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ABSTRACT

Experiment 1 : This study was conducted to determine the effects of roughage
sources in total mixed ration (TMR) and fermented total mixed ration (FTMR) on nutritive
value. Total mixed ration were formulated from difference source of roughage. The
experiment was determined according to 2x4 factorial arrangement in completely
randomized desien (CRD) as First factor was total mixed ration (TMR) and fermented total
mixed ration (FTMR), Second factor 2 was roughage source (rice straw, water convolvulus
straw, mung bean pods and rice straw mixed with rmung bean pods. The results showed that
source of roughage in TMR .The water convolvulus straw as a roughage source in TMR was
lowest in NDF and highest in lignocelluloes (ADF) in TMR. Rice straw as a roughage source in
TMR was highest in NDF than another. In conclusion, source of roughage in TMR had affected
on cellulose and lignocelluloes of TMR. The mung bean pods and mung bean pods mixed
with rice straw as a good recommended for roughage source in TMR. The ensiling TMR did
improve quality of TMR.

Experiment 2 : This study was conducted to determine the effects of roughage
sources in total mixed ration (TMR) and fermented total mixed ration (FTMR) on rumen
digestibility using nylon bag technique. This study was measured in sacco digestibility of two
cannulated Brahman crossbred (2 years old). Treatment were total mixed ration (TMR) and
fermented total mixed ration (FTMR) containing with difference roughage source (rice straw,
water convolvulus straw, mung bean pods and rice straw mixed with mung bean pods. The
results showed that water convolvulus straw, mung bean pods as a roughage source in TMR
were high potential degradability and effective degradability of dry matter and crude protein.
The FTMR was higher potential degradability and effective degradability of dry matter than
TMR. The potential of degradation of crude protein was highest in FIMR. In conclusion, the
mung bean pods and water convolvulus straw could be recommended for roughage source
in TMR. The ensiling TMR can improve quality of TMR and use for feeding management in
ruminant production.

Experiment 3 : This study was conducted to determine the effects of roughage
sources in total mixed ration (TMR) on fermentation kinetics by using in vitro gas production
technique. Total mixed ration were formulated from difference source of roughage. The
experiment was determined according to 2x4 factorial arrangement in completely

randomized design (CRD) as First factor was total mixed ration (TMR) and fermented total



mixed ration (FTMR), Second factor 2 was roughage source (rice straw, water convolvulus
straw, mung bean pods and rice straw mixed with mung bean pods. The results showed that
the roughage sources in TMR had no significant differences (P>0.05) for gas production,
methane, microbial crude protein production (MCP), dry matter degradability (DMD), in vitro
organic matter digestibility (OMD) and short-chain volatile fatty acids (SCFA). The FTMR was
lower on OMD, SCFA and methane than TMR. In conclusion, source of roughage in TMR did
not influence on fermentation kinetics. The mung bean pods and mung bean pods mixed
with rice straw as a good recommended for roughage source in TMR. The ensiling TMR did
improve quality of TMR, although methane production was lower than TMR.

Experiment 4 : This study was conducted to determine the addition of tea seed
extracted in total mixed ration (TMR) of three roughage sources on fermentation kinetics and
methane production. The experiment was determined according to 3x3 factorial
arrangement in completely randomized design (CRD) as factor 1 was roughage source (water
spinach straw (WSS), mung bean pods (MBP) and rice straw mixed with mung bean pods
(RSMBP)) and factor 2 was level of tea seed extracted (0, 3 and 6% of DM). All feed samples
were added with rumen fluid mixed with artificial saliva and incubated in in vitro gas
fermentation for 72 h. The results showed that the roughage sources had no significant
differences (P>0.05) for methane, microbial crude protein production (MCP), dry matter
degradability (DMD). The addition of tea seed extracted decreased (P<0.001) gas production
(b), methane, pH, ammonia nitrogen (NHs-N), in vitro organic matter digestibility (OMD) and
short-chain  volatile fatty acids (SCFA) with increasing tea seed extracted levels. In
conclusion, WSS and MBP as a good of roughage source in TMR and tea seed extracted can

be used not more than 3% of feed, it’s affected on fermentation.

In the finally conclusien, the roughage sources had no significant differences for
rumen fermentation kinetics. The ensiling TMR did improve quality of TMR. The WSS and
MBP as a good of roughage source in TMR because of they are small particle, it's good and
easy to make TMR for small holder farmer in Thailand. Tea seed extracted can be used not

more than 3% of feed, it’s affected on fermentation.
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ADF 71 21% uag NDF 28% (NRC, 1988) uanqanii 1nsavs uasang (2550) wuinmaviinemnseay
asudelisEanE avnsldewnsanluladau wasiunsivldiasnsdesldhlaannauny
waslrdaundialdsenarmsnanasuauminiilowSsuiisuiulingn (aduna uazame 2551)

o o o o YT ' v (% )
witloutunsneulilae Kowsar et al. (2008) M31nsunud29avAwian a9 lnan (40-

1 & U
=

o = H v = ! dy d’i’ 1 1 i 1 s d
60%)lugnsanns TMR vililauuAuldiiau unmsinendes uanmsdeglaliwansaiu Tuvusi
Miller-Cushon and DeVries (2009) ndunwudn nstiisamBuluems TMR (57.6 vs. 47.9% DM)

ylranmsiuld Inswewzidalernuiigaduazudh wazlilfdwasnsideniuveslauuiay

ar &

2.3 NAYRIITNISHANASUEIUABENTIOULNITHARER

msldenduizsamdudiulsenauansnaunsudiudedasauy vlilanuamisiantu

o P ' oY v a 9 a w v v |
wazlinandniugeniilaidesnedendulsiaaiudisemstu Inghilinanssnuse
asrUsznaumaailutiuy (anm wazame, 2544) duluduvesalusmskanasuaiu wuin
annsathandsddaiaunnaslagulalaglidvinlinandnanas (Usvg uazame,  2544n,9) vina

wueafunslivenwarlududswdwiaduunaemiaeu (@yu waganiz, 2547) M3l



wandunarninudiiely (Anassd uasany, 2547) wazmsliannanauia 30% Tuaivns
TMR (BuAn uaganis, 2547) J9aenrdeensuYss Ussasy uazame (25644) finuinisdsdau
P13 TMR Iﬁ'mamamﬁwummzmﬁﬂszmaLﬂﬂuﬁwuglﬂu,mﬂﬁhaﬁuﬁvﬁémﬁaammiﬂﬂﬁ ol
msAneves tduma wavene (2551) nuiwSnumandniuliuansetuusdluiuluihussgs
niudlelauy @estheewns TMR  wiinlaeidewdsuiisusungulinmin duuandiiiuinnswin
9113 TMR astheifiunstagldvemanisly daumslfeims TRM Usee (5 adaetu) azviili
nsiulsesasionFeuiisunsttiuarads uilifnasernanamirmuasaniniming (Mantysaari
et al., 2006) wag Tafaj et al. (2007) 99Ul YWINvBIBUAIAD TN UBENLAI LUBINT

™R liflnasenandnuiusuazesrusenavtssinuululaiauussesnislyuy 81 Y1 vetlanadu

wisnzInsnulfvaasilaliuanaienu

2.4 d@151iuiiu

g Ui (saponin) WuansUsvnaumusssurflufis Fiedndu secondary compounds
wulugusineq vesit w390 % wa Tu wWilenl! win waswulilufisvarevia 1wy Tuftvmszgam
waneeiln L dundes fait My gy Savinin dnldn Tau walin v nsuidlen vimuneu vd
msznanuil e usTEY wadufivdug Wy wlunsena Sapindaceae W Sapindus rarak, S,
mukorossi (soapnut, 11.5 % saponin), S. saponaria (soapberry, 12 %) S. emarginatus Wusu
LLﬁxﬁfﬂ‘?}luﬂ WU Yucca schidicera (4.4 %), Enterlobium cyclocarpum (1.9 %), Sesbania
sesban, Quillaja saponaria (soapbark,10 %), Acacia auriculoformis (Eryavuz and Dehority,
2004 : Wina et al, 2005a) Wusu Inefivagadresoluiviulusdnaiiinudeuneronisidn

v
= = o &

ae WeteaiudeInnITgvnatsvadidanalsa Wy WUANESE 15 W51 uuadnsne dnd

U

v L
=] @

vnviey wazdaifudie (Wina et al, 2005b) (Wusy miasnansinfuagivladevarsede iy
- - o Soqgva ey ° P |
YA WATEEURINY ANMUWIAGBNLAY MSLUANTIY ansuvinlmaanas ledinsiannauluaseany

e ° e d 2 2 & A v v w 8
wesdonAiaiumsnauduilowsy THduauing wavrntuaieneuldlumsihmuasen

L4 g

14 (Wina et al,, 2005a) wanantarselutiuddnuddsy

o

S9N Wy asen wazdnidecin

[V 7
s o

Tughumadulasuzluuyud wagdnd Mlnuhanlliviinuaulfitinanonssnuimeauinuasna

2/ b2

aureuywduazdad Wy nsnsyduniiduiu maiibiluiulududens madumsiunsiousss



7 a - . [ = § a = ' e E
Wuansdueuyadasy (antioxidant) mevibiiBeRuivadifiunsduruesds (permeability) 14
nnTu nbidadesuaiuen  duludninuidnasensiuld nswigdule ssuvduiug uas

[~ 2 [ 5 1 i = = = = ]
anunsaduansiulusladn (anti-protazoa) taelumsdeslusi uasnisgediidaniiuuasussinlu
MAFUEMNSATY (Frandis et al, 2002) Wudu Tunssurumswinlunszimzwinvesdnilfenies
vy Idnandagainounaiadchiiuusaleniedns wu wiad weulude weanil ferudums

= s

o = c; | e e €Y o AU | <
ULEINaIY  unaEs LLa%a'ﬁ]Lﬂuimiﬂmaﬁqam?ﬂqﬂ'ﬁ]mm@luwu LtagaqﬂLﬂuﬂquﬁ’U@\'}ﬂﬂgwq

a
Y
Fundey wsiwhilwuevduaiuliin ereenhouse effect ylwlansouty  vialludadimuly
¢ ' o Y X = ' a i -
ussBmAUszIna 15-20 wWaidud gudesunaindeidades Juduwvawdnlveiigayszanmd
ay 80-115 a1usu (Hu et al, 2005a wae Hess et al., 2003) uaﬂmﬂﬁé’uﬁ‘uﬂﬁq@ﬁawé’wmmn
osaadlulszunn 2 <15 Wasidud aatiun1Iuismshazasnsiiatazannisuantassuiaivu
songusasnma  Msludsslenisedaundeuuasdefidn i WAIDI9INIINSHARTILNUEY
d‘ 7 s o s L7 i I (24 A = C‘?’ s
edasiusnulusiadlunsenemin mszilissiniufangnedsiulunssisvinysyanu 9
§ @ [ Y PR (BN as Qs i e @ o 57
- 25 WedlGud ssndnlasuvaiisefegaunuluslaga (Hess et al., 2003) uananillusingrdawild
= = @ [ ﬁy s c{"/ os =i aa e =& o
Wensvyuidsuradulasuadlupssineningr@u - nsdudaldsladaiivate®d  wasiswnile
' < = = = = = = war o, 22 ) 5
unaulanfensiaduanseiluiiv. Jaulalufivvaisviln Inaauddlunsiduaseuldslad (anti-
- | s ) 2w e Y A a P
protozoa) tesvnilunszmnsminiusladrazdugan (predator) Zslusladhasnduiunuaiisely
aszizndn dstumsiugeunulusindlunsaimngnindsdivsylovivagedn Wy aanskdn

wiativny  umsedalnsilonm  wWunsldusslenildvesingiuemnsdnd  tunsivariiuves

yauvFalstiudhdanldian Faduuvadusaunanludaiifenses  Wunsaaasulseansninnisg

Y

o
o & 9 =

wandnd  feomgiluiuianhssinniuamaduluems - (feed  additive) la  wluiagiu

1

= 3 I3

nsAnwluidnidadiveyastgediin aenalsina gluduvezdumadenlunisiiiunandsdad

fo = o €1 @ a6 & i
i nmanils wazdulselovdneinunsnsiiaosdnifeabomely

2.5 Anudnwaizuawn Uiy (saponin)

ylutinduanswn glycosides compounds Usznause  steroid (C27) %39 triterpenoid
(C30) Fuiutena lAaseasn9wes steroid aglycone i 2 vila@® spirostan wae furostan &y

