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ABSTRACT: The objective of this experiment was to investigate the effects of yeast treated malted-corn as energy
source in total mixed rations (TMR) on rumen degradability and metabolizable energy by using in vitro gas production
technique. This experiment was arranged in completely randomized design (CRD) including four TMR, three
replications which diets which different in energy sources 4 TMR as followed: ground corn (Control), yeasts fermented
with steamed corn (YSQ), yeasts fermented fresh with malted-cormn (YFMC) and yeasts fermented with dry malted-
corn (YDMQ). The results showed that ensiling of steamed and malted corn with yeast were increased protein and
gross energy content. Using yeast treated steamed and malted corn in diet had trends to higher organic matter
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digestibility (P=0.09) and metabolizable energy (P=0.06). Kinetic gas production in a fraction of insoluble fraction,
potential extent of gas production and cumulative gas production were significantly increased P<0.05) and also
increased SCFA (P<0.05) with trend to higher total volatile fatty acid and acetic (P=0.09) when using yeast treated
steamed and malted corns in diet. The study suggested that ensiling of steamed and malted corns with yeast for
use as an energy source in TMR silage is the way to increase the efficiency of feed utilization and ruminal
fermentation.

Keywords: malted corn; Yeast; TMR; In vitro gas technique

umin
Frlnnensdaiduingiundnlunisusznevgasenmsdnd Tuluingividuundmdsnu dansdesldves
lnwuz (total digestible nutrients; TON) Usgangy 70-80 wWasidus wariilusfiusiudszann 8 Wesdud (nsuadnd, 2551;

v ¢

NRC, 2000) aehdlsfimy faudfinudatnlnnemnsdmissduiitonlunsianléduingiuemslimdsnuluomsdns us
Tunsilfifudmdanludnifondosiudiidesinegtne naniednlnadsninisgesanelunsemzgunligenn
tuazsufiifesfaveansdesrnioulsdiinannniuseusasiemaduomsiaiissnuiatninnewnsdniiudle
wiudrazdanuudauazdsenoudeiinudaiivuasudaseiliferumunusienisdesianmigesangaunislu
nsziwnzguatluviemaiueimns wasilethunldlugasemsiazdsualiinistesvesensanassuientu ansieny
489 Owens and Zinn (2005) wu31 Msgegldvasininalunszinzguuiiiies 68.3 Wesidud uaznsdesldsiunasavie
MaiuemsLiies 85.0-90.6 Woldud Jsaenadesiusonuues Sommart (1998) finudn mslddninaduumdmdanu
Tugmsomnslutinageiinasionisgesaaslunsyimzsundinn Wunaanlusiuasindeuiindouegiiiivewudndiolne

o
a v

annamsldtnalnalugnsems e1vviliiinUsednsamnisgesaaeuddunseinesiauni Jedamansenunanisnge

a

PAuniflusfuuaznistoslduesarmslngsan (McNiven et al,, 1994) fafunisusuugsnmninvasdilnasludu
asfUsznaumaaiinagnistesldmesinlnadaduwumsfasfulsyansnmmslivsdlesivosemsludniiedesls
F1lwnusadidunisufusdrilnelnenisvdsusuvesuddiegluguvenihnmauasiussdulusiuannisiones
Augou ImEJWU’jWSi’J’nIWmuaaéﬁszﬁuﬁwmaqqLLazﬁiﬂsauLﬁwﬁumﬂ 8 Weosduddu 10 Wesdwd (Insgny wazan, 2562)
wardinenuinsliveadiduingiuesuluomsannsofiuussansnmnisdesls uaznislinanaminslulauulids 2.5
wWasidus (Biagi et al., 2007) uaﬂﬁ]’1mfué’&wui’]mWﬂﬂi’mqaummiwﬁwmimﬁ’uLs?juaﬁaﬁ viﬂﬁﬂ'%mmiﬂiﬁuﬁqﬁuuaz
a'qmaﬁﬂﬁﬂ'wmssﬁaalélﬁmqﬁulﬁé‘m (Krisada et al., 2009) @onAd03UTI891UYBI Khampa (2006) 518971177 melde

