments were divided into 4 treatments that are control
diet (DCP 0) and the other 3 treatments were diets in which energy source was replaced by DCP at 15, 30 and
45%, respectively (DCP 15, 30 and 45). The results showed that the digestibility of dry matter (DMD), crude
protein (CPD), neutral detergent fiber (NDFD), acid detergent fiber (ADFD) and nitrogen free extract (NFED)
were not significant different among groups (P > 0.05). But the ether extract digestibility (EED) of DCP 0 was
significant higher than DCP 30 (P < 0.05). Rumen pH and ammonia-nitrogen of each treatment was not
significantly different (P>0.05). Ammonia-nitrogen in each treatment following the same trend i. e. increased at 1
hour after feeding then decreased at 2, 3 and 4 hour after feeding. /n situ DM at 24 and 48 hour of DCP 0 and
DCP15 were significantly higher than DCP 45 (P < 0.05). However, degradation rate and effective degradation
at 0.05 fraction/hour were decreased with the increasing of DCP levels. Gas production at 16 and 24 hours of
DCP 0 were significantly higher than DCP 45 (P < 0.05). Finally, TDN and ME of DCP 15 were higher than other

groups so it could be concluded that DCP at 15 percentages would be suitable in the ration for beef cattle.
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24 uaz 48 WullTuiiAnaAaniurengu DCP 0 uazngu DCP 15 gan3ngu DCP 45 (P < 0.05) daudksinng
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0.05) wawusanelanls (TDN) uaznwasnuldilselemndls (ME) 209ngu DCP 15 @;qndwzﬁuﬁluj g ldnnnau
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lunsziwnzmsinuaznisstaslalulafuiiasaiznszimng

dnlemdaukafisssiu 15, 30 uaz 45 wWefidust Tugms
2711391 (DCP 15 DCP 30 way DCP 45 ANNANAL;
(me9d 1) TnemnnguldFuvalngdudie 1 wefifusf
gaanvinga srazinaITeInMAsedLLseanLi 4
1291981 12942 21 4 TuuAazdealszazalFusa
(preliminary period) 14 41 uazsraziiudaya
(collection  period) 7 1 NNFLALFDEN9TBINA
AINNTLLNITILNY (rumen fluid) L‘W'ad"mﬂ?mm
wanluifle lulnsiaudaedd Conway Method  (Voigt
and Steger, 1976) kazinA1ANITIUNTA-ANalugLNY
TaensgemAsesianulunga-Fng (pH meter) 7
u’?‘mmrﬁm@'Nmmgmuﬁﬂuﬁimzﬁumms 1 4T
uazndeanninfuemnsudadaluad 1, 2, 3 uay 4
u@nmnﬁﬁmmm’@mvl,mugmuﬁwqﬂumu (in  situ
technique) Angltlsunsndiagl NEWAY  (@rskov
and McDonald, 1979) 9aiFunnuuia (gas production
technique) ANNABN13289 Menke and Steingass
(1988) wazdnnnssiaslfaalnauzludadnd (in vivo
digestibility) 51"3?13%34’1[51?3?% (Conventional Method)
Tnenfiusinatingala 5 Sugavineaeinimaany 1uin
Sunnnnsiulfuasyaiifueanunguifudanting
BIMTUATYA (5 wefifusresiminga) el
Aiasnedesdlsznauniaail Tneds Proximate
Analysis (AOAC, 2000) uazAtas=iiifielalneds

Table 1 Feed ingredients of the 4 experimental diets”

Detergent Method (Van Soest, 1982) ﬁﬁm'ﬁliﬁm
émfsmmﬁwﬁuﬂixaméﬂﬁiﬂaﬂiﬁﬂiwngmu'fi%‘mm
Yeryaau (2540) uazAuamAInas syl
1#mnaRTa09 Kellner et al. (1984)
AATNZHHANIINARRINIARD HLALAT
AAEdan T (analysis of variance) hag
1 RenlenAuUANFANTe AR #9833 Duncan's
New Multiple Range Test (Steel and Torrie, 1980)
Tne 1 lsunsngdni3agy SPSS  (version 11.5, IBM