1AT9E319709 triterpenoid ah) oleanane Tnggluiivasiiosdusenauduwin sapogenin WHuwnu



wisiadeiuszlrmauviiuigma moiety (oligosaccharide moiety) ngiiihnia moiety Uniiag
Usznause nglad nmuanlna nanngalsin llaa smlua (thamnose) w3 witawilaa Wy
ﬂ’ & = . o Qs . . : . = [
AR 1 Felasund slycosides %Uﬂuaqﬁlu'gﬂ hydrophobic aglycone (sapogenin) Lagagiinsusi
da o ¢ w s " ” - B ' [
szmouiiiusslaniawiseiuluanavening (oligosaccharide) wililuanansesnnnAld vie
= =4 v < o v = ' = ' . .
wilsganaunninnld (nwin2) warlaevluagduidiumis C; 158 monodesmoside saponins
Vv " A v oa dda . = = = i . . . v
WAt INIEIMATULRNFUALL Cp W3D Cps NIwL38NIN bidesmoside saponins 1A9a319989
gluTuazimuadududeuinannswasuntadliveslassaiiwes aglycone  uastiuagiuwiia
yo3aa (side chain) WY AM5I589A7 FMUIUNDTY LaZFIUMLIILTITUUY aglycone (Francis et
al., 2002) @i triterpenoid saponin 1gil 2 dnunizfe WunauloumasssuawTui sapogenin
o 4 3 ad o o= a = ‘ ¢ = - = =
wazJunsalimbeamniudy nseglsiin wie wi afuvenda  wie Whenvewmaluiunsena
Sapindaceae 9§l aglycone 10U hederagenin usaziiinaaf1aiy 19U HavBY soapberry 9l
nglaadeiu hederagenin  uavilswluatay sysiiluasienunglaa duluraves Sapindus rarak
Iwilegs10luaduiy aslycone uwasiisnluauaslelaaderivaysdlua Judu  Inewuin steroid
saponin 9ziilassaieiuanseiuinnnd 28 ¥ila @iy triterpenoid saponin ALATIETIENAY

11NN 20 Ui

SAPCNIMN

e | Y

Slycone -+ Aglvcone
Sugar Sapogenin
1. glucose
Z. arabincse
2. xylose
=4 . glucuronic acid _
NeutTal Acid.
saponins saponins
Steroids Triterpenoids

Figure 2.1 Diagram of saponin compounds (http://www.dadamo.com/wiki/saponin.jpg )




2.6 nalnanaudufivuesunluiusededuad

glufluazgnaane (hydrolysis) laagaumid Tunsemeninludniifondos wazgdunidlu
3l& (colon) viadfy (caecurn) ludminszwiziiien Jauunveladveseluivlunssmizinan
diosgenin (sapogenin 'lu‘lﬁaj’}%ml,ua) gmﬂ?{amﬂuaﬁaqﬁuéﬁ'ﬁ% epismilagenin, smilagenone,
smilagenin Wag tigogenin (Meagher et al,, 2001) W38 97n sarsapogenin (sapogénin Tu Yucca)
QnLU?{aulUﬁJuaﬁaqﬁ’uéﬁqﬁﬁa smilagenin, episarsapogenin, epismilagenin, sarsasapogenone
waz smilagenone Wudu (Wina et al,, 2005a) Tneanludundiu steroid qrgneduvEdaanesiala
B sapogenin Ferlufufinailiidmdanuasunn meﬁf;%@ﬂqﬂéﬁ@ sapogenin g

w9i (Wang et al, 1998) slgluiiusiinasaidevuigad laaviilvianedfveadodiuvadide

W =4 ] a = i F 2 = o = i/ a ::J
annly vSeyauRnUng E]'IQL“T]ULW?']%’J']Iﬂiﬁﬁ'iq\w@ﬂ‘?ﬁiﬂuuLﬂ“l.ﬂ‘llllu ‘UQﬂﬁ'lEJﬂUIﬂ'iﬁﬁ%l'N‘U@ﬂLEJ

2/ € = w1 < o o 1y cal i v LY o
%uwad (membrane) wowangaidlen uarlusladanuiufediuilievueaaniulviui 2 du
(phospholipids bilayer) Tnpfignluiivensszdhyiujisensdnanan (polar heads) toevioaln
afinuaudoviuead Tagdiu OH vesraeLsainesaanudIy OH My C; %30 C 5 vaewnlUily
wuiuludnuuvedliwad (micelle) dalunindudrunlisevin (hydrophobic) 983 aglycone
(sapogenin) gasnunsnuinluida hydroprobic malu bilayer via 2 dnwagil envzdaaiuli
\Ramsiasuwlasdanadeuvesluiusevq Wsfuvesbeavinead Faazilgmsndeundasiiing
RepuauTRvsdavugad Wy feuanidelessu (ion channels) fMwds (transporters) f735U
(receptors) Wusy yilnsviwidnnengg veadeiumadeziiandluld :indnunesinan anluily
=2 o v w £ =2 1 = 5 14 & o =] &

JovihlidoRuaddnuaninsndarnuvesiviatilanindy (permeability) Wuwalviwadlusla
) o w ‘ < a jaaa ' s @ aa 4w - Y o
Frgnvieneld sgalsinunistiauiizensenineiviuiudfinventevumas Tuegiuvanelaly
Wy asdusznevvendvumadidwing  Wunsiimaslaamesemdudisnautios  aziinw

= e P, . = ) o ! H o
ﬁqumr]UQ\flﬂ']f]L?JElﬂl]LFdaaWﬁﬂaaLﬁaLmﬂiaﬁ 'Lﬂ\j LEZYUAUIRIE NNFLIVIRILASALLNUIVBIUINIENIU

- L A 1 s i = 1 lo’ s o
ginrasiuseiisaiu aclycone UASTTUWAUDY aglycone lapwudn Uimiasuluaduiu aglycone

seflauguusindinglag wasiiuss (1,4) vie B-linkage tsfiamusuusinitiiusy (1,6) vise O-

£
)

linkage (Wina et al,, 2005a) wazthmaansiiies (monodesmoside saponins) LAAIUTULTIGS

N1 bidesmoside saponins LLa311’1&1‘1&15’1EJEJTJﬁLLﬁﬂ&ﬂ’)’W&J‘S‘ULLN:Ll’]ﬂﬂ’j']éhEJ (Francis et al., 2002)
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oH

Figure 2.2 Chemical structures of steroid saponin binding with sugar (Speroni et al., 2005)

2.7 navasviWiusdesdunidlunssinnzndn

aliuanauiiduasdulysiad (anti-protozoa) Falusladalunsznewiind 2 nguda
Holotrichs wag Entodiniomorphs siiafinuinnlunseimenin fe Entodiniomorphs Uszuna 93
Wesldua (van et al, 2004) lasngu Holotrichs aldansTulawsanazansla dung
Entodiniomorphs  agndufiuutlennudasyfiv wagiliutuends msldaseluiuiiainan
wanw1 (Tea saponin ; 60 % triterpenoid saponins) AW UY in vitro Tudns1 0.2 - 0.8 Tadn3u
Rofiadans wuiwluiuansovilinnulusiadaanas (M3l 1) wasvilviiadnougdund
TUsiu (Hu et al, 2005a ; 2005b ; 2006) uwasmsldmluiiuannannuaves soapnut Hlvika
Wi (Kamra et al, 2006) Tnsnafindnofuiisieanlilng Wang et al. (1998) uas Wina et
al. (2005b) AlY yucca exract 8m91 0.5 - 4 fiadndudeiiaddns waz Lila et al. (2003) dans

sarsaponin 990 yucca extract TuenT 1.2 - 3.2 n3unedng
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Table 2.1 Effect of saponin and plant saponin on microbial protein in the rumen

Items Control Saponins SEM  Source of saponins (unit) References
Protozoa (10°ml”)® 0.61 051 0008 Tea saponin (0.4 mg/ml) Hu et al. (2005a)
Bacteria (mg/ml)° 0.71 084 0024 Tea saponin (0.4 mg/ml)

Protozoa (10°'ml”)” 4.29 0.92 0.1  Teasaponin (8 mg/200mg)  Hu et al. (2005b)
Bacteria (mg/ml)° 1.50 261 0111 Tea saponin (8 mg/200mg)

Protozoa (10°ml )" 1.48 0.44 0.019 Yucca extract (0.5 me/ml) Wang et al. (1998)
Bacteria (10°ml™) 250 2.77 0.241 Yucca extract (0.5 meg/ml)

Protozoa (10°m(™)* 1.23 0.86 0.22  Sarsaponin yucca (3.2 ¢/L) Lila et al. (2003)
Protozoa (10'ml’") 11 0.85 1.334  Yucca extract (100 me/ke) Sliwinski et al
Bacteria (10'm(") 3.81 4.0 0.295 Yucca extract (100 me/ke) (2002)

Protozoa (105r‘_nl'l)a 1.65 0.19  0.12 Alfalfa root extract (4 %DMI)  Klita et al. (1996)
Protozoa (10°ml ")’ 1.04 176 125 Soapberry (8 g/kg ) Abreu et al. (2004)
Microbial N (g/d)° 3.80 5.10 0.30  Soapberry (8 g/kg o

Protozoa (10'ml")” 6.30 2.90 0.65 Soapberry (100 me/g) Hess et al. (2003)
Bacteria (10°'ml") 3.50 3.30 0.23  Soapberry (100 mg/g)

Methanogens(l(}amfl) 2.20 2.10 0.52  Soapberry (100 mg/g)

wnee :  Awasiiruuanesiunaiia (P<0.05)

wenand, Klita et al.(1996) ldalufiuatnansindidanain (27.8 % saponins)  a3ulu
aWNsuNEans1 4 wWesiguswsamsnuldinguis (44.7 niuwrluliudediasieTu) wuiwildaadiuiu
Tslndh 90 Wesiud  Seeandesfuiinesilag Hess et al (2003) ARawlufiafiionluiugs
(soapberry) WUV in vitro 8m51100 fiadn3udansuons villtandiuaullsiada 54 Wesidus us
LifaresaunueiiBe wasiuaiGennanuiation lusaedimsld Yucca schidigera (Yucca) um
wdulugns 20 uay 60 ndudetu lumsiaeddaan wuinasnsaaasuulusiagals (Hristov et al,
1999) Fslinartuiientuiiiady £ cyclocarpum Tudnsn 0.5 wag 10 nfusetu azanduulusin
#14 20-90 Wesdud wazanmsld £ oyclocapum oy vhliansnulusTadaas 49 -79
Wesidua '_Lu‘ehqi’uﬁ 4-11 vaansiEd ndnmiaraesq Wusnutudes audulndluiui 20
(lvan et al,, 2004) gennaadnuINEUUDY Teferedegne et al. (1999) fledy S. sesban Beaunzly

