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Nutritive Value and Kinetic of Degradation of Cassava Ethanol Waste by in vitro

Gas Production Technique
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Abstract

The objective of this study was to determine the nutritive value and degradation kinetics of cassava
ethanol waste by in vitro gas production technique. The experiment was laid out in a 3 x 2 x 3 factorial in
CRD, with 3 replicates. There were 3 experimental factors: factor A) three ratios of cassava ethanol waste to
cassava pulp (100:0, 85:15, and 70:30); factor B) without and with yeast (Saccharomyces cerevisiae) for
fermentation and; factor C) three levels of molasses (0 %, 3 %, and 6 % w/w). There were 18 treatments
combination. The result showed that treatments with the ratio of cassava ethanol waste to cassava pulp
(100:0) fermented with 0 % and 3 % molasses increased crude protein (P<0.01) than other treatments. When
the ratio of the cassava ethanol waste to cassava pulp declined, the crude protein also decreased (P<0.01)
while the gas production potential, in vitro organic matter digestibility, and metabolizable energy increased
(P<0.01). With regard to factor B, it was found that yeast fermentedgroup resulted in an increase of crude
protein (P<0.01). It was also found that yeast fermented group increased the gas production potential
(P<0.05), but not significantly different (P>0.05) inin vitro organic matter digestibility, and metabolizable
energy. As for factor C, the metabolizable energy was not significantly different (P>0.05) when fermented with
3 % and 6 % molasses, but they were higher (P<0.05) than that of 0 %.

Keywords: Cassava ethanol waste and gas production technique
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wardihanuduiunldumsndndundinulugy
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inwnInssuifinumienvesingAuiiagiunldluns
NAALENIUDA WAZNITALEINAINTTUIE Fedinisadia
Tsesuiinanomueatunane uisdwenueadildiie
nau AUt uluudu10 % szlddsTuuialysed
(gasohoUw3enanludadiu 85 % axliingiy E 85 34
dloviun i fudemadusasudaziinnismnlndi
auysainindomdsialudislunisinwdandon
desnniduidemdsithiidames uasiluanaves
sendauiiudinuszneu 35 % Inethmin

drusunisuantoniuealuussmalngarniignasau
#1499 fwiidenthunduingiundnlunssdneniuea
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qmmvmiimé"u qlaganizanamnssunisnanudady
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1¥lsisnn 2 udnsaetu lenaenit Fsavdluan
Ygyuiud Uz nataunain naonauannNITLNINLY
simiiudglsnaednaieannisinsud s nasluly
TUNISHNARLENIUDARINGTD A LALAYINADIN
gramnssndudiuiuinn Jagenin nndudiends
PNAsHARLeNIURalaanNTIgT 1 lnalunsnan eI
U9al00 nlansy sglateniusa 402 4ns
Arsveulaoanlen 32.3 Alansu warlAwlinaealn
AsgUIunITnRdn 32.3 Alansu (Schingoethe, 2006)
n&1s9F (2550) 1891u97 15suiinde  Leniuea
FrotfudUsndafifimanisudn 150,000 ans/Su 9z
Wnfwaisueulnesnledusezunns 100-120 du/3u 9
waaeey (Fusel oil) 300 - 600 Fiu/Tu wagninsdu
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dgndanmsndnieniuea 30 — 40 A/ gigan
WaEI3IMUS (2552) lavinnsiasneioadusenaunia
il wud Tinguiis, Wsduneiy, led, Woley, 187
wazlulnsiaunsidnunsnd windu 25.08, 7.27, 1.07,
3572, 12.94 waz 43.00 % AIUAIHU F9d11150
vunldduemsiassdasly Tnsanizedadsludns
L?ﬁyml,ﬁyml,ﬁaw'mﬁl,?jaiaqﬂ ag9lsAmuagiiuladn
mﬂﬁuﬁmwﬁqmﬂmmamLamuaaﬁmm%uqa \ile
fel¥aviRamswndsld duiunsanunisidevrde
Y03 ud1UEnAINNNSHARLENIUDALABN SN NAY
mninadaduingivemsdnifdndsnugs saui
fadiloraslunszurumsuiinazannsauiiugadmg
Tnwugld ogulsinulunsfinnsandenliingiuiile
1hanUseneutluemsdmisndudamsuesdusenau
nalaguy Laganuausalunisleusslovilanou
A8n19iaNananuia (in vitro gas production
technique) +8u3Sn 15 deufiwamuilag Menke and
Steingass (1988) Hunsinusumsuianiiniusswing
115U (incubation) 81M13A8YOLMAIVINATLNL
wulusyuula seiilesanlunssurunisusinues
QaunIsnelunsemneuuaziinufalu Jufadiu
Tngduufanisusulaeenlen (CO,) uavufausnu
(CHy) USu1msufaf falaasdanuduwusiv
ANELNTaluNSERelATDI@INNT LaTAINEIITUTBY
91713 %’agaﬁlﬁam 3% in vitro gas production
technique Fufufeyanuguildussidugunin
911115(Geatachew et al., 1998)JAGNNUAMUAIVD
915LarAaLdeno Mo tiunas s dnslaa
msfnwiiingusrasdiiiefnwamamisinruy uas
FAUNBAEASNITLDUFAYVRININITUA UL NAIINAS
wAmenuealumsUszendlfifieiduewnslaie

