NMIAIIVONANT
2.1 anvaena lvesanliiiu (Saponins)

a 4 a
a1 11974 (saponins) 1y sUsenovdszianlnalaled (glycoside) Hilsznovlidae
I :’ A " @ d a 4 [
AU niMaNIYeUADNY IATINDINY (triterpene)  M3DAIAVT08ADZNA 1AU (steroid
\
aglycone) M39ANGUVDIw1 TTiuDIHoLOARIAYD UL IAIAT (surface activity) 31 TUTudIY
v
Tngiiquauidadionednnon Ao i ldinareslni uaal§asonldinanisuandives
<] A = a ' @ 1% ' @ o a a
diadoa Nsavy waziuiydetar dpvauzdnaiudnvaziilivesn Tudunnuau
a ' 1 < a Y ;Y ) a 9 2 v A Y o
555U31A uaoo13lsnar Hdeeniulumssaswunan Tuduiihe saluilegiiuiinis1da
fismvean Tiiu TaverdelaseadevesTuana Tasmuisouialdiflu a1sisznen
I = d
lasimesiiu somAvsosd nalnlad
Tuil aa. 1927 TmsAnutequantiaaieg wazdfnsoemandsinovess Tuiy
1 = =y Yt 1 = £ a L=t 1 a
ataazoen 1Y) a.a. 1987 lalimsnantelassassvess Tuuniunnii 360 viia uag
o d a 2 =] @ ~
Taseadaveslasmesiulnala’led 0311 750 ¥ila Gawaasldmiudaiannasiduly
' < ) @ a a s o
2613590153 Suidlumaninn miwaumalindnszilenasuarnsasaaey Insead1aid
o dy VoA a 9 ' A 3 J L4 o
3wy unasinue Tddu 1aun Tuissugelszanundi 70 296 (@sdn@, 2531)
o a [ 1 9/ o o A a:’ 1 9 1 Jd .
awesovaw Idunuaoudensyeuazinaluislu@osg 18un 296 Scrophulariaceae
4 4
Tﬂﬂmwwﬁ%aqa Digitalis 3f Solanaceae Ao ﬁ%aqa Solanum, Lycopersicon (1033
- A oA . o o A dy = a Jd 4
Papilionaceae fiD W¥@NA Trigonella d Uiy ludsadsInua Tutiulnalaludegluaed
Liliaceae laun W 18 Yucca A0 Yucca elephantipes Regal ., Yucca peninsularis Mckelvey.
kA 1
HagNY af)a Smilax WA Dioscoreaceae 18un Wy afa Dioscorea f10 Dioscorea composite
: s ; y ;
Hemsl ., D. tokoro Makino (10Z9f Amaryllidaceae 18un Wer fa Agave fo Agave atrovirens
o o A o a Yy Y A dv = T
Karw ., A. aurea Brdue. 1151 lasimosiussaan Tiiuny Iavesunnlunylu@ouner uase
.;' 1 & 1 o Y 4
wuluirlu@esgde 1Aun Noluaeddeliil Ao 29f Caryophyllacea, Loranthaceae 1oz
A o o ' LA
Sapotaceae wmm"lmmaswuuaﬂﬂmﬂmnaﬁauq
Y a o 3 o £ U :
wennniiiiniswua 1Uiuludainziadudr ¥9'1dun phylum  Echinodermata

Tasmnizoe1984 14 class Holothuroidea 1¥4 4#AININLIALAE class Asteroidea 15U Ua1a12



¢4 d' a G a
2.1.1 ‘U'ﬂ‘U]‘Vl!mZﬂﬂ]ﬂﬂli’)&‘lﬁﬁﬂﬂiﬂﬂﬂ‘ﬁﬂ]&%uﬂ

Y dy = A o J = Jd
aydusivnuimuazmihnvesaisdszaewaiisinanlasimesiuuseauas
= d a o A a [ @ :/’ dy Y ' @
afesesaa 1ty fuiludei lidesnsumnmin Melimzunumuazmhiiuanaieiu'ly
a A 1 o @ 4 d
aulassaieluana Biesdeyauivediedmsuunuinveslasimesivuosduay
= o a oA 1 a 1 o A dy = F '
adesosa Ty vhiins oy nduivdouuas nuaiGonazdest sudrledieinany
a dy a J o P @ A o '
WuRuianTdiduTnalaled avihadesduduisiusinmsgnsuaindedendin
dy a J a (] 1 o a o g
uonunilg liidulnalaloauriaszgieisinisenveauan uazuawiadudans
195D 1av09510 14 (Hostettmann ,1995)
I3