051 200 nsuseu TuvaeidnunalUiuanmain Yucca luunzuaslalddns 5 - 30 ndunasianaiu

wuilifai i augdunddivasuudas uadnnulvsledhasfinszainu 18 wWeiidud Tudan
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30 n3usedinedu (Eryavuz and Dehority, 2004 ; Wu et al., 1994) Tinauieatuinuiludu £
cyclocarpum uag P. saman lusnsn 20 wesidudluans (Hess et al,, 2003) wazainn1sAnyn
Tne Abreu et al. (2008) fieBunaveady soapberry ludhs 8 nfuderminiuunuedn (128 n3u
sedsety) Tusngiuguanrniiy fnuindiudwouluslags Taswmzadu Entodiniomorphs du
ngu Holotrichs hiAsuulas sglsinuainnisld  sarsaponin w91 100 fadniudedlaniu
0.01 Wostdus) luams wunlifiwasesunulusindinay wuaiis (Sliwinski et al, 2002)
fawsienlufuludng 0.5 - 4 fadndudeliedans evhilinadegdunidngu Fibrobacter spp. U
mstesuelUuluyinags sxiinadangy Fibrolytic fie Ruminococcus albus, R. flavefaciens

wag Chytridomycetes (Wina et al.,, 2005b ; 2006)

2.8 navasriuiiudanssurunisusinlunszinizniin
aswlUTuiinaransyuumaminlunssonein nanfe FiliduTnsilonm anexdem
Sy wasweslanile (Hu et al, 2006) (529 2.3) 9nmsldanseluiuiiadadenmsiueann S.
rarak Anwmuy in vitro Tudnst 0.25 - 4 Tadnsureliadans nulvnlinsnezdRnuazlaiisnanal
wefiunsaaninsilown wazuenluilofanamindnsanudaiusess TUTuidisiu (Wina et al,,
2005b ; Kamra et al,, 2006) IWinadenaasiiusieauvel Lila et al. (2003) Pl luiuenT 1.2-
32 nfuedns Tusafinsiedunares soapberry ludns 8 nfwmaringuisrodminuumuedn
(128 nfusiadaraty) Tuunefuguervndiu wu Wumsudalwsiilown waz Tafin wavanesd
W Uae dadiusstianaalnsAlaun LLGiLLE}&JIMLﬁHlﬂﬁiﬂﬁﬂﬁﬂﬂﬁjmmﬂa%u (Abreu et al., 2004)
Tuvaizinsldasmluiuiiadnanudag (Tea saponin) ludnsn 0.2 way 0.4 adniureiiadans
Anwuuu in vitro wudt eluTuilianmsedauedlanile wasufaing 19.6 uaz 26 WaslGun
wilsifinasionsnannsalasiusewmisie (Hu et al, 2005a; 2005b) aenAdasiufisieslilag
Sliwinski et al. (2002) #l4 yucca extract Tdns 1-100 Jadndusenlaniy  uazanmsiady
Yucca ualudng 60 niwietu Tulajuamfnuhannsadiansedalnsiilowm 17 wWeddud uas
andnduvatesTmmaolnsilowm (Hristov et al, 1999) Tuvadl Klita et al. (1996) wuinmsiasu
lUuainnnvesiasanm lushs 1 - 4 wWeddusmsauld @4 nfusetu) Tuung wud 2

Fuusn mandserdvnuarinsilomazgelumsigdunluii 4 Wesdud winnmsiniud 14

L} L2 1 = = 24 L2 ) du LX) 4
ey waneirqaumsdlunszmendininsuiuda (Wang et al, 1998) nallaonndeaiufsnenu
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Iny Teferedegne et al. (1999) PNMTFELNETE S sesban 8031 200 nYusietu wazmsld £
cyclocarpum La%nluu.nzﬁ'hjl,ﬂﬁUuLLﬂaqu:,LUUﬂ'maﬁ'ﬂ'Luﬂssmei'fﬂ (van et al,, 2004 ; Hess et
al, 2003) waznsldansatinan Yucca Tudns 8 - 9 nSusefdetu lulafluiinadenszuiuns
winlunszwnzyadn (Wu et al, 1994; Wilson et al.,1998) wannimsrdausiadalunsemy
wiinvsiinasenszuaumsnin Tnewuirasinliannisednin  WunsdEsinsilown  wazswou
WUATISE (Hess et al, 2003; Hu et al, 2005a) uwagmsanasvesiusiadrasiinainliannisudn

%) = = i A oa = ) i ) o
fimude (Hu et al, 2005a; 2005b) aradiumszuuafiGonguindndvuizerfuaguniuldsingy

2.9 navasarslududenisiuld msgesliuaznsgaduvesemslumadiueuis
nstesldvetemnslunsseninasindesfunmshauresgdunislunsamneniin  uas
msanamedusladraginavlynisdasidvesmsdelondeuwadd  elusladfilugdunid
siinfgesaaiisl nmadsnsmefiviitiaseluiuiuesdlszney wuianmisdeslivesmnsiie
16 (NDF) (Odenyo et al., 1997) @anadasniu Wina et al. (2005b ; 2006) fiseauinnissealdaun
asdely wasmavheuveseulsd xylanase wag carboxymethylcellaes anad latasug
Suan S. rarak Wne wasdeandasiusionuves Kiita et al. (1996) fildanluiiu 4 Wesidudves
nsiuldvesinguits wuiwinlimstesldvaensidels Buviding uazlulnstauanas wsiLiiainnslva
duvadulnsauidwdldidn  washifadonsiuld  (namdl @) Sedaudsiumieauves
Teferedegne et al. (1999) NNSEELALHY S, sesban §ws1 200 pdudaty wudwRumsAuld
YBLINGUA Slesvernansidganuiunnnit 4 Sl (ns1eit 5) dau Abreu et al. (2004)
WUIIN15iassl soapberry 87131 8 nfuserhmiindwmuedn Lifinadenssudsuvasiulasionly
nsvwnzsin vdeliiinatenisdenlfvedunding uaglulasiau (nsail 6) usaan1sdedldives
ADF onafumsiginuuaiiienas Fibrolytic uag Tuslashanasthues luvazfimsiaduasatnan
Yucca 05 fianiurefiadans yibiiuniminauveseulesl Protease wasuupisena o weilsil
nastansgesldivasinguits (Wang et al, 1998) wisgilsinmanmaaia Yucca ualugns 20
wae 60 n3udetu Tlaquammuinmsiuldaquis msdedldvesinguits asidely uaslusitu i
wansenngallaiieiy  warlifinademsvhuvessuleflunssimnewiin  uazdasimslvariuues
a1n1AaIMNT (Hristov et al,, 1999 ; Hess et al.,, 2003) %ﬁlﬁmaaaﬂﬂﬁaaﬁuﬁ Wu et al. (1994) uay

Sliwinski et al. (2002) el msiaduansaninan Yucca 8 niusednaiu way 0.01 Wasidus
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luaws  wasdslifivasannualunstiusivensemzntiniadiuees rumen wag  recticulum

(Klita et al., 1996)

Table 2.2 Effect of saponin on ruminal fermentation characteristics

ltem Control  Saponins SEM Source of saponins {unit) References
Methane (mmol)’ 1.05 0.90 0.02 Tea saponin (0.2 mg/ml) Hu et al.
Ammonia-N (rme/L) 14.00 12.90 0.26 Tea saponin (0.4 mg/ml) (2005a)
Acetate (%) 70.92 70.80 1.48 Tea saponin (0.4 meg/ml)

Propionate (%)’ 15.71 16.35 1.47 Tea saponin (0.4 mg/ml )

Methane (mmol/L)’ 447 3.89 0.09 Tea saponin (2 mg/200 mg)  Hu et al.
Ammonia-N 15.66 14.39 0.25 Tea saponin (2 mg/200 mg)  (2005b)
(mmol/L)’

Acetate (mmol/L) 44.00 44.80 0.10 Tea saponin (8 mg/200 mg)

Propionate (mmol/L) 15.30 15.40 0.01 Tea saponin (8 mg/200 mg)

Ammonia-N (mg/m)’ 0.49 0.45 SD=0.11 S. rarak extract (0.25 mg/ml) ~ Wina et al.
Acetate (%)’ 63.60 58.00 SD=1.22 S rarak extract (4 mg/ml) (2005b)
Propionate (96)° 20.80 2400  SD=0.17 S. rarak extract (1 mg/ml)

Methane (mivt)’ 13.87 10.90 0.02  Yucca extract (1.2¢/L) Lila et al.
Ammonia-N 6.20 4.90 0.12 Yucca extract (1.2¢/1) (2003)
(mmol/L)’

Acetate (mmol/L)” 60.80 58.00 0.55  Yucca extract ( 1.2¢/L)

Propicnate (mmol/L)”  22.70 25.30 0.66 Yucca extract (1.2 ¢/1)
Acetate:Propionate 2.68 2.29 0.03 Yucca extract (1.2 ¢/L)

Methane (mmol/d) 10.94 11.02 0.57 Yucca extract (100 mg/ke) Sliwinski et
Ammonia-N 13.60 10.70 1,55 Yucca extract (100 me/kg) al. (2002)
(mmol/L)’

Acetate (mmol/L) 65.10 58.40 0.01 Yucca extract (100 me/ke)

Propionate (mmol/L) 18.70 18.10 0.006 Yucca extract (100 me/kg)

Methane (L/d) 28.70 28.20 3.0 Alfalfa root extract (4 %DMI)  Klita et al.
Acetate (mM) 44.00 51.00 5.0 Alfalfa root extract (4 %DMI)  (1996)
Propionate (mM) 12.00 14.00 1.7 Alfalfa root extract (4 %DMI)

1 ﬂl‘ 1 ar aa
WHELAE . : ARdsdANULANANInUNNEDR (P<0.05)

:’d’ = ara -3 di [ 3 L = I i }74
wenanfaselviuiinuandflunmsvilideviusadesulviansdurn - (permeability) 19

iy satueraduldenlufimihesiliduiihladusad  (mucosa  cell)  vosEnldangadu
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asomsianTuae uazenatssunanaluiuiinavinliusannadnglunisvudsansludiuues brush

border membrane vasEldaniias Juiiliansermsnie duruldasaintu (Frands et al,

1 = A o v s L2 1 oer (=) 1 =2
2002) usiannsanuluunefiaiudie soapberry §a51 128 ndunedu Lifnadensgadululasiau

wazmsnulavaslusfiunetu wiiinnsiulavesduyseing (Abreu et al, 2004)

Table 2.3 Effect of plant saponin on ruminal fermentation characteristics

ltern Control  Saponins  SEM  Source of saponins ( unit)  References
Ammonia-N_(mM) 2.94 2.88 0.37  Yucca (60 ¢/h/d) Hristov et al. (1999)
Acetate (mM) 49.70 50.10 0.96 Yucca (60 ¢/h/d)

Propionate (m)° 16.50 19.5 0.54  Yucca (60 ¢/h/d)

Acetate:Propionate”  3.13 2.77 0.05  Yucca (60 ¢/h/d)

Ammonia-N 5.98 4.85 0.57 Soapberry (8 g/ke ) Abreu et al. (2004)
(meg/dL)

Acetate (%)° 7790 76410 035 Soapberry B g/ke )

Propionate (%) - 15.00 17.60 0.27  Soapberry (8 g/kg o)

Acetate:Propionatea 5.30 4.30 0.13  Soapberry (8 g/kg )

Ammonia-N 7.50 7.60 0.33  Soapberry (100 meg/g) Hess et al. (2003 )
(mmol/L)