Corporation, New York, United States)
NANSANEILAZIANTING

1. 29AUSENAUMILANARIRIMITNARDY
nN193ATEFeeAlsnauniaAiaea DCP
(ﬁ]’]ﬁ"]\‘i‘ﬁl 2) wudndsznaudaadnguia (DM)  92.74
wefiduilndinesiudnguisreanindroneasui
AMNTENUTBIUGNA (2541) Gaflein 0146 1lafidud
Buviadng (OM) 80.48 iwasifius IndlAeiunindan
weafuTafiasTm (2545) TdsuauliRed
BunTudng 8019 1afidus dida (Ash) 19.52
wlasidus TsRumveny (CP) 7.49 weafidus Tasu (EE)
5.46 e fiFus Halavenw (CF) 25.96 iwlofifud G
ﬁqmﬂmqqmdﬂﬁﬂmzﬁfmuﬁmﬁﬁmmﬁfmmmi

Ingredient DCPO DCP 15 DCP 30 DCP 45

Leuceana leaf meal 3.99 5 5 5
Broken rice 20.92 16.66 12.06 4.06
Soybean meal 9.97 10.25 10.6 11
Ground corn 20.92 17 13 13.4
Rice bran 39.86 31.75 25 17.2
Dried cassava pulp 0 15 30 45
Premix 0.35 0.35 0.35 0.35
Dicalcium phosphate 2.99 2.99 2.99 2.99
Salt 1 1 1 1

Total 100 100 100 100

" pcp 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration
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Table 2 Chemical composition of the 4 experimental diets"

ltem DCPO DCP 15 DCP 30 DCP 45 DCP' Ruzi hay
DM 84.02 83.44 84.20 85.04 92.74 92.39
OM 93.25 90.55 89.67 86.44 80.48 95.83
Ash 6.75 9.45 10.33 13.56 19.52 417
CP 15.79 14.47 16.05 15.42 7.49 3.12
EE 4.69 3.54 3.43 2.92 5.46 1.96
CF 6.68 12.22 15.02 21.66 25.96 42.84
NDF 86.74 80.72 80.20 63.08 57.05 77.89
ADF 9.19 21.37 27.89 40.73 49.73 51.74
ADL 2.32 714 9.48 15.31 13.90 7.50
NFE 66.09 60.32 55.18 46.43 41.57 47.91
Hemicelluloses 77.55 59.35 52.31 22.35 7.32 26.15
Cellulose 6.86 14.23 18.41 25.42 35.82 44.23

" pcp 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration

Fafipenaeestlssmalng (2551) eulidanan
Judndevaaaaminueanaged 4 CP, EE uaz CF &
uaz 12.9
yananimL9n DCP iflelaazaneluansind ey
na19 (NDF) 57.05 vilafidus daluazanalunsa
(ADF) 49.73 \lafidus antiu (ADL) 13.90 wlafifust
a3l lamsnTisas g (nitrogen free extract, NFE)
4157 wefidud iallizaglaga (hemicellulose) 7.32
wWesiius uazitaglaa (cellulose) 35.82 wasidus

ANWINAL 4.0, 0.4 weafifusnnansu

z%w%u@am'wmq‘lﬁmummmmmmmﬁq
4 szau AndluFeaazaaeinguia (mmqﬁ' 2) WuTn
TnnuikaiiAn 84.02, 83.44, 84.20 uaz 85.04 CP
WL 15.79, 14.47, 16.05 LAY 15.42 AMNAIAL 491
A1 OM, EE, NDF, NFE uaziafimaglaganad us
UFunnuin CF, ADF, ADL Lmziﬁmmvng‘tamﬁu%u
AINTZALRY DCP lugmsanns