C]

fasmindmduiuduamnsndussilsiuldussdotlulfduemaaiudeda dwalinsdosldgedu fequanifves
faduazionannsoliyiFodumdsdulnaouldd esnBaduasdenamsalivsslovinngFelunaaiadulnld
Anduenludeuvoaun Tuluuarlawouluidemoaa wosludesluaiveun uesludeuminsm ndeyadosiuuans
Tduinnssaatnlnelugivesininaueaduasvidonsudndnineusadviingaduraztifinssiulusiusasnseoslalu

a

Flnawazudaiotunldiduinafvlueimsdnivalraiunsadananseni seeulaluvesemisla dalunsaneaseis

q

[ 1

TngusvasAiiiofnwinaresnisldiudadiinaiunisuusaninimenssuddaiiuiduramdsnugasemanandnsa se

UsgdvBnmnisteaaieainveavallunssinig s wasnsiiuduveandsnuiliusslomila

ad =
A5n15AnNWI
= < v = < v ¢ ¢ v v ¢
NSLAsEUUANT1INATS WaAT1I INANDaREALAZ N ARLININEHA
1. NSV BEaR S. cerevisae UL BEAANS S. cerevisae 31U 10 NSY ava1gudlvide luaande1Un
PNTUINISHLAINTIANE 100 A3u saudukte 150 ndu andudndildasu 1,000 Tadans wavvinnsuaulmduie

= Y o a a < v o v - ] o vy 9 S @
WAL UUUNERBNTLAUIUIALEN 1‘1/11/11‘1/114’1‘1/1@14 Miai“mquﬂﬂmuﬂu Vlﬂl’)ﬂi?jlmm 1 GU'ﬂll\‘i NUUNINITUIU pH U9



WALLAYAT 49 aTUT 5: 1080-1091 (2564)./doi:10.14456/kaj.2021.00. 1082

ansidgadelieglutig 3.5-4.5 lngldnsadanin (H,SO,) wWudu Ynedls Wieasu 3 Tu (Useana, 2553) vnnsidan i
wiingas ihdadluinseinSinagad newhwldlunsudnsuiuininaueaduasdnlnatanvdingad
d % =t
2. nMswsendadlnatlan
Tngnsdnudatrilnaiuddindedadudilnadedniiivgndu Tluwaiiui fwiaiig swiseuiuniswds

anmudatnlnabiegluanimiuuiadnlnedgn lnednudadlnauudunludnsdiu 1 e 1 lnedmin sy 12

'
=

Flug Mntdudhdadninanianiigamgil 150 ssrnwades WWuan 30 wifl Weasuszezanmsiawdnhdninada

9 Y
v v

Aadleanauiou 9ndunagnivimereiadesad lushsdau 2 Wedidud mwu3Snsves Thongnum (2018) in1s
wifnludmtniduszesna 14 Yu nnduhumiliuidesnsfunnduszesna 48 Falusreuiluovlugeuanufoui
gt 60 sarniwaldea Wusveznan 48 Mlusnewhlulilunsmeaes

3. nswdndralnaueasdanvsin uazdnlnanoaduiain fduneudal iFuannt st rlnaanddiazenn
uazueniudnneeenanudeditinlnesase antuiaioszesindveandn (steeping) Tnsnis udtiifussozim 6

o a

il Wemsuszezanihwaatilneadigiuneunsvilisen (germination) fswanadin vuna 250 &ns lnenistdnszaeu