Acetate (mmol/L) 46.67 44.03 0.006 Soapberry (100 mg/g)

Propionate 23.16 | 23.27 0.006 Soapberry (100 mg/e)

(mmol/L)

wanewn - ANRAeiiauuAng1afiuNEEa (P<0.05)



Table 2.4 Effect of saponin on dry mattey intake digestibility and nitrogen flow in cheep

ltem Saponins (% of DMI)

0 1 2 4 SEM
Intake (g/d)
Dry matter (DM) 1,185 1,138 1,185 1,117 22.0
Organics matter (OM) 1,071 1,029 1,071 1,010 19.9
Neutral detergent fiber (NDF) 668 642 668 631 12.2
Acid detergent fiber (ADF) 402 386 402 380 7.2
Nitrogen (N) 27.3 26.2 215 25.7 0.51
Flow to duodenum (g/d)

- Organics matter (OM) * 318 358 411 330 17.8
Neutral detergent fiber (NDF) 160 169 195 180 9.46
Acid detergent fiber (ADF) 99.8 104 119 111 6.02
Total nitrogen (N) ° 14.4 17.4 20.0 18.1 0.85

Apparent total tract digestion (%)
Organics matter (OM) ’ 3% 723 68.0 64.6 2.71
Neutral detergent fiber (NDF) 70.4 68.8 64.6 61.8 3.18
Acid detergent fiber (ADF) 68.5 66.8 62.8 59.9 3.41
Nitrogen (N) ; 74.2 74.0 70.7 65.2 241

fan - Klita et al. (1996)

vanews - anadeiinnnuuana1aiumneEii (P<0.05)

16
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Table 2.5 Effect of supplementation of Sesbania sesban (200 g/d) on rumen fermentation

and adjusted of cheep

Date of DMI protozoa NHs;-N . Acetate  Propionate  Butytrate
supplementation  (g/d) (107/m)  (mmol) (%) (%) (%)
control 595 59 6.0 69.8 19.1 8.8

3 day 580 3.6 5,5 69.2 20.8 8.0
control 601 139 9.0 58.8 247 10.1

4 day 717 8.5 8.5 59.0 27.8 10.4
control 607 7.8 6.0 70.4 19.2 8.7

10 day 747° 10.4 9.0 69.6 20.2 8.2
control 607 6.0 8.0 68.7 18.2 11.1
20 day 783" 9.1 14.0° 67.6 18.1 10.7

o - Teferedegne et al. (1999)

a a = ' [ aa
WU ANLRAILAMLLANANNUNNEDR (P<0.05)

Table 2.6 Effect of saponin from soapberry on nitrogen flow in Cheep

ltem Control Soapberry (8 SEM P-value
g/kgo'?s)
Nitrogen intake (g/d) 8.7 9.8 0.56 0.18
Duodenal nitrogen flow
- Total nitrogen (g/d) 9.3 10.9 0.67 0.098
. Microbial nitrogen (g/d) 3.8 Dot 0.30 0.007
Ruminal escape  nitrogen 5.5 5.8 0.41 0.61
(g/d)
Apparently absorbed N (g/d) 52 6.1 0.64 0.34
Blood urea nitrogen (me/dL) 12.2 10.7 0.44 0.029

i - Abreu et al. (2004)
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2.10 navaswIlUiudenandnuazguATNEn
asannanuaae (Tea saponin) yilifiumsiuladnguis Maasaivle uasuszdnsnis
A = at al 1 Qs 1] L2 =1 ‘5’ L . =
4o wns Tuwnsasulusnsn 3 ndusadsatu (Hu et al,, 2006) slUiiunaialaann Yucca w@suly
Taunludnsn 9 nSusamdeTu wuilifuasessnusenauveainuy waskananiiuy (Wilson et al,,
1998) anmsfinylunneeiug wuininasesyuuduiug NANABANNNTIHLUTBY S, sesban L1ae
Tusnsn 200 waz 400 nSusaty Wunan 6 Wau ayhbiinnlaBanien seminiferous tubles way
iinmsidevan mueaieniely (tubular) wenannugsnlmAaurarndfgndng  (Woldemeskel
o o & ey a o = i oo v )
et al, 2001) wazdnmemanismivnduldlife sluduilassahaduluiuuasiidnunzaaiei
gosluuve  9199suEdURUMSY  (receptor)  vesaasluulealasiaunislusaainel suvasisad
Whneld - Sedawalinnsyhemiemseengvbveseesluunsuadld  wiadhananisdunsgvian
= o @ ¢ 2 @ a o v d A W
asoa HuwalFannsduaszigesluumeas wasdluinsuudneluivagynlidaGeaunauanly
= o o v ¢ = a prt 1 R & o ar « o '
wziinailiievusad duan nuaziinnsfusuvesitlinndy ileunusaduedlusladn ua
nnsanuludaifeadadirssnudgmil  easdunseiszdvanudutundneAeudnei
way mﬁ]Lﬂulﬁ’jqqﬁuw‘%Eﬂunizwnsvi:.Tﬂmm‘iaaa'1aLLazamﬂmm@uﬁwawﬂﬂﬁu WARNNANSANEN
Tunseenadlusgasiian 16 Ju on71 10-30 Jadnsy wuikavlsnudindenuns Laziinden
9129189 (Saeed and Sabir, 2003) anmsleinuvyanuUszaula (Schefflera leucantha Viguier )
o [ I = (Y] o as ' e =i m'{ o =4 =
8n31 1 -5 niusiafilansy Tuvuduian 14 3u wuh suilgualvngdiu InnudiaEaetianes was
ﬁﬂﬁauﬂé'm%ﬁwmmﬁﬂm unlitinasosila (Witthawaskul et al, 2003) @nlAelL00INEeIRIe

a = ool = = : a e < - o
we Rl LagUTITSY Fadiwnluwdusausznsu anavznuamsulsauinas

(photosensitization) (Meagher et al,, 2001)
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AnwundavesingiuamsveuiennAINIalA TUETBI M THALATUAIULAY I SHANATUE Y

WiIn
FeeLunsINg

s a i

nMsweieningivenminety vurasmanasslinansinuasauggana Adlluuniiun

“FunafivalanuagdmialndiAss eafidu Wasdnds Wedn wWdendaden wagiasizin

gaduszneumaaivesingavaiiasaiieldlunsduangasemnisaly

S3msefunsnnaed nMsfnvHaLrawaeIsneUlue I INENATUAILAZNTTIAT
mavemstauasuanlumAdel mausunITnasaLuY Factorial in CRD Tagfinw 2 Jadb uag
7 3 41 PJadeusn fie wvdtemnnenu 4 wiia Aa Weim Weinds Wisndder washedaseiy
wWaendhdea uaztlided 2 fe nssuisnisvhe msnanasudiu 2 n33u35 Ao mandn uazlinin
leldundswnsmenuiidesnisi 4 siiauda MhwUsznsugasemsuauasudal 4 gas Lag
awmmu&ias@m5(§1’aaﬁ'lmm1ﬁl,ﬁ’ﬂnfuusshaMwﬁ’uﬁy‘q 4 gos MnTuLeIMsHENAsUA sandu 2
ndqu Tuudazgas lasnguiniadvliiinsizdnesdusznaumaiivaz@neinisdoslily
FowiRmsrely uaznguiaenitluvsin nswiinlneldlugananafinvun 2 Alandy Saliuuuuas
guonmeeanlivun Unungs wazminlisges 4 dUami doasunmimuana Tuiindnuas
yamen W @ ndu wagianmunmesamsvin wu darmmudunsa-ang waziaTununse
wanin nsnezdRnuaznsatindiin \udu smiudusesuluinmeesdusenoumaniiuasfinw

nsteglalunsengminaaly
miﬂ’uﬁm%’a&gal,l,axﬂmﬁuﬁ’mEi'N .

msﬂ’uﬁﬂ%’agmmmmsmamsuﬁmwﬁn TUNNSNWUENINNIEAIN LTY 8§ NAY Lay

A s Ivin 1wy Tararudunsa-ia (pH) wenludlslulasiau (ammonia-nitrogen)

o 1 ur 1) ¥ 5 L 1 L o A =
ymsguifivinedaommsudazgasisuunin uaglivdh daneuiigumgil 60 sam

Y

=t (<1 & < i 2 o ) a a o A L3
\waled 1Wunan 24 Fla9 M3IAUNTIVSURS LLE'ISU'ﬂ’LJUﬂN']UG]L’LLﬂ‘N‘HHWﬂ 1 Uaalund IWDIATIEN

pefUsznaumaAiilaun Ynquiia (Dry matter, DM) Wsfiunenu (Crude protein, CP) losTu (Ether
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extract, EE) wazion (Ash) mnaisvas AOAC (1990) wagdiasnzsvnessUsenauveaiels Teud il
\wad (Neutral detergent fibre, NDF) uaxaﬂiulﬁjagiaa (Acid detergent fibre, ADF) m1135784
Goering and Van Soest (1970)

‘Table 3.1 Ingredients of total mixed ration (kg/100kg)

Ingredients ) TMR 1 TMR 2 TMR 3 TMR 4
Rice straw 28 5 = 15
Water spinach straw : 33 - :
Mung bean pods = 5 32 16
Cassava chip 23 23 23 23
Rice bran 15 14.5 13 135
Ground corn 13.5 13 135 13
Soybean meal 8 4 6 7
Molasses 8 8 8 8
Urea 2 2 2 2
premixed 1 1 1 1
Mineral 1.5 4.5 1.5 l

The premix provided per kilogram of DM: 10,000 U vitamin A; 2,000 IU vitamin Ds; 20 IU vitamin E; 10 mg
Cu; 80 meg Mn; 40 mg Zn; 50 me Fe; 0.8 mg |; 0.3 mg Se; 0.3 mg Co

? Mineral provided per kilogram of DM : 450 ¢ NaCl; 2 ¢ Mn; 2 g Fe; 7 ¢ Zn; 16 ¢ Mg; 30 ¢ 5; 0.1¢ [; 0.03 ¢
Se; 1.3 ¢Cu; 35¢P; 140 ¢ Ca

3.2 NVAaRaT 2
MsANNTEsEABYsNEIMIHANATUAIUNAZ B M IHENAS UE IUinlng T8 gdludeu
oAU

MILNUANINAA8ULUY Factorial in RCD lae@nwn 2 Uade wazdl 3 91 Uadsusn Ao unad
a w o P o ° ' ac A o |
2SN 4 300 uavilatedl 2 Ae n3suAsMsYeIsHauAsUaIU 2 N5TUAS Ae nisvieTn wazly

o

N

= o 1 -] ar 1 1 FJ 2/ A o ]
msseudede lnansierdiegvemsudazgninliainnisnaasil 1 dhaneud
gl 60 asrngailea Wuan 24 Flus vieaundtazwi Teduiinuwdniteduiammimiin