A8AdiunnsIve

1. ASINUHUNITNAADY
lonms@nwuy 3 x 2 x 3 Factorial
arrangement in CRD TnafiUadenaass 3 Uady Ao
U398 A dndiuv09n1nsdud1venasannnig
NanLeNUaRanINtua U nasInsHanl ey 4 3
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Uads B msledad  (Saccharomyces
cerevisiae) Tunsvsin § 2 sveu Ae hiltdaduasly
56(5 (b1, by)

ai
T1 b1 ¢ T7
T2 bi ¢ T8
T3 b1 cs T9
T4 bs 1 T10
T5 b, ¢ T11
T6 b, cs T12

2. 33n15UANNINBNIUGE
MINISUTAAINLENIUDAIINAITHNANT U
Weuds [ASnsuTnnIndud1Uenae anuisnisves

= aa

V3ENA wazamy (2553) FeilamsinIeuiadedad
TnonsumsBad 20 ndu @ndulundmanniilal4dad)
naNtinnanse 40 ndu avaneluth 200 Sadans e
15 10 Wil wisuemsiaesdas Tngldnniiana 500
Ny uagyl3e 400 N3 avaneluih 10 dns Yhde
far wazomsiasdarumanliidn iy Ttuaudiody
sonTaudunan 1 9919 Y15 1nasuudIURENTeININ
LONIUDAATUNIALUUARII)T1UIU 60 AlanTu LAu
nmnthaasiuiy 1.8 Alandy uay 3.6 Alandulunda
wudldnniiana 3 uaz 6 % muddy nawlidny
mndunudlagainfideuru 2 4u geaz 20 Alandunie

v v
o a

wdag3 g9 (3 91) faliluna 14 Su

Doy

Gl
d

3, SumBUNSANYIRAMERINISKAALRE
U1629819401NLONI10UAIINAITHAN LU
duzudsitriiunisuiin 14 $u leuliusiefigumgd
60°C \Huiaan 48 Falue drnuaRIunzLATIUIN 1
fiodiuns ntuihnisusssiedemaiiniin 0.2
nSuasluvindnduuuin 50 faddns walvinnisuuly
é’aULLﬁaﬁ 39°CLﬁaiamSUﬁ@miazawwaﬂmmmﬂ
NN LUUHAN
WIIUYDAUMAIVINNTLNIZTINY (rumen
fluid) Imﬂii’ﬁﬂLﬁaqﬂwauﬁmﬁmﬁmﬁmaﬁa 250
Alansusiuau 2 67 Maoeiieemstuiuay 05 %
vesmiing wazlvivgandueimsneu lngliau
wuuiadl (ad libitum) AiugeumnaInnnsTnIzgay
vpslannasslaeld stomach tube @onar1UaDN
2IMIUEINATBINAININNTEINTIUlAETY vacuum
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tJasy C mskonindiena I 3 syeu A 0, 3
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Toewaudu Treatment combination asall Ag