\

@ ] - A o1
A1519 1 uaAId0e19 Tl dunwy luiisadaeg

a0 T1iu Foiy 2

Diosgenin Dioscorea spp. Dioscoreaceae
Trigonella foenum-graecum Papilionaceae

Hecogenin Agaves pp. Amaryllidaceae
Yamogenin Trigonella foenum-graecum Papilionaceae
Sarsaponin Yucca spp. Liliaceae
Smilagenin Smilax spp. Liliaceae
Glycyrrhizin Glycyrrhiza glaba Leguminoae
Glycyrrhizin Gypsophila pacifica Caryophyllaceae

31 : Hostettmann (1995)

2.1.2 msuvadsznnveaaniliiu
' - o ' 9 o 9 ' A '
msudalsznnvesy Tdduiiy i ldmudnyus TaseadrsludruiSondn
@ ) 1 = (=) ' d a L Al o ' aa .
¢naelny viodusznoun Luilinguana lsdvesan Wiy Feiiseidonit i (genin)
-~ a é 1 1 a o a 1
13091 11T11u (sapogenin)  Faeunsauteoanlfifiu 3 uuvylng awsidavesiiu 1dun
P I . " a J g ‘ 5
'1msmaswu"lﬂaiﬂ"lcm (triterpene glycosides), aAvsoua Inala'leq (steroid glycosides) tag

alRuseuAdan1aeys Inalnlad (steroid alkaloid glycosides)



Steroid class Steroid alkaloid class

' v
2 1 Tnssadrandnvestiuinulus Toiusia 3 wila

N - Hostettmann (1995)

lasmosTulnalalesd daulngezilassahaiuunumuns loadn lasmo i
wiseamiihu 3 Uszinn mwdnuus Tnsearadiu wies sy, oavhor luFunazgioea ua
dwlngezduwdios lusu Taofnnii so wWedigud Tassadrandaniiddy fie a1s sl

A o A (] a d'u [ = =1 I
BUAIN C-12 (13), MTANANUL C-28, C-23 150 C-30 MalAsundauiieusnooung

Tassadraludveunuas lanan winldite lasmesAunuudug



p-Amyrin type i
(oleananes)

a-Amyrin type Lupeol type
(ursanes) (lupanes)

22 Tassaelasmesiuan 135y wilandng

11 : Hostettmann (1995)

Taraxerol Taraxasterol Frifadelin
(taraxeranes) (taraxastancs) (friedelanes)

Glutinone (Hopanes)
(glutinanes)

Y I o a a @
2 3 Tassade lasmesiuan T3ty wilavdng

111 : Hostettmann (1995



' ' ' =1 a E=F=1 A
daudlasmesAudmlngeilnssahadumunz laadnuani lasmesiung

[

siiananyazuanaaeen 1) Wuuuuwass leadn @y uauausy (dammarance)

M4 Tnsaad1vequanisy

111 : Hostettmann (1995)

b4
@ @ d A a
fatiuiiouisoadalasmesiiu viaa1Tumiau (lanostane) wazailamau

a a I
(halostane) laa @t FIavinaanlunza

tanostanes

Holostanes

9 = o a A ada ]
HNS Tﬂsaasw"lmmaswuﬂﬂﬂmﬂﬂuumnaawammmaﬂ‘lumm

31 : Hostettmann (1995)



‘o ' a 31’ @ J
mAvsovd lnalaladgnuuninndt 100 wile Manuagadaunsiziunny Tsauay

vioa I lsauan Taseafediivywsaiic-1s  waz c-19  szifu iwdrleSvama

1Y [} a

(S~ orientated) UADNUNYIITAATIRWNUL C-21 2FAGo3WBUTaN (@ ~configuration)
g

V

v . v .
VWATSNUWUTERNA WML 5, 6 mn TdTuRouanuaszilu leasendani c-3

Spirostan

Furostan

v
£Y

M 6 lnssadnafososs lnalnlayd 119 2 wila

N - Hostettmann (1995)