2. msAnmstatlaradlnturlufidnilaeis
dnam
=S 1 v
nan1sAnsniseiastaaaalnrusluainig
NAABINNEN DCP 9144 358U (AN9190 3) WUL1AN

duilsz@nsnnstesldansimguiis (dry matter
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digestibility, DMD) T1l3f% (crude Protein digestibility,
CPD) delafiazareldlugnsdndneiidunana
(neutral detergent fiber digestibility, NDFD) L?i@slﬂ'ﬁl
avanelilungs (acid detergent fiber digestibility,
ADFD) uazanslulainsniisiaelddns (nitrogen  free
extract digestibility, NFED) ldusnsneii (P > 0.05)
wRAnduszAndnnsdasldaeadelaveny (crude
fiber digestibility, CFD) lunga DCP 45 Huualiings
ndnga DCP 30 (71.40 Wieuriy 67.71 wlefidus) (P
0.08) wazAduszAninistiesldaedlaiusn
(ether extract digestibility, EED) mmﬂzg'mmmm (DCP
0) g4n3nga DCP 30 aeeltladnAtyneada (P <
0.05) (36.53 Wiewfu 27.01 wWefidus) atslsfinm
WU91AY DMD (2 lutae 63.74-66.31 tlasigus)
NDFD (agjlutas 66.62-70.77 wefidus) uaz ADFD
(2¢flut949 59.67-64.45 LlasiFus) lunmeaesil 4N
917 As¥ad (2545) 18Anenluamnafiiinandg

NAAAWFITZAL 0, 20, 30 LAz 40 Wafidus Aa JAn
DMD 50.63-55.50 Liasidusi A1 NDFD 37.62-43.48
ilafidus wazA1 ADFD 20.08-26.23 Lilafifus dau
CPD (59.25, 56.86, 58.45 uax 58.56  iilafidus) 44
At Tume uazAnus (2543) e lue g s
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Table 3 Apparent digestibility in fistulated Thai native bulls fed the 4 experimental diets”

ltem DCP 0 DCP 15 DCP 30 DCP 45 SEM P-value
DMD 65.77 66.17 63.74 66.31 0.74 0.37
CPD 59.25 56.86 58.45 58.56 0.62 0.31
EED 36.53" 33.36™ 27.01° 30.99% 1.31 0.04
CFD 68.91 70.57 67.71 71.40 0.74 0.08
NDFD 70.39 70.77 66.68 66.62 1.09 0.18
ADFD 60.18 61.92 59.67 64.45 1.03 0.20
NFED 72.81 71.40 70.09 71.63 0.68 0.22

**° Means within rows with different superscripts differ significantly (P < 0.05)

"bcp 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration

Andaneasialuszau 0, 10, 20 waY 30 wlafidus
(48.3, 46.8, 45.6 L4z 44.8 Wafidusnuansy)
e d'
WatnAdulsr@nsnissieslfaaalnaun
AN neRaneaaaaluFadRnT NIANUILATNANIUANN
Tnauzitiasls (TDN) Wus1A1 TDN - ARaSmINIEAl
2834 DCP lugmsa1ung (0, 15, 30 uax 45 Lasidus)
A8 65.93, 62.57, 60.30 kA 59.79 Wafifus (m13197
4) rmsm”ﬂoﬁ"u%ngqndw’mmmmm@ﬁﬁfmﬁ (2545) 7
' PRy o o s v
$189114371811N AR TR UNINE19NB AR LT 0 20 30
WAy 40 wefidusd JA1 TDN windu 59.67,  59.85,
59.06 LAz 56.26 taFiius dauUnasnugIn (GE) 184
uwiazngueg 199 49.12-52.60 unnzqasienianiy
TAQUIS (MJIkgDM)
(2545) PWUI1AN GE lua1mnsnisssunndnaneast
WiAa3EFL 0, 20, 30 WAy 40 wleafidfus JA14.74-15.66
MJ/kgDM iasnnanniysiiuneny Tasdu Eely uas
o A Py A o
Aslulamsmisaslidravasaiursniningu