a2 as
T oo T13 Cbia
b1 o T14 b1 o
b1 c3 T15 b1 c3
b ¢t T16 b, c1
by o T17 by o
b, c3 T18 b, c3

pump NtuthaNTesHILYIU uiguTigang
39°Cwiousaniurianfianisuaulaeanled (@seann
Trindneiulunszinizgsuanniian) Wesetwauiy
asavansinanefienfindoulinnuisnisves Menke
and Steingass (1988) ¥11N15U53981502A18V0UMAT
MnnszmzguNan neldaniylieendiauluvind
UTIYINRAUMINARRY VINaE 30 Jadans Nty
didundigeufouuiaiiguugil 39°C Lilevinnnsia
JSurawna (Menke et al, 1979; Menke and
Steingass, 1988)

3. nmaiudaya

Ansiviiesdusznauniuall lneguifiv
fegrsovslundazyEamud olnsizyiv aquits
(dry matter, DM), 181 (ash), lUs@une1u (crude
protein, CP), lasiusau (ether extract, EE) #1133
11A557U AOAC (1980) wazvudels NDF (neutral
detergent fiber), violy ADF (acid detergent fiber,
ADF) waganilu (acid detergent lignin, ADL) #1338
284 Georing and Van Soest (1970) Uufinwananuia
TngantufinUsunsveianiniu ludlued 1,3, 6,
12, 24, 48 LLasqmﬁwv‘hﬂﬁﬁ'uﬁﬂ‘ﬁ"ﬂmﬁ 72 11A7
HaNAALAET LA UMIAIAT a, b Ay c Iaenisle
Wsunsudnusagufit curve \en1seSurseaunarans
0INSHARLAE AUlULAANTDLUUIIABIENNTITVD
grskov and McDonald (1979) fadi

Volume 13 Number 2 July - December 2016

y = a+b [1-Exp™]
e y = WANAAWAATILAATU o 180 t
= AndALAY y
2FEIINYATNIZITO
169



b = Asuauwia s nasiiiloUdesli
amsgndeslaglidrrianie (asymptote)
C = AERTINITHAALAE

ndan1sundalusdt 24 uay 48 udazvads vin
nmsduringesluusiazdadonisnaaeseenuntdadenis
vaasdar 2 ¥In duiBuriuiiigamgi -20°C il
NYANINTTNVDIAUNTY KaLIONITIATIBNN1ENST
Wovhmnsgilithesnanduduisdoslviazane
vinnsnseaevesudsiimieainnisdes dildeud

a

aunnd 105°Cilutian 12 921us wazualuwman

9 Y
a

gaumnil 550°Csreziian 3 la Lﬁaﬁmﬁmql,l,ﬁmaz
Whimdeanmstesluvhnsaamaruaunsaly
nsdgoelavedinguiia (in vitro dry matter
digestibility : IVOMD) wazdunsedng (in vitro

organic matter digestibility: IVOMD) f4in13

[hwiinInguiasuau-dmtinInguinimaendnisul]

IVDMD (%) = - X100
iniininguiiasuau
[dhniindunie Tnqiusu-imiindunie Sngiivdendsnisua]
IVOMD (%) = X 100

umnduvseingsudu

Uszifuaindearuildusslovdls
(Metabolizable energy, ME) TulAagniniuug 210
nananuialudalusdl 24 muaunsiusAmMEsud
TUseTomildves Menke et al. (1979) il

ME (MJ/kg DM) = 2.20 + (0.136 x Gv) +
(0.0057 x % CP) + (0.00029 x % EE)

' P
ada =

oy Gv = Usuauwfagnsinevulu 24
Fue @adansmeuvinvasn ndua I ULnaaaInnIg
NAALEYIUDATLN) ANUINAINFUNTAIL