Wie wantmegrluumEuazLnsuna 1 Tadluns ntuiimegeemsudainitnlssuin 4
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n$u ldlugaludousing 7 x 10 wufiums figuin 40-60 luaseu Uaungslyiuiu uaniluguusly
s d!l L A o Qs ! ld‘ 1 o a 1&’ =
nssinzudnueslaiismagneunaiznssimgliudardnnu 2 f Ineguudiinaisneg fusieil Ae o,

o & v oo o ¥ md ' v
4, 8,12, 24, 48, 72 Flus Wudu Fadedinsvigiedsas 2 91

ad = o ar 1 < = @ @t 1 o ! a o = v

FBnsAothmedemsiwieuliua fedwar 26 ga ihgiludeurndnduidenudn
weouadllunszmneniinuela lnsusazgeaziinarquudeglunssingmindeiu Buan 72, 48,

ql." I 1 A o

24, 12, 8, 4 uaz 0 9l leswdasszaziianld 4 g1 uazuusldlaiinensvinng 2 639 as 2 o
gniiudnlieii 0 azldietadios 2 ge Fdlifpaudlunszmemin Weasuimuanaiudy antuen
sengafatvasniiouy il udnhgiluaeuvesiediwimunludmeinnuaren ez niud
° = = [ ) = 0 v oo 8 @ @ - i
Wlueu? 70 ssrwalded Wunan 72 9l wieaundnvgui Sufinimilnvaseuiievinistoy

danlaveaingueiaunis

%DM loss = [(Ui.fogauiinausu-ul. findlaviadau)/Au.fisgsuinausul x 100

wazthied wiimadesannsdesaanslunszmnenin (ugeludew) Wienginilusiu
weU (Crude protein, CP) @ u3swps AOAC (1990) wenwilusiundesaaranasbigessaisly

@ o : -1
NIZIWSKRUNTILIAINNE) AU

%CP loss = [(uu.TusAudegauwisnousu-uu. Iusiumedwnaseu)/uulusausiegn
wanaueau] x 100
hdndouiganelUlusseziandieg fundnamdannisdedldvasiiegnaemis lne
-t =
14 model P = a+b (1-exp) — lae

P=Potential degradability

! i- A 5 2 | = = 'Y 1 W o
a=fmstosdaendalis 0 (Y intercept) [umnnansdsdruiazarelauazgndesaanyla

waiue visadugiundeesnaingass wis washing loss

' ' 1 W [y 1 ) v ' 4 '
b=AMARITENINAN intercept (a) fuAnseasdatetlusgaing Wuduiliazany ud

annsesvgnuiingesaanelalagadunidlunssimnegiuu

c=saTAuSIneRlumstesaaneveteyinsdu b Iviaedu fraction/h
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d} o J 5 - i ] LY o b %3
1ii91An Fractional outflow rate (k) v89 Digesta MIRANIUNTZINIZMIININATITUINEY

LENSaAIMAN Effective rumen degradability (ED) @iimheiluiasidus anaunis
ED=a+bc/(c+k)

ylaldan ED  weaslusAuudanunluusziiualusaundosaaralunssiwiznin (Rumen
degradable protein, RDP) wazlushunligosaatalunssinizviin (Rumen undegradable protein,
RUP) 98401MN3UAALENAS Warh lWldlunnssunuauseanisidsiudesnazlidesaanalunseinig

winvadlanald

3.3 N15VINA09N 3

AMsAnwIRavewraIaamIrevluemisHaLasuausensruIunIsmingeelasIoInwid (gas

production technique)

A5AIUNNSIVY
MHUEEANSNAABILUU Factorial in RCD Tnefinwn 2 U9dy wazdl 3 91 Uadbusn As unas

e

215181V 4 900 waziatedi 2 A nITuATANIINeNIHANASUAIL 2 N5SUAD Ao msviin wazly

o/

Wn

= as ‘ ° o ' ' s — o =
A7176ATEURIDE N Imﬁlﬂ’li'mLEJ’W’I’JE)EJ’NE]’]W]’SLLmazg;mﬂlmmﬂﬂ’l‘ﬁﬂﬂam‘m 1 Wdnaun

aunnil 60 ssrnwaldea Wiunal 24 471ud WIpauNIzLRe T mtinA U M UIRTINIAY a9t

L U

U 1

961991915 W UAHUAZLATIVUNG 1 Hadluns Nt F i vinyssana: 500
faansy ldluvasndeemanaanuuin 60 Naaans Aunusuveasandaulitelfiunisvaeiu 39
FEnsAnuinstesaaelduaznszuauntavitnlufeajoins laedsfaufailddnunuisues
Menke uagany (1979) lavdeaiinisiy blank feellSeuiisunistesle warfadinsing

fagneag 5 91

msnFeaniemnssmsmin mafivinnnnssmieniinuaala lnsinuanlaengussana
2,53 9 dhwiinuszanas 250-350 Alansy Sy 2 7 ileanAnuuUsUsuvesTinaqdunid ua
Foufunauliemsmeuiiovih Tneifvlduandeamarainuun 1 ans fiusimaneendiaulasms
Whenduaulaeenladadly wasfesnsewiuiunun 3 $u tasussalidiundeaietosfilailiil
sendau Jarhudrutiuniviesfifnsuassnulieamaiivesvanlieguszanm 39 °C Tnsnsud

Tugrnhgu wazshufingenivaulasenludtielaeandiaunasaian
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msaSeuarsazargiarenigy dausznouluiie ussmene uasarsivives nsinien
asazanefpundullinoutasunznioudewilianwlisendiau Ineruigaisueulasenladas
o y s = | ' v o @
lUnaaanaLayALie Magnetic stirrer nasalianfisliansazaroussineineg wauiud uaginunli
a - w1 o ! ¢ ¢ ¢ H
sumgilvnznionlieguszina 39 °C uaziuaiiusulaeenlusnaanian esdlszneuteniiane

Wigudieadl

1. Micromineral solution Usgnauaig 13.2 ¢ CaCl,.2H,0 +10 ¢ MnCl,.4H,0 + 1.0 g
CoCl,.6H,0+ 0.8 ¢ FeCl,.6H,0 avansduRaNTIIRdeinay Yiuusineslniy
100 laddns

2. Buffer solution Usenounig 4 g NHHCOs + 35 ¢ NaHCO; azmadaumﬁuﬂzﬂwmﬁw
vndu Usudiinestvidy 1000 fiaddns

3. Macromineral solution Usgnauaie 5.7 g Na,HPO; + 6.2 g KH,PO, + 0.60 g
Mg50;, 7H,0 avanpauRaNTIruAaTndY UsudSinestidu 1000 faddns

4. Resazurine solution Uszneusieg 100 mg Resazurine azanedaeingy Usuliung
T 100 fiadéns

5. Reduction solution #oafimstiaabuie unass nazsdeureufuthoinnssunevsin
Weadntae Usenaumae 2 ml IN NaOH + 312 me Na,S.9H,0 AN AL

fhennau USuusunasiilu 47.5 dadans

MsWSsuaIsazateNaeL e
AdUNaY 474 Jadans
M19a15a2a18 microminerals. 0.12 iagans

1

2

3. ansavaretvives 237 dadans

4. m9@15a¥ans macrominerals 237 Jadans
5

d138¥ane resazurine 1.22 dadans

thdaunauansazanenguuualiiiasnsligumglivasniealiegussunn 39 °C uag
duanfusulaeenlednasaian  wasifuansavans reduction  Ua¥AUAIY Magnetic  stirrer
pasaLaBlaNsaYaNEuITIRINeY AR asazansarAsuandihensnduduy wazdnd
mahshumiusulasenlednasananiolaoenfioumunly asazansazasuandvugiudla

w3o lutiEnely t2luense

P2 Y A Y o Y i o a o a
Lllﬂﬁ”ﬁﬁgarlEJNﬁiJL‘lﬂﬂuaLLagliluaLLa') u’]ﬂa'ﬂﬂm?'ﬂﬂqﬂa'\ﬁqﬁmLﬁl'iﬂlli'ﬂ.[']tﬂlla']iagﬂr]ﬂ

waenaz 20 Tadans wazinnseniewinlaldvasnas 5 dadans warlanreaduanunie 3Nty
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wiuvsalugmaseiognauung hemsnaudvansazans TuiinUiinaudiunadluvasald udnily
' s oo a o & u ° T | a = ' = : a
diluguuiigamadl 39 °C wasanturesihmstuiinuiaignuaaduluuavasaitiainieg fe 12
) as = o o ) = o v o= e v a
FluusntuiinuSinauiayng 2 dalua alaed 1224 vihnstuiinUBnmuianng 4 9alus way
I') @ 1 o @ o H‘) b 1 1 o d - ‘4’ i
24- 72 luadsdy avihnstuiinUsunaudann 6 4alus uasndsmseruAuiangnadniululday
v = =, o [23 v A Qs = = 1 14 =4 = v =4 [
nadedimsdamumatazsiuufaenuaUa TufinUsnudunaulivioufutazdosiinisiug
: o o A Y = o ¥ o a aa
w9 IWidunaslunasanauiud disiaisdununaimruauaniveavatluvasa 20 daddns i
Tdlunafifarsazarensadanindudu 1 Tua Yium 3 faddes welinauiu dilunulugidun
gampil -20 “C wipseliasgimneiluilslulasiaulnedsiiamesimlulasiau (AOAC, 1990) i1
| A A a aa y = i ¢ o
drunauviaeluvasau 1 faddns ldluvaaiiaisagats nomal saline (10% vaswasanay) 9
fadans ulilugluiioamgl -20 °C uileseliasieinuiunagauvnidlagds total cell count
(Galyean, 1989) dulAniydavasmisiuvasmimsnsesingiluasuniizaun 100 lunsou a1

yuarthlveumawraiiori lusuamnstssganslave @i

Weuiangnuistuluusasvaanuilieuiisuiu blank luusidianan ewssulouuas

] 2 1
= = = =

mMwumUinuufafignudsiuiiainieg lngnsiufadcdaduluudasia dundsuiiuga

U

v
o @ v

AansNIsHanLNaladansrnansuminusie (ml/e DM) laalelusunsy NUIN 983 SPSS aslauns
P=b(l-exp) "

e p = USnaveiangnuanduinan t
b = YSinaudanudalaannnismingasa1is (mL/g DM)

c= dnsnsHanudanatilue (Hadansaadalug)

tharmsuanufaniiaene inanstasaans lauasdunse ing (OMD) uagwaeay
M Uselowils (ME) Tuaamsauaunisuad Menke et al. (1979) Aulammswannsalusiuszive
418 (Short chain fatty acids, SCFA) auaun13v83 Getachew et al. (2002) wagA1IMUNSHARTA

un3lusau (Microbial crude protein, MCP) muaun13989 Blummel et al. (1997)

ME (MJ/kg DM) = 2.20 + 0.136GP (mL/0.5¢ DM) + 0.057CP (%DM)

OMD (g/kg OM) = 148.8 + 8.89GP (mL/0.2g DM) + 0.0445CP (g/kg DM) + 0.651 ash (g/kg DM)
SCFA (mmov 0.2¢ DM) = 0.0222GP (mL/0.2g DM) -0.00425

MCP (mg/g DM) = mg DMD-(mL gas *2.2 meg/mL)
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cd = < o d‘ = d!‘ e L 1 Y l’l
1o GP A U‘immu.ﬂa“wgﬂwam*uuwaqn'rmuﬂaaaa”nm'mm 24 G0

Minveayns
= 1 ﬂll (] n‘ k5 b2 e} al o
2.2 mg/mlL fis Apsiivasstn C H O Tumiie mg Aaamsldlunisaine SCFA fitheniunis

paNLNE 1 Uadans

3.4 n1SNAa 4

NSANYINEAYEIANTAR NN LLAAYI UM SHALATUAIUNTLYAI8IM U WANUADNTLUIUNTT

wiingauavmsndnniadimulasisiauia (gas production technique)
Foeiiuniive
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Table 4.1 Chemical composition of roughage source in total mixed ration (TMR) and

fermented total mixed ration (FTMR)