Uuiifmnatusesiiu uaviwdadnilneunanasiinsyae Wudu 9 andulardamaadin fliszana 72 $alus e
AsUsEEZLAfifuadainaeadfivenfuduiadu 2 dm dndl 1 dhuwdatnlneueadannin lneviueadanuivin
suiuadetaduens lnsnsinidetasiivenslusnsdin 2 Weddus au3anisues Thongnum (2018) vhmsusinluds
yifnifusrezing 14 Yu rnduhsshliuidesmstiusaduszeznm a8 dalusrowhlvevlugouarieuiigumgd 60
ssrgadea Wuszesiaan 48 Falusnoutiluldlunisneaes dadl 2 dndaseaduiminlaetiudad et
nszuIumsten (nlwaseadan) sviliuidaenisisunnduszezinan 48 Hlusieutilusvlugeunmouiigamgil 60
ssmwadea Wusrernan 48 Haluanswhuvinsauiuindadfiniunssuaunsvenelnenaudedasvensludndu
(@Fnlnaueaduis 100 Alansu se Fudevens 2 Alandu tila 80 Alansu) Tneuiadlvideudu 50-60 Wedidus vh
nsussastudanin Wuszezioan 14 Tu ntuhuiluidasmsisanduszerig 48 Hlusrouthlueulugeuni

Soufloamnll 60 asmwadua Wuszeziia 48 Pilunewiluldlunisveass

N1IINUNUNITNARDILATEATO M TNARDY
NuUNAFBIATIHINTMUHUNIaaslagldunun1saaeawuuduaNysal (Completely Randomized Design,

CRD) nnapsnseildgnsomisuauduemsnandiia (total mixed ration, TMR) ld8nsdruemsduneemisvenu

a

40:60 nefinsldwdatnlnauusanimlugnsens saudunsldusdnnduwnasemismeny daduvesingivlugns

4
< s

91111510884 Table 1 Awingnsomnshilianuiui 50-60 wWosidud uariilusfiusan Uszunas 15 1Wesidud gnsenmns

U

7AADILNAINS I ULANAIY F1ad)

1%

VINUUAT 1 13lnassun (NGUAIUAL)

I3 [

PSTUUAN 2 Lmamsmiwmﬁﬂqmﬁﬂﬁaﬁ (Yeast fermented with streamed corn; YSC)

@ v

PINUUAT 3 wand I neueananveindan (Yeast fermented with fresh malted corn; YFMC)

MINUUAT 4 wandnlnaueaduiavingas (Yeast fermented with dry malted cormn; YDMC)



KHON KAEN AGRICULTURE JOURNAL 49 (5): 1080-1091 (2021)./doi:10.14456/kaj.2021.00. 1083

Table 1 Ingredients and composition of total mixed ration used in the experiment (% on DM basis.)

Treatment
ltems

(Kg/100 Keg)
Rice straw 60
Corn meal 7.0
Corn dust 8.0
Rice bran 3.0
Soybean meal 14.5
Urea 2.1
Molasses 4.0
Di-calcium phosphate 0.7
Salt 0.35
Premixed 0.35
Total 100
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Table 2 Chemical composition of modified cormn with yeast

Diets (%)
Items Corn Steam corn- Fresh malt- Dry malt-
yeast yeast yeast
Dry matter, DM (%) 90.60 54.78 61.56 52.50
% of DM
Protein 8.44 11.59 10.85 10.13
Crude fiber 3.65 3.56 3.50 3.59
Fat 4.95 3.45 3.06 3.59
Ash 1.62 1.65 0.81 0.89
Gross energy, GE (Mcal/kg DM) 3.70 3.98 3.87 4.18
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Table 3 Effects of modified malt yeast on physical assessment of total mixed ration silages.

Treatment
ltems Control YSC YFMC YDMC SEM P-value
Smell (12 score) 8.89 8.93 8.93 8.93 0.63 1.00
Texture crops of 273 274 2.64 2,77 0.24 0.98
fermentation (4 score)
Color (3 score) 2.02 2.00 2.02 2.10 0.07 0.95
Total score (19 score) 13.65 13.68 13.58 13.76 0.49 0.99

Score level: 15 -19 = excellent, 6 - 14 = good, 5 = medium

YSC = yeast fermented with steamed corn, YFCM = yeast fermented with fresh malted corn, YFDM = yeast fermented with dry

malted corn
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¥ ¥,
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Table 4 Effects of modified malt yeast on chemical composition