GV (ml) = (V24 - Vo - Gpo) x 200 x [(Fh +

Fo) / 2]
We Vo = Ysunawdanindunauuy
V24 = USuaunnaninuunglae 24

' ¥
a a

GPo = Anadsveiaiiintulunaendludl
awnsidalued 24

Fh = 44.16 / (GPh - Gpo); roughage
correction factor

Fc = 62.60 / (GPc - Gpo); concentrate
correction factor

Uil 13 aduil 2 nsngau - Fuau 2559

GPh = AAYNY890IMIHeU AAvinnu 47
GPc = ANASTIY89819159U LAWYINAU 68
w = dwdndegaduliadniuinguii

4. PFIATIZANGEDR

YdayauTATERANILUTUTIUAUUNLNS
naanafianneld waziddoufisununnnm1esenang
Aade 19833 Duncan’s Multiple Range Test (Steel
and Torrie, 1980)

NawarITaiNanIsIY

NNITAATIENBIAUTTNOUNIUATIVBININLG
nueadIndudends nudr $Tnquiis WeRuneu
dole Loy wazidn winiu 23.56, 9.72, 2.44, 36.53,
1.44 uay 11.68 % anuanu Inawfeariu g waen
FIUG (2552) fseeui Tnquita, TUshn, Tody, o
T8, 161 warlulnsaunSionunsnd winiu 25.08, 7.27,
1.07, 35.72, 12.94 uag 43.00 % ANUE1AUAN Y1
(2553)51891U91 AMnentueaInud s ndadling
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Wi¥e 25.10 % 18ele 31.46 - 38.44 % LUTAW 6.79 - ViU 21.83, 9.83, 2.44, 45.64, 2621, 4.45 wa ¥

7.29 % lagdiu 0.91 - 1.37 % wazidiiliazaislunsn 11.98 % sua1eu annsAnwluasitifleninn1sun
7.50 - 12.42 % warlnendnh wasamy (2557) ¥4 nnenueanIunIaduda1e Wunan 14 5 wuin
3189131 MnenIueaINdudUsnas nuii 17ng Tugesnldfinsuninudeiu lddinsldgad

wite TUsAu Tosiu L8ale NDF 1@ale ADF Anflu wagian

Table 1 Chemical composition of cassava ethanol waste

ltem DM cp CF EE Ash
% DM
CPE! 23.56 9.72 36.53 1.44 11.68
T1(alblcl)? 23.01° 14.83 ¢ 38.77° 1.08" 15.09 "8
T2 (alblc2) 23.05% 11.20 et 34.01 5P 1.06¢ 14.55 AP
T3 (alblc3) 23.06" 12.76 EF6 34,04 5P 1.14%¢ 14,28 #BCCE
T4 (alb2cl) 19.45°8 22.204 37.225P 1.21% 15.028
T5 (alb2c2) 19.78°8 22364 35.42 8P 1.27° 15.264
T6 (alb2c3) 20.44° 18.31°8 33,5485 1.24° 13,52 CDEFG
T7 (a2blcl) 19.21°8 12.95 DEF6 a6.11* 1.18%¢ 14.77"8¢
T8 (a2blc2) 17.68°¢ 10.44 FeH 36.11 5P 1.26° 13,82 BCDFF
T9 (a2b1c3) 13.20°F 10.72 "6 38.00 & 1.21% 13.10 e
T10 (a2b2cl) 11.28" 17.03 5 46.11" 1.26° 13.90 BPFF
T11 (a2b2c2) 12.49 12.49 38.10 1.25° 12.98
T12 (a2b2c3) 13.64 % 15.37 5P 3352 8P 1.27° 13.29 DEFGH
T13 (a3blcl) 11.26F 10.23 %1 36.00 5P 1.25° 12.45 "
T14 (a3blc2) 12.84°F 9.02" 34.33 5P 1.23% 11.58'
T15 (a3b1c3) 14.82° 9.20" 31.80"F 1.27° 12.19 M
T16 (a3b2cl) 23.05" 13.42PFF¢ 38.56°8 1.23% 1221 M
T17 (a3b2c2) 14.71° 14.79 P 32.63FP 1.27°2 11.30'
T18 (a3b2c3) 14.66° 13.70 O 27.04° 1.22% 12.34 61
P_
Val <0.01 <0.01 <0.01 0.05 <0.01
alue