Total mixed ration (TMR) Fermented Total mixed ration (FTMR) P-value

(%) TMR1 TMR2Z  TMR3 TMR4  FTMR1 FTMR2 FIMR3 FTMR4 S F S*F

DM 9355 o424 9484 9282 9714 9420 9352 9548 ns ns ns
% on DM
OM 8389 8445 8766 8413 8704 8397 8605 850 ns ns ns
Ash 967" o0 " [l ot 1011 ™o’ /l2i8 "W ' * s
P 1663°  1669° 16570 1684°  1809° 17.16° 1818 1821 ns * ns
e 1) _mEAy 243" 358° 555° 478" 3oblbebloc \Wr = =
NDF  4043° 3652 3826 3902  3645™ 3289° 3298° 3459F° = e g
ADF Preg@ \Mogb™ 1831 1908l y 2126~ 1836° %04y %W * s

DM 5883 6580 6249 6140 L y ] - A\ T

DMf L : - = 5599 6421  59.81 5911 - - -
pH / : . : 5.07 557 516 s/ W Il -
NH,-N . - . . 163 “yad51A 1 2636 _ 117N - | N - -

1

TON 64.58 64.87 68.78 66.86 63.05 66.99 71.45 70.47 - - -
ME’ 2.34 765 2.49 242 2.28 242 2.59 255 5 - -

DM = Dry matter, DMf= Dry matter after fermented, OM=0rganic matter, CP=Crude protein, EE= Ether
extract, NDF= Neutral detergent fiber, ADF= Acid detergent fiber, TMR 1 = rice straw, TMR 2= water
spinach straw, TMR 3= mung bean pods, TMR4= rice straw mixed with mung bean pods, FTMR =
fermented total mixed ration, ns = non signiﬂcént, * = significant (p<0.05), ** = significant (p<0.01)
¢ mean with in column with different superscripts are significant different
®Calculated from NRC (2001); TDN = tdNFC + tdCP + (tdFA x2.25) + tdNDF — 7

*ME (Mcal/kg DM) = Metabolizable energy; calculated from Kearl (1982); 1 kg TON = 3.62 Mcal
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Table 4.2 Dry matter and Crude protein degradation of roughage source in total mixed ration

(TMR) and fermented total mixed ration (FTMR)

Parameters TMR1 TMR2 TMR3 TMR4 FTMR1 FIMR2 FIMR3 FIMR4

Degradability of DM (%)

a 53.98 53.15 49.49 50.69 60.74 58.93 53.84 52.48
b 26.06 32.50 35.59 30.55 24.49 33.6 34.33 34.30
C 0.032 0.041 0.053 0.056 0.025 0.028 0.0d44 0.041

Washing 45.95 49.42 49.32 48.02 a7.09 52.84 47.19 46.49

loss
p 80.04 85.65 85.08 81.24 85.23 92.53 88.17 86.78
ED 64.15 67.79 67.80 66.83 68.90 70.99 69.91 67.93

Degradability of CP (% DM)

a 67.58 51.89 65.24 64.07 66.10 64.44 64.40 60.18
b 12509 24.90 24.99 18.23 22.10 21.29 28.94 51.29
C 0.047 0.127 0.049 0.074 0.022 0.039 0.038 0.033
P 79.87 82.79 90.22 82.29 88.20 91.739  93.34 91.47
ED e & 15.75 77.60 74.95 72.85 76.40 76.89 12.62

TMR 1 = rice straw, TMR 2= water spinach straw, TMR 3= mung bean pods, TMR4= rice straw
mixed with mung bean pods dried, FTMR = fermented total mixed ration, a= degradation of
immediately soluble fraction, b= degradation of insoluble fraction , c= rate of degradation,

P= potential of degradation, ED= effective degradability
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" Table 4.3 In sacco degradation of dry matter and crude protein in total mixed ration (TMR)

and fermented total mixed ration (FTMR)

Time TMR 1 TMR2 TMR3 TMR4 FTIMR1 FTMR2 FTMR3 FTMR4

Degradability of DM (% DM)

a4 56.12 58.00 56.72 56.58 63.22 63.08 61.21 58.91
8 60.73 61.66 61.11 62.23 63.37 67.03 62.49 61.63
12 62.82 66.25 66.25 65.77 68.56 69.32 65.95 63.82
24 67.55 73.56 1551 73.17 7339 76.60 71.85 75.65
ag 73.75 80.27 82.64 79.09 (529 86.43 84.77 82.28
2 77.81 84.33 83.91 80.89 82.50 88.78 85.83 84.59

Degradability of CP (% DM)

4 68.02 67.30 68.65 69.07 67.48 69.54 69.81 65.84
8 73.36 74.74 74.18 71.14 67.80 71.42 71.26 66.44
12 73.80 VL kT 77.59 et 73.81 72.75 12.97 68.21
20 74.64 79.42 81.64 79.44 76.24 81.63 82.53 T3
a8 71.96 83.46 87.08 80.70 77.83 88.93 89.62 85.26
72 80.21 83.50 90.29 82.98 84.89 89.06 90.55 88.29

TMR 1 = rice straw, TMR 2= water spinach straw, TMR 3= mung bean pods, TMR4= rice straw

mixed with mung bean pods dried, FTMR = fermented total mixed ration
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Figure 4.2 Dry matter (DM) degradability (%) of roughage source in total mixed ration ; TMR 1

= rice straw, TMR 2= water spinach straw, TMR 3= mung bean pods, TMR4= rice straw mixed

with mung bean pods, FTMR = fermented total mixed ration
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Figure 4.3 Crude protein (CP) degradability (%) of roughage source in total mixed ration ;

~TMR 1 = rice straw, TMR 2= water spinach straw, TMR 3= mung bean pods, TMR4= rice straw

mixed with mung bean pods, FTMR = fermented total mixed ration
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MSWINEBEWINTUUY in vitro gas production uRafirAnldannisnsingaginunyseidi
narAnannsviindesld Wy nsaluuanady (short chain fatty acids, SCFA) nsuinqduv3d
TUsAu (microbial protein, MCP) kaga@nnsayUsziiunsteslavodunialsg (n vitro organic
matter, OMD) wazmsdoslainguits (dry matter degradability, DMD) waauliuszlomila
(metabolizable energy, ME) Tafaj et al. (2005) 5189771 Kardnufaszianuduiuslununiy

aududuresnsalaiuasdulunszimnzguilaainnisinumaasiad
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asvdwminvhlinmsdeslddauiiganitemslivin wasnuitemsnauasudlininegsilinns
goglavaidunieing msuannIaluiuaedy nandaufawasndanuldussloniligeaniemnsnay
AU (P<0.05) Fadimudafusenuues Cao et al. (2010) lisneamuliiuneiidsesngams
WS UA T fiumsdesdvesiauie Tsiu msdelemnminvaduazdunisinggeniamis
naasudLAlivin uenaniidafiunisdnnsalutussmeiedie sghalsinuisnaiemsuay
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Table 4.4 Fermentation kinetics of roughage source in total mixed ration (TMR) and

fermented or non fermented total mixed ration (FTMR)

[terns Source of Roughage in TMR' Method of TMR | SEM P-value '

RS WSS MBP RSMBP NF F 5 M S5*M

In vitro gas production parameter2

b 1455 | 153.7 | 153:8 | 154.7{164.7 | 139.2.}| 6.21 ns i J ns

C 0.102 | 0.115 |0.092 |0.111 |0.084 |0.128 |0.018 ns i ns

In vitro accumulative gas production (mL gi1 0k

GPa 2698, | A7 4R _L-2eM A 76.23 | 22.2%, 1 30.73~| 345 ns 2 ns
GP8 58.80 |60.43 |57.43 | 60.03 |55.81 |6253 |4.72 ns ns ns
GH12 | 80.04 |81.46 |79.07 | 8179 |79.73 |81.46 |4.63 ns ns ns
GH24 109.2 | 111.1 [112.6 *| 1123 | 117.7 | 1049 | 4.22 ns ¥ ns
GH48 120.4 111250 | 130.1.| 125.1 | 1369 [113.5 [ 5.63 ns i ns

' RS= rice straw, WSS= water spinach straw, MBP= mung bean pods, RSMBP= rice straw mixed with mung bean pods, NF =
non fermented TMR, F = fermented TMR, S = source of roughage in TMR, M= Methed of TMR

b, asymptotic gas production (mL g'i DM) ; c, rate of gas production ("

6P = gas production at time 4 h, 8 h, 12'h, 24 h, 48 h

*ns = non significant, * = significant (p<0.05), ** = significant (p<0.01)
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~ Figure 4.4 Cumulative gas production of roughage source in total mixed ration ; TMR 1 = rice
straw, TMR 2= water spinach straw, TMR 3= mung bean pods, TMR4= rice straw mixed with

mung bean pods, FTMR = fermented total mixed ration

INNSANYIVR4 Pi et al. (2005) WU msHaLasud Ll duwee e UG i
nsdmdnuasltdawdnlidmarenisuingdunislusiu winssaudnazifiunisuanuiia Ll
wisnldusslanilduaznsteslsdunioing mendhermsuaursudiumeludeilansenladuas
wraldoneanlen wuRunsnanuia wasnuldustlenilduazmsdeeliduniedng (Pi et al, 2005)
wanAnnsalusiuaneduaviiuinaanas ﬁmﬁ'qummﬂsmaz?&aﬂaxqﬁul,ﬁaLﬁuﬂ‘%mmmmwmumﬂ
28 1y 42 Wehdus TuemnsnaunsudniEeslandmeun (Ackeren et al., 2009) DIMNIHENATY
druiidtunswingaunsoannsUanUassuiaiinu ’rJ’F(lLﬁuLW’i’lSa’}‘WI'SQﬂwﬁﬂlﬂLﬂUﬂvaﬁﬁIﬂ
in vilvaanisadedinu (Cao et al, 2010) Ay wenIviaruIneynATateWNIValua N IHEY
asudiuaziinadanszuunIningasa1mslunszinizminessla #udl N13AAAIUEII0UNNA
21MITVBIVAL szilinszuiunsnsingesamslunseomnevinlaiudu uazn1sanaduesvuin
synAeIeIUaIN 25 Wy 11 uas 5.5 Tadns ailunsudouiia (Tafaj et al, 2005) nstiiy
Unauenmsvienuann 28 Wy a2 wesidud luswnsnauasuduaginisiuldanaasiinadanis

Wigulnlugnlavdeaduuanas (Ackeren et al., 2009)
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Table 4.5 Rumen fermentation profile of roughage source in total mixed ration (TMR)

ensiled or not ensiled

ltems Source of Roughage in T™R' Method of TMR® SEM P-value
RS | Wwss | MBP | RSMBP | NF F 5 F S*F

Rumen fermentation proﬁlé ;

OMD 790 772 797 792 I 799 30.78 ns w5 ns
ME 10.67 | 10.78 | 1091 | 10.89 |11.22 | 10.41 | 0.288 ns o ns
OMD 491.57 | 495.55 | 481.91 | 492.42 | 498.58 | 482.14 | 7.279 ns == ns
SCFA 0.482 |0.490 |0.497 (0494 |0.518 | 0462 |0.018 ns = ns
PFz, 14,52 W02 I8 21| | 14.200MidniivadifD 07 | TA8AD ns ** ns
GYy 138.2 | 147.2 | 1413 | 1420 | 153.0 | 1313 |10.23 ns g ns
MCP 550 521 549 545 518 568 34.27 ns ns ns

' RS= rice straw, WSS= water spinach straw, MBP= mung bean pods, RSMBP= rice straw mixed with mung bean pods

2 NF = not fermented TMR, F = fermented TMR

* DMD, dry matter degradability (mg g’ DM); ME, metabolizable energy (MU ke DM); OMD, in vitro organic matter

degradability (g kg'1 OM); SCFA, short chain fatty acids (mmol 200 mg_1 DM); PFy, , partitioning factor (mg DMD/ml gas); GY .,

gas yield at 24 h (mL gas ¢ DMD); MCP, microbial crude protein production (mg g’1 DM)