Treatment
ltems SEM P-value
Control YSC YFMC YDMC
pH 6.30° 5.63° 5.53° 5.43° 0.30 0.02
Dry matter, DM (%) 60.88° 53.65° 51.29° 57.41° 3.16 0.01
%DM
Crude protein,% 15.07 15.70 15.53 15.11 0.54 0.16
ADF,% 24.93 19.03 24.08 19.17 9.67 0.08
NDF,% 43.17 37.36 36.99 38.19 3.99 0.06
Ash,% 5.80° 4.10° 3.51° 3.57° 0.52 0.01
Gross energy, (Mcalkg DM) 4.19° 4.10° 3.97° 3.90° 0.06 0.01

b Means with different superscript in row are significantly different (P<0.05)
YSC = yeast fermented with steamed corn, YFCM = yeast fermented with fresh malted corn, YFDM = yeast fermented with dry
malted corn, NDF = neutral detergent fiber, ADF = acid detergent fiber
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wandnvesnsaluumedulunssimezanld (P<0.05) 1N 1891UT0s UNWA LazALE (2556) WudinsifissednBninns
Tselonivosingiuonmsdnilnensusngauiudad Suavilsiusyavsammstesligeiu sufanmsihdvinalusuuead
wnideadnidesnahlviszansamnslivsrlonilfuasnistosldvesemsgeiusufidmanouiinamanani fiugedude

(Biagi et al., 2007)
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Table 5 Effects of modified malt yeast on in vitro dry matter digestibility, in vitro organic matter digestibility,

metaboliazble energy, OM digestibility and Short chain fatty acid concentration

[tems Control YSC YFMC YDMC SEM P-value

In vitro dry matter digestibility (IVDMD)
24 h. 42.10 43.10 42.04 42.01 0.28 0.99
48 h. 43.24 43.10 43.00 43.00 0.31 0.98

In vitro organic matter digestibility (IVOMD)

24 h. 48.69 47.88 47.43 47.31 0.63 0.38
48 h. 39.30 39.22 39.18 39.11 0.62 0.44
Metabolizable energy, ME, MJ/Kg DM 6.07 6.73 7.36 6.42 0.31 0.08
Organic matter digestibility (OMD, %) 38.55 41.75 44.23 39.57 1.58 0.06

Short chain fatty acid (SCFA, mol/100mol)
0.28° 0.41° 0.48° 0.36° 0.14 0.02

b Means with different superscripts in row are significant different (P<0.05)
YSC = yeast fermented with steamed corn, YFCM = yeast fermented with fresh malted corn, YFDM = yeast fermented with dry

malted corn

navastlnaneaduingadlugasemsdeUsunamandnuiauazaasansnisndnuia

nsansAnlu (Figure 1) uansUSuiamananuia uazAaamaninisudnuia (Table 6) vosensvnaei 4
gns NUIAn a fie AnnsgesaevesingusdnenIngl e Afluaninnuannsalunistesameiiinainasduseneu
ansnaraetldvesingAue1ms (water soluble) flagsewing -0.20 fis -3.22 fiaddns uarlifinnuunnsreiunaada
(P>0.05) vzl b uazeh d feniudulugnsomnsilddnlnandsanwsautunisuindad (P<0.05) Wewssuifioutugns
pnsmuAx a8 dlsfnuAndnanisuBnuiadauandud ¢ darldunndtsiuszainangy (P>0.05) (Table 6) uonanniy
idefinsanludiuvesuSinunandnuianasnszozinainisiy wuin arwaenadesiuAisamansnisnanuianann Ae
Uinanandnufaidalued 96 fuualtufingedy deldtnghvtninausanimsmiunismingadlugnsems (P<0.05)
(Figure 1) F9rnuanisnaaosiindndafueravssdiulddn anseosldvosgnsommsnaudnfaniininasdangatwilold
fngAvdnlnaudsanmsiudunmindadlugnsenms federndesminingvdnlnausanmis 3 adaiusiiy
nszvumavsinmfudeBadifanuansadsulasaiadelolinaeduasiulammilazansheifiugstu dmayily
\RenszuaumsnsingesegrsnndnihliAnuinamandnufafiganingnsensuaudifaviinilidninasssuan aenndes
fiu Sallam et al. (2007) B9 wifaaddauduiusludauivUnaiaasaufindaldnaonnatmesnisuy wagwis
\wade199ranians TR AuNISron1sgosem1s uenaninavesanslulainniazarsdtouagiauduius v
aruansalunisazansldlunssnzguuiiiiuiu sudansdevaasvedadutiaduddyiiauaumsliusslorives
nsnudmiunsiaigivlavesgaunislunsuime sauiliszmnslunssnesnuiuluasdwavinlfmsges Fia
qﬁué’mi (Nocek and Tamminga, 1991) wenarniudamuinnsulsanmeesdninalununnassnsildidodandaduide
fastailn Saccharomyces cerevisiae anuiludninguanilsiiannsnesuieravesmaiiiniuvessnistoslfidelddnlng
wUsanmlugnsomns denndesiusieauves Dias et al. (2017) stenuinnisasudadsiuduuddusmsaauluaing