‘a Jd o I ' a
aiRusovadamanuaiiog 2 Usznn 1dun Tyariiuay (solanidans) uaza 1y Ts Tauau

(spirosolans)

Solanidan

Spirosolan

Y a 7 o J g/l a
MNT IﬂiQﬁ§1ﬂﬂlﬂﬂﬁm€lﬁ@Uﬂﬂaﬂ1aﬂﬂmﬂﬁiﬂq°ﬁﬂ‘ﬂﬂ 2 ¥UA

117 : Hostettmann (1995)
2.1.3 anvavalsenmsvesr v

2.1.3.1 autamedulassadiave sl

s Tiiu g la ladihminlmanadeudrege 1easamsuonierlfusqns
ozt 1dn Tnssadreluanadl 2 Uszian fe Tassaderidamfosovauas Inseadiarila
lasmosiuuoea (A5 uaznuow, 2534) dauﬂlaaﬂﬁﬂﬂuﬁﬁammzagfluinmqammm
Toiulnalaladez@outundolauassdumisnivenii 3 dudaulng enndithefigon
imeRufumisniuousuazedihaalsznmen lae (hexoses), WU 1A (pentose),
wEawu Iaa (methylpentose) ¥3ondulau o1uiunsaglsiin (uronic acid) UazeyWuTdIu

v v
MUIUUULAINA 4-6 KUY

2.1.3.2 auiimvasridinlumsmliia@eaunauand
a o [~ Y 4 a A '
a1 Tsiui I uiadeauaaandl tiosvne Tudu T muanuauisa lunsdusu

Y] 14 < A 1 Y a aaa 1 a @ J @
VBINUIUFAQUDIUALADALLAN Iﬂﬂﬂﬂﬁl'ﬁlﬂﬂﬂQﬂiEﬂiZ'H']'NW"IT’IJuUﬂUﬂ\?ﬂﬂ5$ﬂﬂﬂﬂl'ﬂﬂﬂuﬂ
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3 =3 = a o = a ] ] Y

Waidoauas Feriunina@eseoas luInatiui19s lulnaiu lvasengdaoueniin 1
~ :I a 9y A le ' <

asazaemeludiadeauasiguasinaoilumsazanladuas gaimomdeuasudming

@ 4 a d a a FY

yoswtiadiadeauas Qan, 2534) uazdies liulnalnledinalelaslagalaonsa'ld

o a 2 a 3 [P= vad o < 54 v J ' z <
w1 1Y e Tiiui liliguauniani ddladeauauan asiudadideaguiianaiois

o

hitisuasenamsiudsemuan T lnalaledniahn msizdan Tliiulna laladgn
Y

[ Yy v Yo = a o a Y
Uﬂﬂﬂ?ﬂﬂiﬂ‘i,UﬂiZlWTgﬂ'lﬂ'ﬁ UﬂL'J‘Nﬂ1ulﬂﬁUIﬂfJﬂ']'iﬂﬂ?)'ﬁ]Lﬂﬂﬂ']']iJﬂ]uWH‘lﬂ

wa o a a 1 A Ada .
2.1.3.3 anvaanuiunvveanlifiuae aaniyins wandan
a a 1 v Ja 3
s Tliuiluiivdedaiivioledaomienluvnanindudu 1:200000 &romaii 11
] k o a [ 3 I a o <]
ur A lFa Thiulunissudar Auasdaniudumsize 1w s aidoana suan
a o 9 A =1 q' 4? d' o 1

1 111U 1H epithelium ¥0UNTONT permeability 1NNAY electrolyte lumaraanid1fnse

FInlarvelnavengniouen (Hostettmann, 1995)

2.1.3.4 auvavesn lUHiuiienmInaasua1eds Liebermann-Burchard
Y ° aan [ 4 a [~ Pt
ey ATeniunsmadeu Liebermann-Burchard sifissoodan T1)iu ldwauanifiuad
oy a A = 3' a ! I o a 9 = Y A (]
WkuMSoelui IRy mu'lmmaswuu@amﬂﬂuu"lﬂwammf]uawmawmmmm