“ns = non significant, * = significant (p<0.05), ** = significant (p<0.01)
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grTenduadusenatluemns (5197 4.6) arsatnanudaginlviniseaauiaanasmuseiuvas
ansananuEa st luomng Sseraiiuraunainnisanasasmsnanuiaiing dmnsuan
ufalu 6 lueusAveenisvaeglisaeiy wihilessduvesansanaanudnvuiintuluamsuay
wdsanminuy 12 Frluslludn NsKARLRAzanasInsEauYa s TN lue s deuansly
A 4.5 nasdeufaavanit 72 Salusvdemtinuy szanasUszana 40 Waedidus luemisiitiansann
PnwEn 6 Wesdus Wewdsudsufuomnsibitiunnudas G159 4.6) daudnsnnisees
aaneflinauienty nanie Weduasataanudamagyinlidnsnsdevaareanawmussau
asafinfiiy Feradumnehmsainnnudaneziinadenisiaurendunidlnennzndulus

Tnsd (Hu et al,, 2005; 2006)
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Table 4.6 In vitro gas production parameters and cumulative gas volume at various

incubation times of roughage source in total mixed ration (TMR) with or without Tea seed

extracted
ltems Source of Roughage in TMR' | Tea Seed Extracted (%) SEM p-value *

wss | MBP | RSMBP 0% 3% 6% S T S*T
In vitro gas production parameterz
b 1303 | 1245 | 121.9° | 1483" | 123.2° | 1053° | 3.886 #x *xx *
c 0.087° | 0.082%® | 0.078° |0.095" | 0.082° | 0,071 | 0.004 i xex *
In vitro accurnulative gas production (mL ¢ DM) .
GP6 4572° | a566° | a143° | 4652 | 4389 | 4239 | 2315 | * ns ns
GH12 | 7626° | 7549° | 69297 | 7708" | 75.74" | 6823 | 3367 . * ns
chza | 1065° | 1039 |981° |1130" | 104.4® | 911 | 3805 * *xx ns
chas | 1227 | 117.8% [1109° |1356" | 119.2° | 100.7° | 381 x xex ns
iz | 125.4° [ 1197® [ 1181° | 160.1* | 121.3% | 100.7° | 3.847 + x4 *

' WsS= water spinach straw, MBP= mung bean pods, RSMBP= rice straw mixed with mung bean pods

%p, asymptotic gas production (mL g'l DM) ; ¢, rate of gas production (h")

® Mean of the accumulative gas volume at time of 6, 12, 24, 48 and 72 h

“ s = non significant (p>0.05), + = significant (p<0.07), * = significant (p<0.05), ** = significant (p<0.01), *** = significant
(p<0.001)

2ec mean within a row in source of roughage in TMR within different suparscripts are significant different (p<0.05)

ABC L ean within a row in tea seed extracted in TMR within different superscripts are significant different (p<0.05)

NANARNITHINGDERIUS

uase ey sHANAsUALLaYIsRLLAL LRLETENAINIBAT AN IZUIUNTT
ﬁﬁﬂﬂuawmiﬁaaﬁwmﬂﬂmwwsgmu‘uaqiﬂiﬂﬁ% in vitro gas technigue lABHARARIINNTZUIUNT
winemsmaassuimase v veuliiinadensnangdunidlusiu ufadinu uasmsdeulaing
W4 a'f;um3@%736ﬁ’mmmué‘mmﬁwaﬁﬂﬁmmémLLﬁa A dunsaais weuludelulnsiau
wsuliusslenild msteslddunie g uasnsaluiumeduanas suvinaesansainainda
Ruauluemns (A7 4.6) denAdeiusiesuass Hu et al. (20053, b) nstdansaniuiiud
afnanwanY (Tea saponin) ludns 0.2 waz 0.4 fadnSudediaddng AnwILuY in vitro WUl 9
Tuiuvlsannisudnwenlaniy uasuRadvu 19.6 uas 26 Wosldud wagarsatnanudnyianng
anmsndnimusaziesliiislderadunsznsansuauvedusiadrnnmsivasatnannuwdae
Tupmnsdnl (Hu et al, 2006) s Trualuasranasudminaedn Tavinliian
oo lulnsiaunasnsnesdndnlunssmnznsinasmussauiiiinluamms (50-150 nfuseilansy

SwTnusteraseming) (Xu et al, 2007) Tusaedinisldninuidondenluemiskauasudiudniges
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wnznuainuunsasn wenluilslulasunasnsalutuanedulunszinzndnuesuns ludaiy

(Cao et al., 2009)

Table 4.7 Rumen fermentation profile of roughage source in total mixed ration (TMR) with or

without tea seed extracted

ltems Source of Roughage in T™R' Tea Seed extracted (%) | SEM p-value ®
WSS MBP RSMBP | 0% 3% 6% sl TI5%1

Rumen fermentation proﬁte3

pH 554 5.49 548 | 558" | 549° | 541|003 |ns|**| ns
NH,-N 6.72° 6.45% 611\ l6.75" | 1 BAE" | SN0 NS | | =
Met 45.50 44.16 4388 | 48.63" | 45.26% | 30.66° | 086 | + [ ¥ | *
DMD 7024 7225 7155 | 7279 | 727.0 | 7255 | 2796 |ns | ns | ns
ME 10.44° | 1030%® | 9.88° | 1090" | 1031° | 9.41° | 026 | * | **| ns
OMD 470.2 467.9 474.7 | 4888 | 4743 | 449.6° | 667 [ns|*** | ns
SCFA 0.47° 086 | 043° | 049" | 046°% | 039° | 001 | * | **| ns
PF,, 14.81 14.09 14.06 | 16.12" | 13.96° | 12.88° | 1.09 |ns | **| ns
GYas 143.9 143.6 1383 | 155.8"% | 1443" | 125.7° | 769 |ns|**| ns
MCP 508.0 499.7 4938 | 526.7 | 4957 | 479.1 | 2946 [ns | ns | ns

! Wss= water spinach straw, MBP= mung bean pods, RSMBP= rice straw mixed with mung bean pods

%ns = non significant (p>0.05), + = significant (p<0.07), * = significant (p<0.05), ** = high significant (p<0.01), *** = very high
significant (p<0.001)

’ NH5-N , ammonia (mg%); Met, methane (mg g’1 DM); DMD, dry matter degradability (mg g'1 DM); ME, metabolizable energy
(MJ kg DM); OMD, in vitro organic matter degradability (g ke OMY); SCFA, short chain fatty acids (mmol 200 rng'1 DM); PFyz,
- partitioning factor (mg DMD/ml gas); GYy,, gas yield at 24-h (mL gas gi1 DMD); MCP, microbial cruds protein production (mg g
' DM)

2bc ean within a row in source of roughage in TMR within different superscripts are significant different (p<0.05)

ABC ean within a row in tea seed extracted in TMR within different superscripts are significant different (p<0.05)

NI Getachew et al. (2005) InmsAnwrlua I THENATUAIUTBILAUL WUTINS
BRI RETIST R U TEn 80 Wesdud Tuthe 26 drluswsnvdsniavidnuy @enede 33.4 my/
¢ DM of incubated) T,maLtﬁaﬁmuqnmﬁmﬁu‘[uﬂszmeﬂnmmé’milﬁamgm wazgnuanuasslagnis
levedniiiedes Teduiitkasennandinuludaiidouies fnarethis Ae UMD
am ?;fumwmaammsﬁﬁu wazuszansnnnisningasamnslunsziniznin (Getachew et al,
2005) 91N5189ULRT Hristov et al. (2014) namda sasinssdaiimuanlaluswdniussann 8-13
Wedug vt aady 20 niuseAlaniuemnswieiiny fufunsdanislidaidussansnmlunsld

1 :E = =y - s = 1 =
21715 Laanisgavarvasidsuidunandansalnsfiledinlunszinizninazdalasunisannis
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VanUassufadmugusseinela Falunszruntsvingesemslunssmensinvelaasiintudes
Fumou na1fe m‘m'imnmﬁu‘tmmmgﬂwﬂne}aUmﬁamﬂuﬂsmLLaﬂﬁﬂﬁ%animlwg"}ﬂ waggn
Wanudunselnsiledn wazdadimsnaoninsalnsilednluldiduunamdsnu Fslunszuiuns
ﬁﬁﬂEjE]EJﬂiﬂLLaﬂaﬂiﬂﬂﬂauﬂ‘%Ejm‘ffﬂiﬂuaﬂﬁﬂ‘tuﬂiﬂLWl:.‘WﬁﬂLLﬁ:iiﬁwﬂwaﬂﬂiﬂiﬂiﬁiaﬁﬂﬁﬁu‘ﬂﬁaﬂﬂﬁ
ahufaiinungididanseuazgnldlunisainsalnsiileln ilwlimdelalnsausznouiias
lusinfuansuaulaeenlediiiaadrufating viliannisUantaseiivnuld (Cao et al, 2010)
ﬂ']if[,ﬁmm'aﬁm’it.?l{mLﬁyaﬂugﬂLLUUmmwaumuaﬁuﬁﬁad’nﬂumﬁmﬂﬁﬁmmm{mwﬁﬁﬂﬁﬁmi
T¥omsldednivszansnm lnsmsuiuaunadmsiauvesgdunidlunsamngninilaanis

egq;Lﬁm'qé’muiugﬂuﬁaﬁmﬁQnﬂamﬂa’aaaaﬂm (Getachew et al., 2005)
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Figure 4.5 Cumulative gas production of roughage source in total mixed ration with or
without Tea seed extracted (0, 3 and 6 %); WSS= water spinach straw, MBP= mung bean

pods, RSMBP= rice straw mixed with mung bean pods
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Effect of roughage sources in total mixed ration on fermentation kinetics by using in vitro gas technique
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Pattaraporn Tatsapong Pavila ChongmeeKhwamsul' and Thanita Kamonsurachte'

Abstract

The objective of this study was conducted effects of roughage sources in total mixed ration (TMR) on
fermentation kinetics by using in- vitro gas production technique. Total mixed ration were formulated from
difference source of roughage. The experiment was determined according to 2x4 factorial arrangement in
completely randomized design (CRD) as First factor was total mixed ration (TMR) and fermented total mixed
ration (FTMR), Second factor 2 was roughage source (rice straw, water convolvulus straw, mung bean pods and
rice straw mixed with mung bean pods. The results showed that source of roughage in TMR .The water
convolvulus straw as a roughage source in TMR was lowest in NDF and highest in lignacelluloes (ADF) in TMR.
Rice straw as a roughage source in TMR was highest in NDF than another. In conclusion, source of roughage in
TMR had affected on cellulose and lignocelluloes of TMR, but did not influence on fermentation kinetics. The mung
bean pods and mung bean pods mixed with rice straw as a good recommended for roughage source in TMR. The
ensiling TMR did improve quality of TMR, although fermentation kinetics was lower than TMR.
Key words: total mixed ration, fermented total mixed ration, TMR ratios, crop residual
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Table 1 Chemical composition and fermentation kinetics of roughage source in total mixed ration (TMR) and

fermented total mixed ration (FTMR)