wilidamasonisteeliuasnisiulavedlaiingauiiosninainsagesaas NDF lawezdwmalinmstosliuaziulaiiugy



WALLAYAT 49 aTUT 5: 1080-1091 (2564)./doi:10.14456/kaj.2021.00. 1088

wazddutigludiuveimmiinlunszime s liAnanneiuzausieAanssuveqdunid s3uds a1591MsNesad

fedanastonisiiunissyAulavegdunidlunseimnesuu (s, 2533)

Table 6 Effects of modified malt yeast on kinetic gas production

[tems Control YSC YFMC YDMC SEM P-value

Kinetics of gas production

a -0.20 -2.29 3.22 -1.95 0.38 0.07
b 46.48° 78.23° 68.97° 79.86° 0.90 0.02
c 0.05 0.05 0.05 0.04 0.02 0.43
d 47.34° 80.53° 72.19% 81.82° 0.96 0.02
Gas production volume (ml/0.5 g DM)
12 h. 6.30 5.45 4.00 3.93 0.83 0.88
24 h. 11.23 14.93 18.00 12.67 2.66 0.76
48 h. 24.33 33.53 38.03 31.33 2.56 0.36
96 h. 34.50" 53.53° 48.73° 49.47° 1.83 0.03

3¢ Means with different superscripts in row are significant different (P<0.05)
YSC = yeast fermented with steamed corn, YFCM = yeast fermented with fresh malted corn, YFDM = yeast fermented with dry

malted corn
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Figure 1 Accumulative gas production of experimental formula incubated in in vitro gas production technique
YSC = yeast fermented with steamed corn, YFCM = yeast fermented with fresh malted corn, YFDM = yeast

fermented with dry malted corn
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Table 7 Effects of modified malt yeast on rumen fermentation end-product

[tems Control YSC YFMC YDMC SEM P-value

Total of volatile fatty acids, Mmol

24 h. 90.63 99.88 90.38 98.42 5.32 0.32
48 h. 95.12 105.94 99.53 98.08 4.87 0.09

Acetic acid, mol/100 mol

24 h. 67.77 73.41 76.30 70.48 0.87 0.09
48 h. 75.34 76.25 81.01 70.62 0.12 0.12

Propionic acid, mol/100 mol

24 h. 23.00 20.14 18.03 23.10 0.66 0.12
48 h. 18.23 16.69 15.40 21.68 0.76 0.11

Butyric acid, mol/100 mol

24 h. 9.23 6.46 5.67 6.41 0.67 0.32
48 h. 6.40 7.06 3.59 771 0.84 0.41

Acetic acid : Propionic acid

24 h. 4.27 4.15 4.60 4.00 0.14 0.55
48 h. 4.13 4.70 5.40 3.30 0.24 0.11

YSC = yeast fermented with steamed corn, YFCM = yeast fermented with fresh malted corn, YFDM = yeast fermented with dry

malted corn

G

!