(IR ] { 1 @ 1 a
udnd1a lsinudnilsngerwandiadu T 1damsisznouudaz siia

2.1.3.5 quanAavesnlidumsiudimsnsaRvlave uven

= ‘S{o

) 1 Q( \ o -4
1 1 iiuaunn wenanlgnsidums antibiotic BoU7UA7 dalignsiiatadesn

9y
= A

v [ Y v
(antimycotic) NAd 2w 9 TTuhaedes 1dae: lirevimedouuniics gnimaodes

Y
A a =

a 4 =} { s Jd 1 12
191AANFD3 1T cytoplasma membrane Nlsznoudoamdssons druludosdunsdlss

Qq

dauna1d91 (Bo51920379 hypha NARAUNG 11aZ hypha szumneen (o, 2534)

2.1.4 szvIUMsTUA I Ty

'

v
Y =2

@ o o 4 = 4 @
mydunszv lasdavdveslasmesiunaz aifvsond asgnadaduainmssaudu
¥o 1o T¥W3u (isoprene) 6 nieuazilasnmsduasiedisuduninneyiusves
=S a9 3 a 1 a [ S
ATAAU (squalene)  WVoduUTBTINIUAAINMTTUATIET dzandu-23-8nen log

s =) a s . o
(squalene-2,3-epoxide) 138 9ONY ladzAI1AY (oxidosqualene) AMMMIAWAITYARITUITIL
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L a o S A Y a a o ~
ur Y FunavIneu lad laasa (cyclases) lasmosiuiutosaliniiuou 30 ovaou vazh
AT DUANDZADNYDIAT VDU 27 DEADY

A a = Y o &g ' &£
Nr¥UAA 1 UANNEINITa lunssn TuTaswuezaoudniuaie Tasudlud1unile

=1 d o g a a =3 = d @ J& oy 9
YDIMAYIDYA M I INAN AN TVDINABIDUAD A0 T 11509z unUN 18 Tasasaly
wylaasenda drunsaeziilu udds liansadudu'ldd a'luTs Teuau (spirosplans) taz

a [~1 =1 [ v a [ @ I'4 v A @
Taa111taY (solamidans) Wuieaan s dulygIuNgNFUATITHIINTTANREITY

(Hostettmann ,1995)

Cycloartenol Lanosterol

7\ /\.

cucurbitacins quassinoids

TETRACYCLIC
TRITERPENOIDS (Cyn)

Cholasterol

i

TRITERPENQIDS (€ 55}

STERGID E STERDINSG CARDENOLIDES
ALKALOLOS i (s}

'

a o s J = L4
MNS ‘mmmiwmm"lmmaiwmmzmasaﬂﬂ

N Hostettmann (1995)
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2.2 anvana lveansw 1y (sarsaponins)

4 a . < A Aa o w a A A ) 9y
1591101 (sarsaponins) 1w T dundunvimdragaianilsngmiin 1y
o o Jd 4 a 3 a o
Ysglomilumalgaaiodisninene Tasansan T dwiluan Tdfdulsainnaifesesd na-
o [ o ¥ = A A ' s <) A d'dy a
Inlganananndduvesisana Yucca NVF091 Yucca schidigera Taoilumynauluysim
Y 9 @ a 3 a 4 A A I A '
unaavedlssmaansgorusnmuazidnd In 15w 1Uduisen1an1sAvalsse 1oy
Sevarin”, Micro acid", Deodorase ‘11ag DK sarsaponin 30"
J a 4q Y = 3 dyd . R 2w ] a
415571 1Hun141lunsAny1nsell Ao DK sarsaponin 30" Tanvazdluwadinuny
HAY MIMTAFANNE AUV Yucca  schidigera Tavli1dmsiadl ianuannsadudu
v
. . . o/ Al J . . L7
uow Tuiily (ammonia binding) B, value < 6.0 uazﬂummu"lwg?ma (urease inhibition) I <
4 a I~ o ' J 3 o :‘ Y
6.0 uagimiw luimiuesnlsznouninndi 8 wesidudlanimiin (Desert King -

International, no date)

4 a { Q’: 2
M9 s Tunlslumsanyins el
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A1314 2 09AY3ZABUM AT VDY DK sarsaponin 30°

pefsznou nosigud
Moisture 60.00
Crude Protein 2.43
Crude Fat 0.81
Crude Fiber 24.71
Ash 494
‘ Carbohydrates 61.11
\' .
111 : Bonaventure chemicals (2002) FINANUANSNTTUNMIITIUHINIA
DA UANIWII]
| 54 =0 § B ?‘3 b
o " .  Qlep 18 WS & | Nl el | C0 e Reevithonegys KS ‘0 5 """ ‘
2.3 dnyaza livesyana Yucea datd | 2 19135
LRV UNTINITD e rereerereseseereeresssssens