SEM 0.47 1.02 1.68 0.05 0.39
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EFGHI
ABCDEFG Val

ue on the same column with different superscripts differed (P<0.01)

¢ value on the same column with different superscripts differed (P<0.05)

'CPE = Cassava pulp from ethanol production

“Treatment combinations : Factor A = cassava pulp from ethanol production : cassava pulp (100:0 (a1), 85:15

(a2) and70:30 (as)), Factor B = yeast fermented (no used (b;) and use (b2)) and Factor C = molasses (0 % (cy), 3

% (c2) and 6 9% (c3))

nntena (T1) fnquits Wi iBele lusu
uagLlan Wity 23.01, 14.83, 38.77, 1.08 wag 15.09 %
EIRU (1131971 1) Beazidiulddn Uinalusiugady
o1 dunsy ianszuIumsmTn wazn1sdansizi
\waduesBad uazgdun3dduy Adeglunmniudiuznds
INNSHNANLENIUBA I1NNITANYIVBINTIUAN (2545)
U3 lumndudivendsliadunsdsssumanguua
ARALBTA wuATSea1dEaLY Yenaniannsane
FanuIn mﬂLawmaawﬁalugmﬁﬁmwﬁﬂé’w%xﬁ
warldmniinia 3 uaz 6 % fUTualusiuganin
(P<0.01) nguduq (22.20 uay 2236 % Auddu) fa
wandlunnsnait 1 TngUSinalusiuidiatudunann
MUV OITEA LLaqu%'aﬁLﬁuaahJ &3 Boonnop et
al. (2009) lavinn1sudnwatud1usnasnle8an s,
cerevisiaewaz g3y 0.5 % Uuian 5 Tu wudn seeu
TWsfuneruindudu 21.1 % Insdemduldsiuud
18.9 % wazlulasauiililalusiiu 2.2 % aenndosiu
Kaewwongsa et al. (2011) fisie91u31 nrsudnnngiu
dusnaamineedan S. cerevisiaednuwiu 5 N3N LaSy
MegLsy 10 % wazmntinia 1.25 %usinduran 5
Su @nsasiuszaulusiiuein 9.0 % o u 26.4 % lag
Aofulusiuund 24.7% wazlulnsiaudldlelusiy
1.7%

asrUsznaumaaiilunineniueaniniile
wenifusedady (151991 2) wudn Weandadaunin
JudrUgudsainnisndnteniueaseninud ey
d1gndaadu100:.0, 85:15 way 70:30 Anavinliiing
wite WUsAUne U wagananas (P<0.01) avnansly

A1519% 2 InedaTusauminfy 16.82, 13.92 uay
11.73 % a1ud1du eusualdsiufianandunann
inUSinalusiuiidlunnutaduy adie wazanayyn
(2559) 5189771 nnnteiudrugnastlusau winnu
1.83% fatunisiiudadiuvesninudatud wialy
Usualusiuanas Uadelunmsliledas waznisladan
Tunsudn wuan msleanlunsudndnarinlausunu
WsAugsningudilailddad (P<0.01) (17.13 % fu
11.18 %) wazlvsiulunauiliBadlunsudindiuiunags
ninguitlailéBast (P<0.05) (1.25 % fu 1.19 %) iail
a1 dumsiznmsinukazveeiuguedad luead
gaaziiuTunalusiugs FeaouiseInemansuas
waluladuvsuseinalng (2559) s1991u71 Tudad
UsznaudaeTusiu 40 - 50% vastmdnude ludqy
gpansldmntimnalunisusin wuii mslénndiaia
fiszdu 0, 3 waz 6 % Snaviliusunaioloanas u
Lifinadeluiu walusiu wmgilfidolanauied
syureInInimaiuty eradunsizluninena
woadianulunsamafu 4.17 (3599ug wavaus,
2551) Wavhnsudnliidunan 14 Su nsadsnanasd
nsteaatdole delunszuiunIsHARENILeaIN
‘quﬁuﬂssmvlL?J‘almzﬁaﬂﬁwmaﬁuﬁzmamﬁagiaa
wazigiligaglaaneumiensndania viensalalasaae
3a Mnuswhmstesseiad (1sdnwel, 2556) el
n1siuningnnaasluagilidadorvinliiingg
Wi iuineg19samsa warinaslddiniasnn
MnanaLazihnaigosaanefusTAensn