Total mixed ration (TMR) Fermented Total mixed ration (FTMR) P-value

T™R1 TMR2 TMR3 T™MR 4 FTMR 1 FTMR2 FTMR3 FTMR 4 A B A'B

OM 8389  g44s5 87.66 84.13 87.04 83.97 86.05 8650 fnswifs | B
cP  1663°  1669°  1es7° 16.84° 1809° | 17167 | 1848° 8217 |~ s | ns
EE 1.38° 3.18° 9439 3.58° 5.55° 472 3508 37§ f=te\ = [ B+
NDF  4043° 3652™  3826°° 3000% 3645 30899  3008° gy N A N s
ADF  1762° 1005™ 1831 1928 10457 21267 453 2044 = Al e
DM 5883 65.80 62.49 61.40 58.83 65.80 62.49 61.40 . ; ;
DMf - - s c 55.99 64.21 59,81 59.11 / . _
= 1374 -1282  -1345 -13.37 -11.81 -14.96 7,91 652" ns  ns  ns
b 8499 0098 00967  8s55° 69.77° 7385 7648 776° + s s
c 003" 0074  0084% " 0087% 01227 g1ss? 0099 0.136ab * ps  ns
P 7126  7816°  7751°  75.48° 57.95°  5869° 68277 6124° = s s

DM = Dry matter, OM=Organic matter, CP=Crude protein, EE= Ether extract, NDF= Neutral detergent fiber, ADF= Acid detergent
fiber, TMR 1 = rice straw, TMR 2= water convolvulus straw, TMR 3= mung bean pods , TMR4= rice straw mixed with mung bean
peds, FTMR = fermented total mixed ration, a = the ideally reflects the fermentation of the soluble fraction, b= the fermentation of the
insoluble fraction, ¢= rate of gas production, p= potentialextent of gas production (a+b), ns = non significant, * = significant

(p<0.05), ** = significant (P<0.01): ** mean with in column with different superscripts are significant different
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Figure 1 Cumulative gas production of roughage source in'total mixed ration ; TMR 1 = rice straw, TMR 2= water
convolvulus straw, TMR 3= mung bean pods, TMR4= rice straw mixed with mung bean pods, FTMR =
fermented total mixed ration
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Effect of roughage sources in total mixed ration on rumen digestibility using nylon bag technique

Y] s d a
A3as ened'* 15355% MIGNND’ HAT FINGA MNBINY'

Pattaraporn Tatsapongl, Worawat Phasukkit' and Surakit Khatongthungl

Abstract

The objective of this study was conducted effects of roughage sources in total mixed ration
(TMR) and fermented total mixed ration (FTMR) on rumen digestibility using nylon bag technique.
This study was measured in sacco digestibility of two cannulated Brahman crossbred (2 years old).
Treatment were total mixed ration (TMR) and fermented total mixed ration (FTMR) containing with
difference roughage source (rice straw, water convolvulus straw, mung bean pods and rice straw mixed
with mung bean pods. The results showed that water convolvulus straw, mung bean pods as a roughage
source in total mixed ration were high potential degradability and effective degradability of dry matter
and crude protein. The fermented total mixed ration was higher potential degradability and effective
degradability of dry matter than total mixed ration. The potential of degradation of crude protein was
highest in fermented total mixed ration. In conclusion, the mung bean pods and water convolvulus
straw could be recommended for roughage source in TMR. The ensiling TMR can improve quality of
TMR and use for feeding management in ruminant production.

Key words : total mixed ration, crop residual, rumen digestibility
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Table 1 Ingredients of total mixed ration (kg/100kg)

ingredients TMR 1 . TMR 2 TMR 3 TMR 4
Rice straw 28 - = 15
Water convolvulus straw m 33 - - 5
Mung bean pods - = 32 16
Cassava meal 23 23 23 23
Rice bran 15 14.5 13 13.5
Ground corn 1575 13 13.5 13
Soybean meal 8 | 4 6 7
Molasses 8 8 8 8
Urea 2 2 2 2
premixed 1 | 1 1
Dicalcium phosphate 0.5 0.5 0.5 0.5
Mineral | 1 1 1

Table 2 Chemical composition of roughage source in total mixed ration (TMR) and fermented total

mixed ration (FTMR)

Ratios’ Chemical composition (% of DM)i DM of DM after ~ NH3-N
OM CP Ash NDF ADF TMR fermented  (mg%)
TMR 1 83.89 16.63 9.67 40.43 17.62 58.83 F
TMR 2 84.45 16.69 9.79 36.52 19.05 65.80 A .
TMR 3 87.66 16.57 7.18 38.26 18.31 62.49 = -
TMR 4 84.13 16.84 8.68 39.02 19.28 61.40 = .
FTMR | 87.04 18.09 10.11 36.45 19.45 58.83 55.99 16.27
FIMR 2  83.97 17.16 10.24 32.89 21.26 65.80 64.21 15.14
FTMR 3 86.05 18.18 7.48 32.98 18.36 62.49 59.81 16.36
FTMR 4 86.50 18.21 8.99 34.59 20.14 61.40 50.11 16.17

'DM = Dry matter, OM=0rganic matter, CP=Crude protein, EE= Ether extract, NDF= Neutral detergent fiber, ADF=
Acid detergent fiber
*TMR 1 = rice straw, TMR 2= water convolvulus straw, TMR 3= mung bean pods dried, TMR4= rice straw mixed

with mung bean pods dried, FTMR = fermented total mixed ration
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Table 3 Dry matter and Crude protein degradation of roughage source in total mixed ration (TMR) and

fermented total mixed ration (FTMR)

Parameters TMR1 TMR2 TMR3 TMR4 FIMR1 FTMR2 FTMR3 FTMR 4

Degradability of DM (%)

a 53.98 53,15 49.49 50.69 60.74 58.93 53.84 52.48
b 26.06 32.50 35.59 30.55 24.49 33.6 34.33 34.30
c 0.032 0.041 0.053 0.056 0.025 0.028 0.044 0.041

Washing 45.95 4942 49.32 48.02 47.09 52.84 47.19 46.49

loss
P 80.04 85.65 85.08 81.24 85.23 92.53 88.17 86.78
ED 64.15 67.79 67.80 66.83 68.90 70.99 69.91 67.93

Degradability of CP (% DM)

a 67.58 57.89 65.24 64.07 66.10 64.44 64.40 60.18
b 12.29 24.90 24.99 18.23 22.10 27129 28.94 31.29
c 0.047 0.127 0.049 0.074 0.022 0.039 0.038 0.033
B 79.87 82.79 90.22 82.29 88.20 91.739 03.34 01.47
ED 352 75.75 77.60 74.95 72.85 76.40 76.89 72.62

TMR 1 = rice straw, TMR 2= water convolvulus straw, TMR 3= mung bean pods, TMR4= rice straw mixed with
mung bean pods dried, FTMR = fermented total mixed ration, a= degradation of immediately soluble fraction, b=

degradation of insoluble fraction , c= rate of degradation, P= potential of degradation, ED= effective degradability
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Table 4 In sacco degradation of dry matter and crude protein in total mixed ration (TMR) and

fermented total mixed ration (FTMR)

Time TMR 1 TMR2 TMR3 TMR4 FTMR1 FITMR2 FTMR3 FTMR4

Degradability of DM (% DM)

4 56.12 58.00 56.72 56.58 63.22 63.08 61.21 58.91
8 60.73 61.66 61.11 62.23 63.37 67.03 62.49 61.63
12 62.82 66.25 66.25 65.77 68.56 69.32 65.95 63.82
24 67.55 73.56 75.31 3. 1%, 73:69 76.60 77.85 75.63
48 1306 80.27 82.64 79.09 75.29 36.43 84.77 82.28
72 77.81 84.33 83.91 80.89 82.50 88.78 85.83 84.59

Degradability of CP (% DM)

4 68.02 67.30 68.65 69.07 67.48 69.54 69.81 65.84
8 73.36 74.74 74.18 71.14 67.80 71.42 71.26 66.44
12 73.80 ¥y 77.59 75.61 73.81 72.75 72.97 68.21
24 74.64 79.42 81.64 79.44 76.24 81.63 82.53 79.33
48 77.96 83.46 87.08 80.70 77.83 88.93 89.62 85.26
73 80.21 83.50 90.29 82.98 84.89 89.06 90.55 88.29

TMR 1 = rice straw, TMR 2= water convolvulus straw, TMR 3= mung bean pods, TMR4= rice straw mixed with

mung bean pods dried, FTMR = fermented total mixed ration
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In vitro Ruminal Gas Production Kinetics of Three
| Roughage Sources in Total Mixed Ration with or without

5
' Tea Seed Extracted

, Fnans i ansiai useans” uaena wistin? uas Saunnsal imwaiaa”
41 in‘gumﬁmé”mm 4} ' Pattaraporn Tatsapong’’, Amornrat Wanangkarn”, Sangdoaw Hanpok” and Raltanaporn Tapsawad"
AR5, ANIZINEATH o
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bstract: This study was conducted to determine the addition of tea seed extracted in total mixed

n (TMR) of three roughage sources on fermentation kinetics and methane production. The

mm’éqmaqmm ¥ F ‘ ‘ ‘
| )eriment was determined according to 3x3 factorial arrangement in completely randomized design
ANV NDINTE A
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. aw mixed with mung bean pods (RSMBP)) and factor 2 was level of tea seed extracted (0, 3 and
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’ 6% of DM). All feed samples were added with rumen fluid mixed with artificial saliva and incubated in
o SR 0litro gas fermentation for 72 h. The results showed that the roughage sources had no significant
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i } erences (P>0.05) for methane, microbial crude protein production (MCP), dry matter degradability
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. ghage source in TMR and tea seed extracted can be used not more than 3% of feed, its affected
nation of reducing s
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Table 1 In vitro gas production parameters and rumen fermentation profile of roughage source i -

total mixed ration (TMR) with or without teé seed extracted

Items source of roughage inTMR' tea seed extracted (%) SEM P-value*
ss  MBP  RSMBP 0% 3% 6% s 7 oo

In vitro gas production p-arameter2 ;

b 130.3° 1245° 121.9° 1483* 1232° 1053° 388 3
i c 0.087° 0.082" 0.078° 0.005° 0082° 0071° 0004 + + A
f{ Rumen fermentation prcfi%e3 . B
- oH 551 549 548 cegh o 549" 540° 003 s e M
NH N 672 6450  611° 6.75" 653" 599° 027 o
;—:‘: Mel ~ 4550 4416 43.88 4863" 4526° 3966° 086 ns ¢ :
DMD = 7424 7225 7155 7079 7270 7255 2796 ns ns  ns :%
ME 10.44° 1030 9.88° 10.90" 10:31° 941 026 * 5 o2 g
‘, SCFA  047° 046>  0.43° 049" 046® 0.39° 001 * s o ol i
: PF., 1481 1409  14.06 16.12* 1396 1288° 109 ns *“  ns l
. | @Y, ~ 1439 1436 1383 155.8" 144.3% 1257° 7.9 ns " ns
? , MCP 5080 499.7  493.8 5267 4957 4791 2946 ns ns DS
ifa ' WSS= water spinach straw, MBP= mung bean pods, RSMBP= rice straw mixed with mung bean

pods

b, asymptotic gas production (mL g'1 DM) ; ¢, rate of gas production G

s - NH,-N , ammonia (mg%); Met, methane (mg g’ DM); DMD, dry matter degradability (mg g DM);
ME, metabolizable energy (MJ kg DM); OMD, in vitro organic matter degradability (g kg‘1 oM);
SCFA, short chain fatty acids (mmal 200 mg"' DM); PF,,, partitioning factor (mg DMD/ml gas); GYas
. - gas yield at 24 h (mL gas g ' DMD); MCP, micrabial crude protein production (mg g’ DM)

- * ns. non significant: , significant (P<0.06); *, significant (P <0.05); ** , significant (P<0.01); ***,
significant (P <0.001)

abed oo within a row in tea seed extracted and source of roughage in TMR within different

superscripts are significant different (P <0.05)
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