AT NG R PAtIRG I TR CEL T 1T

Andyndsuislugasanuisgandnanunsniinindng
LOAR LA
dmsundsauldis=Tomils (ME) anausay

ngueglutag 9.34-10.98 winnzqasenlaniudngui

Q U a
' ]
o '

sAnanenmsiinind1aneasfudsresqsTmd
2545) (aglu199 11.59-12.85  unnzqasanlania

5 =Bhe
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AOWE) a8 lsnANUINA1 ME 19981113 RNNS
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wasddslumilfiade 9.48 winnzqasienlaniu
TRRUIN (UANE, 2541)
3. A1AMNLTUNSA-A19 (pH)  wazwanluils
Tulmsiau (NH,N) Tunszinnzudnaasdanaaag
udanalamns 2 $atie pH TeduRaznga
AR wEss s 1 4l usliumnsnedu
(P > 0.05) A2AARBINLINNINAABILRY Younker et al.
(1998) fisnenudnnisldnndaneafuanaun
WUAIBIMNINENLLAZaN M9 WluTE AL 12 Lay 24
wasidusldnalFaraanudunsa-Araunnmaiu
(3797 5)
dmiuAn  NHN Tuwsiazngunimnaaes
Il anaReniuA e LA N sl
1 dalus udranaslualued 2, 3 wae 4 TnaAndanann
THWANFANAUNNEDR (P> 0.05) watFunnswan Tl
1u‘£ma?mwn@\mz§m7imumnﬁuﬁﬂwﬁmﬁﬁi:ﬁu
45 eafidus (DCP 45) ﬁLLuQiﬁNﬁIWﬂ’]"mZ\jNﬂQU@N
(DCP 0) Tudaluad 1 uay 3 wdanslienvng P >
0.05) 48AAREINLITNLNUTRY Satter et al. (1981) ?ﬁIq
s1eaudA N NduresuenTule lulnsiauas
Lﬁu%uqqzﬂmiu%ﬂmﬁ 1-2 WAanTEALUAdlaAN
AanT Usuns NH,N fifsamasiamaadRnlnes
qdudAefisziy 5 DaAnfuilefifud Genqu DCP
15 SaBunufenanludaluedi 4 wdsnsliamnsis
5.43 Raansuilefidus (e 6)
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Table 4 Total digestible nutrients (TDN), gross energy (GE) and metabolizable energy (ME) of fistulated Thai

native bulls fed the 4 experimental diets"

Item DCP O DCP 15 DCP 30 DCP 45
TDN (%) 65.93 62.57 60.30 59.79
GE (MJ/kgDM) 52.56 49.12 52.60 50.81
ME (MJ/kgDM) 10.98 10.11 9.59 9.34
" pcp 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration
Table 5 Rumen pH of fistulated Thai native bulls fed the 4 experimental diets"
e Time after feeding (pH)
-1 1 2 3 4
DCP O 7.06 7.21 7.04 7.02 7.07
DCP 15 6.99 6.98 6.86 6.93 6.94
DCP 30 6.86 6.98 6.91 6.98 7.03
DCP 45 7.00 7.01 6.96 7.07 6.90
SEM 0.07 0.08 0.08 0.09 0.09
P-value 0.33 0.16 0.42 0.50 0.52

" pcp 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration

Table 6 Ruminal ammonia-nitrogen concentrations (NH,-N) of fistulated Thai native bulls fed the 4

. . 1/
experimental diets

Time after feeding (mg %)

Item
-1 1 2 3 4
DCPO 5.08 7.70 5.08 4.90 4.55
DCP 15 5.43 7.53 5.60 4.03 5.43
DCP 30 5.25 6.13 4.55 4.20 4.38
DCP 45 4.73 5.95 4.90 3.68 4.03
SEM 0.36 0.40 0.31 0.26 0.35
P-value 0.64 0.07 0.37 0.09 0.21