WHANA (genus) Yucca Fuitainyldi T i oy ads Tagie

v
AA @

luanatiinmualszanm 50 yiauaznunefiaaz ueendosldves)sumaaniyomsnm

€

3 "o < 1 < 9 A < a a @
AAULATINNY T (Texas) "lﬂ%ummu‘lmmmammmﬂn (Rocky) A09AIUNAALIUANUDY

umaynsulsila (Pacific)  lsudsnmutioveslszmeuauiaazaouldvesdszime
d a = a I~ dy P ' =1 @ '3
g In ldvudanddewsmnans iuisludsudsnswdsinuisasenalay Linnaeus 18
- gﬂ - A Y 1 2w A aw ol e ~
wunsanatiuasausndioll a.a.1757 uaz lanandsdnvazvosiisanaiiniiduswiaeny
T o a =3 a &£ o I =1 @ I'd
IVQUILHIUMIAYNIUBALAUAR (Atlantic) ¥INIUBLITAUNTID FIA191 Yucca 5 10ANY
o 1 2 a =3 [ @ o Y] @ ) I'4 (=
11910A171 Yucea Fuilumuidwdonain sudrends Tasilagtiuinngnueneaas wiane
aNA Yucca ponilu 4 nuaINAveIdIduaz s nvena Tasaeenguusnisiduvuig
1 ° I
‘111iyemuinuau1Js:u1mmmuwmwmqaumwuﬂ mﬁaaanamﬂquuamuwmmﬂmm

(Irish and Irish, 1949)

'

2.4 anuazn2 11UV Yucca schidigera

. 9 o 1] a d a [ a
Yucca schidigera wu'lana 1 lungiansiwvessgundvesifivvestlsemaansyonsm

< a aA 4 o [} A o
wazilszmending In J¥0i30ndUDN 19U Yucca californica Wag Yucca mohavensis 1auiiyoi3on

o 1 [ o ¥ y a A [ [ A a =1 '
‘V]'Jul‘l_l'ﬂ Mohave yucca ﬂﬂBm%ﬁ’WIukﬂu{ﬂu!ﬂﬂ')'ﬁ58“9’”’”’!“6@“’1”99\1‘! Nﬂ'J'UJl:‘NﬁZ‘H'J'N



14

. v ' ] ad

NI eaNt 1Y TANEITEHANN 0.3-3.0 1WA ualnANANNE1IUTENIN 0.6 1WA AN
ataveslusaninvenludmdrsdadunarsluiinnuendszanm 1.3-3.8 isuawas Uarely
A v 9 9 [~ 9y A o A v I~ [ ] [
Hanyuzaundionui vouludhwiuwdudvinduiuun aenlidnyuzitluresauiueg
witedduuazegszrnaly aeninuduInglidvuazdasy 019ldunviedueeulu
131119 ABNTANVBIITEHIN 3.2-5.0 IFUAWATUAZTANUNINTZHIE 1.3-2.0 FUAIUAT

) dY < 1< A A 9 &’ a A Aa :/ =} (] :’ o
VENUTAIBLAA Ny NAoINISHaaAAaaNIll ¥oUAUNINTIZU101R 1useuiit

q

"y y v Sy d v ' y A A A v oy o a4
Aoutanuuds deamsihthaandoslugienarsvesggewiolgnluisiuiads Wuiyh
v
NUDIMAY LI 14D -18 sarnwyarea aunwdoslndulenndiduninFonuazfviy wa
< o o o 1 o [ [~
vinanmusaivlsemuaanierldev sinldiay dwmsuduauisadlgaidiuld

Uszausmnunyoug luauieminanualsan 1diilue19 (rish and Irish, 1949)

MN 10 AY Yucca schidigera

111 : Desert King International (2011)
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fon Waana