nmsfnyilundsiiansoaguld nislétrinausanimlusuresdnineduasdrinauoad nindmiudas
\Wuuvdmdsnunaunutnlnesssunlugnsemnssaudianin fuunlifnihliensdesldvesduriotng amdsenild
Uslomildvasonns uazAinunananvesnsaluduiissmehedanfingdu sudduaviliinsdosldlasnsssndu
9ngamaninissdnufauasuTunuvemandauiafiugdu mndeyadandruandiifiuiinislddninausaninmiin
safuedasiia 3 UnuvdmaRreUsEAnEnmnstopaansvesTaguiauarANTumARINSHARLAARNAT U HA9IN
msenwlupdstlanansaihlufnudislushdnluduues digestion trial was production trial wieiluuselenilunsléidu

o

noAve W Iuaviiulseansannslduselevivesingiuinlnnemnsdniiduidewely



WALLAYAT 49 aTUT 5: 1080-1091 (2564)./doi:10.14456/kaj.2021.00. 1090

AUBUAN

nsAnwITelunsilinaeide veveuamdinnunamuativayun1side (ani.) deinens Alvuaiuayunuide

d

LazvavauANAIYINANIMmAnswarUsENe I Inendemalulagsisusmadiuw U iusdngafieyasigianuily

]
o

msfinwiluiesufuRnsuazsnneanuasaintunsdniiduniveaesinudu) auadeauysalluasail

LANE1581989

lnsgne Swzan, U591 wasy, wazega waelds. 2562. navesn1snawnudalnaningadluemsdiiamanisise
Usgninnnisudanaziuyuriemsvesansyy. Jamiryseaudiyaes. inninerdewmalulagsvuna
AU, W

nsudadnd. 25470, asgILTEMIHinueneemnsEn . TsaiuiuynannsalnsinwasuisUssnalneg, N3anme.

nsuUAERT. 25479, 1ATFINANYDIMITTRININVDINBIIMNMTART. LONA1TATLUEEINBIINIERT. NTUUATHT NTENTINNYAT
WaavnIal, NTUVNY.

nsuUadnd. 2551, aadoanmslasuzvedlailelutsamdlng. nosewnsdad naudadng nszmmanunsuazannsal,
NFANNA.

uwwa quves, 3xiand Wasy wasiandnual ubuviluena. 2556. naresunuazmslHidegdunidronisdesaneues
Waenuaedsdnnlnadesdn lunssmggnmedarndyuarianes. Msasineimansinuns. 44 (1): 31-34.

Usend 1aaniusseil. 2553, MSIWLiagedan. N1AITIUTEI ANLINEATAIEAST UNNINGIREUBULNY, VOULNU.

'
LY N

Q98 Wuzvgs Ty Sundqun was eyasel \Banes. 2561, meUszdiuduvieingiidesls uazndsauiliuselomildues
osranaSaildmduidniduninidesifuudemameuingldmaianandnuta. Msasudununs. 46
(4): 687-698.

1157 2550uAIL. 2533, Tnaumansdn iAo 1aes. MAINE@RImans AusNYRSAERS I IMeISEvULAL, YoULAL.

adusi vines. 2540, N IMNTARILUATOUNITHANLAZNITIANS. AAITTRYITUT ALIZINEAT UNTINENREINBATANERS,
NIUNN.

A.O.A.C. 2000. Association of Official Analytical Chemists International (AOAQ). Official Methods of Analysis. 17th Edition.
AOAC International, Gaithersburg, MD, USA.

Biagi, G., A. Piva., M. Moschini., E. Vezzali, and F.X, Roth. 2007. Performance intestinal microflora, and wall morphology
of weanling pigs fed sodium butyrate. Journal of Animal Science. 85: 1184-1191.

Dias, A. L. G., J. A. Freitas, B. Micai, R. A. Azevedo, L. F. Greco, and J. E. P. Santos. 2017. Effects of supplementing
yeast culture to diets differing in starch content on performance and feeding behavior of dairy cows. Journal
of Dairy Science. 101: 186-200.