Table 2 Chemical composition of cassava ethanol waste fermented by factor effects

CEP:CP (A) yeast (B) molasses (C) P-value
100:0 85:15 70:30 - + 0 6 A B C A*B A*C B*C A*B*C
Chemical composition (%)
DM 21.46" 14.58° 13.88¢ 17.57 15.72 16.49 16.64 <0.01 0.01 0.97 <0.01 <0.01 0.67 <0.01
U 13 adun 2 n3nAx - SuAu 2559 21FENTINYATNTZITO
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16.824 13.928 11.73¢ 11.18° 17.13% 14.99

35.50° 39.66 % 33.39° 36.58 35.79 40.46"
1.17° 1.24° 1.25° 1.19° 1.25° 1.20
Ash 14.62* 13.645 12.01¢ 13.54 13.32 13.91

13.34 <0.01  <0.01 0.51 0.01 0.61 0.03
32.99°¢ <0.01 0.58 <0.01 0.01 <0.01 <0.01
1.23 0.02 0.01 0.70 <0.01 0.33 0.21

13.12 <0.01 0.55 0.17 <0.01 <0.01 0.56

<0.01

0.05

<0.01

"< Value on the same column with different superscripts differed (P<0.01)

2 value on the same column with different superscripts differed (P<0.05)

A = cassava ethanol waste : cassava pulp (100:0, 85:15 and70:30); B = yeast fermented (without and with); C = molasses (0, 3

and 6 %)

ATAUNAANARSNISHARLAFUDININT U
dUsndinnisuanieniueaniin uandlunsed 3
Tae A1 a YsuendaSunauiaiintulunsdesaans
pafUsznouitaunsaazarslutinlg A1 b Ysuends
ANYNINNNTYDUAANYYBIDINIT AT C UIUDNDY BRI
msnanuialagiadonannszuziiain1sndnueoImIs
warA1 d Usuenie Angn1nlunisnantiaueaninis
nmsAnwIMUI a1 a lunsawudilddnsldningy
dlendamindanduniniinia 3 uay 6% wavnin
wuARdnsldnnifudusuds 15% winaaedan
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Table 3 Fermentation kinetics of cassava ethanol waste fermented

ltern a (ml) b (ml) c(%/hr)  d(my) 2VDMD(%)  °IVOMD(%)  “ME(MJ)
T1  Yalblcl) 083  4254° 1.117° 43.81°" 59.19"%¢ 77.39 6.78" "
T2 (alblc2) 2.54" 4369°  0.083° 46.23 "¢ 58.52 "5 79.96 P 6.98FF¢"
T3 (alblc3) 2.80" 42.47° 0.090° 45.27%" 58.07"¢ 78.32%F 6.94P5CH
T4 (alb2cl) -0.96%P 4272%  0.087"° 43,67 64.82" 77.96 6.56"