T

NN 11 5ﬂymzdauﬁinqmm Yucca schidigera

31 : Dittmann (2010)
2.5 mslansanlifivluewmnsdnd
2.5.1 mslyansaldivluernisgns

a 4 a 1 o
Colina et al. (2001) ladnumstasuansanldiiuaslueviisdunoszaunonTuile

] v
uazdlsganinmvesgngnsvnasndiun laoldgngnsnduuieny 13-15 Ju imiinga 3-6

a o Yo Y da a - TR 3 oA oA
alaniu gnans ldsvomsduniilusiu 24 wesidud misgnseomilu 2 ngu Ao aquii 1
a o a 9 VoA a o a 9

sun i I Huasluemsdu o ppm uazngui 2 idsuansan Tduaslueminsdu 125 ppm
WUNBATIMIRT A Tamaene Ju (ADG) ¥egns 2 ngu liuana1anuneaana (P>0.41)

VoA dy 9 o 4 o = VoA a o a
uagwudniiemesld 4 dilat seauuenTuielueimavesgasnquiaSuams luiu 125
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Aunnnhnguiasuansan iy 0 ppm edniisd Ay (P<0.001) (3.6 uaz 2.8 ppm
AWAIAY)
a 4 a (- a a g’ @
Yen and Pond (1993) ladinyimsiasuansy luiudesasinisnsgay lataztimiin
1 ' [3 % 1 1 1 L |
o3vazmoluvesgnsiu Taoldgnansgu $1uau 64 i useenidlu 2 nqu nquag 32 @1 Ae
" oA a Jd a 9 [ "o a '8 Iﬂa (1 9
nqui 1asuesan Tiivasluemisdu o sy uaznqui 2 suansan liiuasluomsdu
. v ' i v - .
125 ppm tiioidea] & 56 Jwhimsagngnsennimingauaziimine Soaznelu wuh
] E4 v v
onsIMInTYAY lamadsasiu (ADG) minann uaziimineviznieluvesgnssaes
' (7= 1 @ aa a Aa 1w " A a d a o
Ny liliAuAnAIUNNaEaa (P>0.05) Ysinaemsinude Tuveanguitiasuansan T
' Y 1 @

muaﬂmmdnﬁ"lﬁaﬁ?um%’mﬂﬂﬁu'e)finflﬂ'aﬁ"wmy (P<0.05) (0.94 waz 1.03 Alansu

ANAIA)
2.5.2 mslgaisanldivluemsln

a 3 a " W a a
Yeo and Kim (1997) ladnyimsiasumsan Tuiiuaedasimsnsayivlaazns

o ¢ o v & v 4 o @ '
mauveueu lmigioalud1dvesgnlniie Tavldgnlaiiosuau 40 & utisesniy 2

' U @ :’ v o { J @ VoA a 4 a
ngu nquag 10 M hmindunaenquaz 40 n5u Tao nquil 1 @sumnsan Tiduasluoms
- o a s a /s & A A @ 4
0 nlosidud daungui 2 wiumse T duasluemis 0.2 wesidud weduall 6 dula
" @ a a = - a {a -2 o d

nuNeasIMsRsyEY amdsdeiu Usinuemsiidude Tu mshauveuen laslyson

1 v
vazdsinauey Tuisinan lud ldvesgn Innasangu lifinwandredumeada (p>0.05)
3 a 1 -
2.5.3 mslyasanldiuluemisnszme

. y= a 4 a 1w a a a P
Hussain et al. (1996) TéfnymsiasuanianTuiudesannsniay@n Ta USmayse
wazuowTuiioludr 1dvosnszaw Tavldnszareiuginguaud 1o nonmuda ey s

[

o J ' 1 1 { [ a ' {
dilat inseenitlu 4 nqu fe nquil 1 185uemsduTysiu 23 wefifud nquii 2 1451
9 = d d d a g ! d a a a o 1 a o " oA
ot lilsin 23 wesiudmiudrvanian iy 250 HadnsudeAlansuens nqudi 3
@ Y 74 & oA o a a
1a5uomsdulystu 19 weosidud uaznguii 4 185uemsdulilsiu 19 wesidudiasy
9y o a a a o 1T a 1Y 1w a a = Y
Awas Tiliiu 250 dadniudeilaniuenis nuhdasmsnsyduTamisde Suvos
nsza1nquil 1 uaz 3 anfesniingui 2 uag 4 et1eiiivddaynaada (P<0.05) (31.2, 32.1,