Goering, H. K. and P. J. Van Soest. 1970. Forage Fiber Analysis (apparatus, Reagent, Procedures and some Application).
Agric. Handbook. N. 397. ARS, USDA, Washington, D.C.

Harris, L.E., L.C. Kearl, and P.V. Fonnesbeck. 1972 Use of regression equations in predicting availability of energy and
protein. Journal of Animal Science. 35: 658-665.

Khampa, S. and M. Wanapat. 2006. Influences of energy sources and levels supplementation on ruminal

fermentation and microbial protein synthesis in dairy steers. Pakistan Journal of Nutrition. 5: 294-300.



KHON KAEN AGRICULTURE JOURNAL 49 (5): 1080-1091 (2021)./doi:10.14456/kaj.2021.00. 1091

Makkar, H.P., M. Blummel, and K. Becker. 1995. Formation of complexes between polyvinyl pyrrolidones or
polyethylene glycols and tannins, and their implication in gas production and true digestibility in in
vitro techniques. British Journal of Nutrition. 73(6): 897-913.

Mcniven, M. A., M. R. Weisbjerg, and T. Hvelplund. 1994. Influence of roasting or sodium hydroxide treatment of
barley on digestion in lactating cows. Journal of Dairy Science. 78: 1106-1115.

Menke, K. H. and H. Steingass. 1988. Estimation of the energetic feed value obtained from chemical analysis and in
vitro gas production using rumen fluid. Animal Research and Development. 28(1): 7-55.

Nagaraja, T.G., G. Towne, and A.A. Beharka, 1992. Moderation of ruminal fermentation by ciliated protozoa in cattle
fed a highgrain diet. Applied and Environmental Microbiology. 58: 2410-2414.

Nocek, J.E., and S. Tamminga. 1991. Site of digestion of starch in the gastrointestinal tract of Dairy cows and its effect
on milk and composition. Journal of Dairy Science. 74: 3598-3629.

NRC. 2000. National research council Nutrient requirement of beef cattle. 70 th Edition. Academy Press, Washington,
DC.

Owens, F. H. and R. A. Zinn. 2005. Corn grain for cattle: Influence of processing on site and extent of digestion. Proc.
Southwest Nutrition Interhospital Conference. 29: 86-112.

Orskov, E. R. and I. McDonald. 1979. The estimation of protein degradability in the rumen from incubation
measurements weighted according to rate of passage. The Journal of Agricultural Science. 92: 499-503.

Sallam, S. M. A;; M. E. A Nasser; A. M El-Waziry; I. C. S Bueno, and A. L. Abdalla. 2007. Use of an in vitro rumen gas
production technique to evaluate some ruminant feedstuffs. The Journal of Applied Sciences Research. 1:
34-41.

Samuel, M., S. Sagathewan, J. Thomas, and G. Mathen. 1997. An HPLC method for estimation of volatile fatty
acids of ruminal fluid. The Indian Journal of Animal Sciences. 67:805-807.

SAS. 1996. User’s Guide: Statistics, Version 6 Edition. SAS.Inst., Cary, N.C.

Sommart, K. 1998. The Use of Cassava in Ruminant Diets Based on Low Quality Roughages. Ph.D. Dissertation.
University of Newcastle upon Tyne. England, UK

Thongnum, A., P. Khongphetsak, W. Sarkaew, S. Poojit, S. Potirahong and C. Wachirapakorn. 2018. Effects of fiber
feed improvement with urea on chemical composition and kinetic ruminal gas production of both rice straw
and sugar cane top. In: The 7" National Animal Science Conference of Thailand 2018 (NASCoT 2018). 22-24
August 2018. Chiangmai, Thailand.

Van Soest, P. J,, J. B. Robertson, and B. A. Lewis. 1991. Methods for dietary fiber, neutral detergent fibre and non-starch

polysaccharide in relation to animal nutrition. Journal of Dairy Science. 74: 3583-3597.