" pep 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration

4. NsEANEARILNTUE AN lUNSELINIEUNN LAY
Agldgeluaau

dl = = o o £ %

WaAnHIDIN1aa A 189TAg U lu
nsznzminaealpnAaean lesue1MnsuaN DCP 4 4
9AU (A3 7) WU Tina 4 Fqluausn Ansanans
Tunsazngulduansneiu wilugoedalusd 8 ns
AANYUAITBINGNATLANGININGHN DCP 30 uazngu

94

DCP 45 (P < 0.05) (42.75, 32.87 ua¥ 30.93 iafidus
padniL) ludaliadl 16 ngueaLANIAZNGN DCP 15
g9niNngN DCP 30 uazngu DCP 45 (P < 0.05)
(49.65, 46.33, 38.95 uay 35.31 AMNANAL) LAZNNT
aaneesTrnutsludalusd 24 uaz 48 ulyllu
fAnuRALuABNgNALIAN WATNgH DCP 15 gandn
nqN DCP 45 (P < 0.05) ie9anniEunn NFE 104
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NANAILIAN UANgN DCP 15 Hgandingd DCP 30
uazngu DCP 45 UszneufutBunnutielevenyae
NANAYLAN WATNGN DCP 15 Hgendangu DCP 30
wazngu DCP 45 slidnquitsiiazanslduanndn
ARAARBINLNIINAADIURY AsTml (2545) dald
PENIUIINTAREFNBIIRI WINAAAIAINIEALNNT
meummmﬂmfmmmﬂum prewng deLSannadiels
umwmmmmmirwmummvmmmmﬂmqm@m
lugmsanins
levheAaanaesTnnuieRida e
Aanulnelsunsudnidagl NEWAY  (m13nadi 8)
NWUINAINITAZAE (A)
(24.10 wlafifus) anaslungu DCP 15 naziiaaly

2eeimguielungumILAN

ngu DCP 30 wav45 (25.87 uaz 31.23 wefidus

InAALTUENUIBIG YN (2546) 7191897131
¥ A < oI/ A 3| d‘ o

s dannwandamaeiuatmslaunngzay 60
wlafifuAie1 A 31.80 wWafidus amsudqunly
@:mﬂLm'l,ﬁmmwﬁmj@ﬂimmﬁuﬁﬁ(B) WU
WNAURINIZEL DCP 15 Uaz DCP 30 WAAzanadiie
D99¥AU DCP 45 Aa 46.03, 54.87, 74.13 uay 68.77
wWaeidus neirn B lungu DCP 30 uay DCP 45 g4
AR NdaunaNTe A nNA AT mAs lusTU
5119 ] (0-60 e fidiusd) Ngityay (2546) Haneuld
ﬁnﬂmwmmmﬂmmmmLLm (A+B)
sTusaszdu DOP paesiudnuruiiasyand (2545)
Iaseeudnsziunisldnindronaasuislugns
d 2 X e, v o e
ANVNIMANTUNN LAY A+B - aRad hasATnud iy
BNINNTAAUAIVBITAGUIN (c) waztlsrAnsninnis