40.9 wag 35.1 N51 AWAIAY) UszAnFammsulasuomsvesnszawngui 1 uaz 3 fim
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1NNNNGUN 2 uaz 4 081 NTIAAYNIATA (P<0.05) (3.47, 3.48, 2.63 LAY 3.23 MURINL)
a = =1 1 I~{ [ o [ [ (=N 1 @
Ysumnagie uenluile uazmanuilunsamslud Idvesnszaronnngu lilinuanaieiu
aa A a d |1a @ Sld' o Y 1 1 a

N19and (P>0.05) ieuasizndsuiunsaluiuszmeldandrldvosnszaronundsuin
NIADLFANVBINTTAWNQUT 1 UAWINATINGUN 2, 3 uay 4 oo 1elTiod R yN1IaDa (P<0.05)

L4 o @ a a a [ [ 4
(80.17, 64.73, 60.17 uag 61.20 1o 1Fua audiay) Ysununsa lnsiletinvenszarwngui
1 az 2 UAMNINNIINGUN 3 1ag 4 0O 1TTIAAYNIADA(P<0.05) (4.44, 5.22, 3.26 LA 3.42

v

lasiFud amdie) daunsatiansnuaznsa luiuszme ldansmuavensyatenanqulaitia

UANANNNUNITDA (P>.0.05)
% = U 2 X
2.5.4 mslvsy iy s daine oo

a 4 a ' @ a
Benchaar et al. (2008) vlﬁﬁﬂ'ﬂ'lﬂ?'ilﬁiil“ﬁ'ﬁ“lf"ﬂﬂuuﬁ@ﬂﬁﬁi'ﬂ?uﬂ1iﬁﬂﬂ SIESTRL

=1

v
15 Tadgalunszmnzviin uazdSuaniunlulauy Taold lauumifionizassmzviin

v

@ 1

° @ ' ' oA a J a [ o a
119 2 @9 udseemiu 2 nqu Ae nquit 1 aSuansan Tiiiu o nfuse u waznqud 2 wSu
4 a v 1w 1 a @ a 4 ~
39 11 60 nFuAeIu wuIlSinaiaguits (M) Tulsdusau (cp) iwelsfiazarn1dlu
@19 (NDF) o lenazaeldlunse (ADF) vesomislunszimiesnsin sauldemnaudiy
v
n3A-A1 (pH) Usmnmnsaezdan nialnswlotin nsaiafisn nialuduszmeldianua uag
Y
YsinawenTudio-TuTaswuveslansassngu lifiawandadumeada (>0.05)
YR a o a 1 Y
Wu et al. (1994) Tafinmmamistauansan TuiudenszuiumsninvesTauw luns
= v ¢ g A o ) v
naaoai 1 14 Tauniug Teaa larinSiFou 110w 4 61 ¥hinsnaaeau 2 x 2 factorial 111)9
v oA a a J L3 a [ o a
Taeonidlu 4 nqu e nquil 1 SugSe 0 Wesiudiazansan iy o nfu nYuN 2 1SuYSY
/3 o 4 a o oA a a sd o 3 a @
0 nlesiFuduay sy Tty 4 nsu nquii 3 @SugEe 1 WesiFuduazanianTuiu o afu

oA a ~ d g o o a o 1 a o Y Aa
uaznqun 4 wsugise 1 Wesiuduazanianluiu 4 niu nuinlSuadaquisinu oM

a Q" 1

dulszansnisdes1dvesiaguita(dmp) USinuwelofiazarw1dlunsa (ADF) USuna
{ ¥ A o < 1 oy q o

Tsauidn T 1dian (dauiiilu microbial protein t1az 13119 microbial protein) yo3lann

nau lisiAwanaesiumeada (9>0.05) lumsnaaesii 2 19 Tauusnu s @ Mnsmaass

. ' ' = oA a 3 a

WYY 5 x 5 latin square tria Taidlu 5 ngw Ao AquN 1,2, 3,4 uaz 5 suases 1084 0, 2, 4, 6
Y] [ o w Y] Yo 9 = a = d o 4 1 a

uaz 8 niuAr W Adey TaslanndalasuemsduiaSugse 1.2 wesidud wuinlSua

wonTuiie lulasiou manuiunsa-ar eH)  USumnsaezdan nsalnsiletin nsa
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A A C% 1 (=S 1 19
19050 wagnsa lvduszme ldnanualunszmizninueslannngu luiinwanaanunig
a0n (P>0.10)