T5  (alb2c2) -0.42° 42.92° 0.087° 4334 57.98"% 78.13% 6.63°F
T6  (alb2c3) -0.19° 41.82°  0.097% 42.24F 61.39 " 82.41 " g 96PN
T7  (a2blcl) -0.50° 4455  0.090° 45,05 4763 80.00%FF 6.74™"
T8  (a2blc2) 178" 4758  0.087° 49.36 46.48° 78.29 P 7.28F
T9  (a2blc3) 0.27° 42.80° 0.117° 44.31%" 52,775 81.23%PF .65
T10  (a2b2cl) -317°F 4789 0.100% 51.0% 58.00 "5 82.82 "5 6.89¢"
Tl  (a2b2c2) -2.76F 50.74F  0.103% 53,51 60.70"® 82.23M8PE 724K
T12  (a2b2c3) 2.28%  4952%  0.107%® 51.80 °* 65.23" 83.04 "¢ 7.20°%F
T13  (a3blcl) -2.19F 53.11%¢  0.120° 56.30°% 60.01"® 85.23"® 7.475P
T4 (a3blc2) -1.96”  60.17%  0.100%° 62.14* 61.27"° 82.67 8P 8.21"
T15  (a3blc3) -0.945P 53255 0097 54.24° 66.34" 81.33%PF 7635
Ti6  (a3b2cl) 2198 5126 0.100% 53.24 P 58.55 A& 81.59 ABPFF 7 3qPE
T17  (a3b2c2) 223 56.16° 0.103 % 58.40° 67.94" 84.86"" 7.87"%
T18  (a3b2c3) -0.07° 48.49% 0103 48.76 66.38" 85.88" 7.14PF¢
P-Value <0.01 <0.01 0.04 <0.01 0.01 <0.01 <0.01
SEM 0.46 1.12 0.01 1.09 3.53 1.34 0.16

EFGH
ABCDEFGH \ /5|

ue on the same column with different superscripts differed (P<0.01)

¢ value on the same column with different superscripts differed (P<0.05)

Treatment combinations : Factor A = cassava ethanol waste : cassava pulp (100:0 (a1), 85:15 (az) and70:30
(a3)), Factor B = yeast fermented (without (b;) and with (b)) and Factor C = molasses (0 % (c1), 3 % (c2) and 6

% (c3))

2 IVDMD = in vitro dry matter digestibility

* IVOMD = in vitro organic matter digestibility

* ME = Metabolizable energy

Table 4 Fermentation kinetics ofcassava ethanol wastefermented by factor effects

[tem CEP:CP (A) yeast (B) molasses (C) P-value
100:0 85:15 70:30 + 0 3 6 A B C A*B A*C B*C A*B*C
Gas Production
U 13 adun 2 n3nAx - SuAu 2559 21FENTINYATNTZITO
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a, ml

b, ml

c, %/hr

d, ml
'DMD, %
VOMD,%

°ME, MJ

0.50* -1.11° -1.73° 17.57 15.72 16.49
42.69°  a7.18° 53,74 11.18%  17.13* 14.99
0.09 0.10 0.10 36.58 3579  40.46"
44.09°  49.18° 5551 1.19° 1.25° 1.20
59.99" 5513 63.41"  5670°  6233" 58.03
7903 81.27° 83.59" 80.49 82.10 80.83
6.82° 7.00° 7.61* 7.20 7.09 6.98"°

16.81
14.14
35.10°
1.22
58.82
81.02

7.37°

16.64 <0.01 0.10 0.97 <0.01  <0.01 <0.01
13.34 <0.01 <0.01 0.51 <0.01  <0.01 0.42
32.99°¢ <0.01 0.58 <0.01 0.32 0.07 0.17

1.23 0.02 0.01 0.70 <0.01  <0.01 0.36
61.69 <0.01 0.01 0.33 <0.01 0.02 0.08
82.03 <0.01 0.06 0.49 <0.01  <0.01 0.17
7.09% <0.01 0.44 0.04 <0.01 0.19 <0.01

<0.01
<0.01
0.04

<0.01
0.01
<0.01

<0.01

"< Value on the same column with different superscripts differed (P<0.01)

2 value on the same column with different superscripts differed (P<0.05)

L IVDMD = in vitro dry matter digestibility
2 VOMD = in vitro organic matter digestibility
®> ME = Metabolizable energy

A = cassava ethanol waste : cassava pulp (100:0, 85:15 and70:30); B = yeast fermented (without and with);C = molasses (0, 3

and 6 %)
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