FANANAL) TengN DCP 45 HAN A 31.23 iafifus aaeFafignan 0.05 dausiadalusg (ED, 46) Faana
Table 7 In situ DM disappearance (DMD) of fistulated Thai native bulls fed the 4 experimental diets"
DM disappearance percentage at various times (h)
ftem 0 2 4 8 16 24 48
DCP 0 24.10 29.41 32.74 42,75 49.65°  5250"  65.97°
DCP 15 23.50 31.94 30.11 37.91"  46.33°  5473°  66.25°
DCP 30 25.86 28.72 2056 32877  38.95° 4547  59.43%
DCP 45 31.23 25.36 2668  30.93°  3531° 3833 5365
SEM 3.34 1.81 2.21 2.88 3.21 3.34 2.51
P-value 0.651 0.340 0.360 0.022 0.007 0.030 0.030
**° Means within rows with different superscripts differ significantly (P < 0.05)
" pcp 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration
Table 8 Dry matter degradation of the experimental diets containing 4 level of DCP"
ltem DCPO DCP 15 DCP 30 DCP 45
Fraction A (%) 24.10 23.50 25.87 31.23
Fraction B (%) 46.03 54.87 7413 68.77
A+B (%) 70.14 78.36 100.00 100.00
c (%h") 0.045 0.031 0.010 0.005
Lag time (h) 0.0 0.0 0.0 10.4
Fraction a (%) 26.56 26.66 26.49 24.44
Fraction b (%) 43.57 51.71 87.06 146.63
Effective Degradability (ED ) 47.2 46.3 40.9 38.2

" pep 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration
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AusEAL DCP (iasanniiunnnnslulansmieias
anelianas udagendnluanslaundifagilann
U3tnsing 4 lan@nd (2541) I¥s1eeudntan a ag
a9 8.9-17.7 iwlafidus

5. msUsziiuAmssadlauaznasnulaedIsan
WBanauuAan m&ilu (gas production method)
BunauAaniAnaudianuduiusluiianig
weniunisaanesnvesinguiclunszmzminaeda
naaaslnen ldneluaan (3197 9) AetFunouufan
FATuanaIANsEAL DCP Tiiaulneludalued 2
uRamiisduzasngs DCP 0, DCP 15 uaz DCP 30 il
uualtingandanga DCP 45 (P > 0.05) FeFunoufa
ﬁﬁm%uﬁﬁmﬁﬁﬁm (P < 0.05) Tdalad] 4,8 uaz 48

TuanefinnsanasesFunnufaludalued 16 uas
24 FridnAtyianizlungs DCP 0 Wieuiu DCP 45
(P<0.05) SRR ATIR AT LA AAIFNNIZAL DCP
1uzﬁmmvm iHeanntBunnaes ADF lungunnaes
iadunasyay DCP Tag ADF ifludanfidesaaneld
gnTunszmnzmsin A lnafauiaanad
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62.21 WAz 49.19 \WaFdus MNA1IAL Lazwawwld
UseTamlls (ME) Aa 11.34,879,  8.89 uaz 6.39
wWnNaasan lanFNIRuIRINAAL (ma’mﬁl 10) i
A1 OMD 22481313 DCP 0 014 30 iefifiusd IndiAea
ALNNIMARBITES UONA (2541) & eadne g
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Table 9 Gas accumulation of the 4 experimental diets incubated with rumen fluid at various times"

Gas accumulation (ml) at various hours.

ltem
0 2 4 8 16 24 48
DCPO 0 7.08 11.89° 24.18° 43.94° 55.04° 67.20°
DCP 15 0 6.77 11.38"  20.86° 3508 4226 = 48.37°
DCP 30 0 6.93 10.81°  21.34° 3532 4264  43.04°
DCP 45 0 4.77 7.42° 16.17°  25.97°  29.16°  31.29°
SEM 0 0.37 0.61 1.01 2.16 3.13 4.50
P-value - 0.56 0.11 0.01 0.04 0.06 0.08

*° Means within rows with different superscripts differ significantly (P < 0.05)

"pcp 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration

Table 10Gas accumulation at 24 h, estimated organic, matter digestion (OMD) and metabolizable

energy (ME) of experimental diets with 4 level of DCP"

ltem DCPO DCP 15 DCP 30 DCP 45
GP (ml) 53.95 41.43 41.84 28.58
OMD (%) 73.52 60.71 62.21 49.19
ME (MJ/kg DM) 11.34 8.79 8.89 6.39

" pcp 0, 15, 30 or 45 = percentage of dried cassava pulp in concentrate ration
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