YR a 4 a 1 a [

Lovett ef al. (2005) ladnuimsiasuaisan Tiduaelsmauazdiulsznovuns
o & o dad dqy v d v
iy lumsnaaeai 1 19 Tauusiug lead ladwSisouilduuasusauaziiszos 1uy

19 o . ” [l o3
LLES{’J 69 U (S.D.+£39) NININANBULUY randomized block design HUIN1SNAADIRDNLY 3
nqu fie nquil 1, 2 uaz 3 wWinansy ldduasluemsdudiaz o, 25 uaz 50 nfudeiu
Mudrdy nuhySinadaquisiay oMD veslanguil 1 Tsunanilanguii 3 og1ed

v o o a

HYTAYNIana (P<0.05) (17.4 taz 16.2 A lansuaoiu mudiny) daudTuna iy Tusau
Tt ua:ﬂ?m't;uﬁymmmTﬂnnﬂa:n"lajﬁﬁnmmhaﬁummﬁﬁ (P>0.05) Tumsnaanafi 2
¥ laumniznszinig 3 @2 HnsnAaeuY latin square 1iamsnaasseeniily 3 nqu fie
ﬂtjuﬁ 1, 2 uag 3 wsusy TUivasluemsdudiag 0, 15 uay 28 ndudeu aud sy
wunmstasuasen T lifinadenisgos ldvesemis ludiudienue ssreanie udwu i
ﬂ?mmﬂsﬂ"leuﬁuﬁszmﬂ"lsa’fﬁmnﬂ‘;luﬂs:mwwﬁnﬂmﬂﬂﬂtjuﬁ 2 uag 3 Fanfesniinguii |

@

b4 ' .
PU1UNITIAYN AT (P<0.05) uonantnuNUsualdsladrezanauiiomunisasy

[

w15 T uedeihisddgmaada (p<0.01) daumnnuilunsa-ae pH) Tunszmnznin

o

.
A 1 o o

wunlanquin 1 mdindinqulan 3 edriidedfgn1eada (P<0.05) (647 wag 6.57
AWAIAY)
a 3 a
Goodall and Matsushima (1978) lasnyimsiaSuasan Tuiuluermsia Tagldla
v Jda A o @ 1 ' ' @ VoA
madaouiugionesa 01y 17 §1uau 40 &2 wiesnidiu 4 ngu nquaz 10 & TasTangudi
o a 3 a o v 1w o_w !
1,2, 3 uag 4 iamsasuanio 1Uiudaz 0, 50, 100 1ag 200 NTuADTU ATUAIFY 29 1-11
o ¢ o a4 o /g S o <
dlamiusn Inldsuomsdu 30 wlesisuduazdi Iwaniin 70 Wosidud simindlania 12
Qy Yo vy s o d 9 o d 3 o 1
waugaminaaos 1aldsvemisdu 20 wesiduduazdninansin so wesidud wun
o a a 4 - U { a 4 a o = DL
oA3INs s YAY lamdedo iy (ADG) veslanquinaiumsaluiy 100 nfudeIudia
J 1 { a o a o - ] A v o W aa
wnnNIanquitiasuansan Tutiu o, 50 uaz 200 niuAsTusduiitisddaynaada (P<0.05)
% Y 4" " t A a J a :Jl 1o
Azt lviiuumsnlundinilo (marbling score) vosnguiiasy ansan Tuiuisaunguiia
' voaA T oa J a ' ' A v o w aa 1 I g
wnnanaguit irasumsan T duedadifoddymeada 0<0.05) daulosFudannuas
anunuves luiudundawemnngu hifisunndafumeada (p>0.0s)
. YR a o a . ' a =
Wilson ef al. (1998) ladnumsiaiuansa uiuua soluble protein Ao3unaiise-
(] :/ a a a 9 1 @ o
TuTastulunaraiwaziiug uazdszaninwnisniaves Tauy Tagldus Tawug

¢ A { @ o o
Tead lminSiwouiineldgnuiudimaiud (mutiparous) $119u 12 §2 NuwuMINARBLL
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latin square (11i3MINARBIDBMTIY 4 Nqw Ao nauii 1 Tal&3Ue1MI5AT soluble protein A1
nqudt 2 Ta1&5101113715 soluble protein a3 ud 2t o Tuliudaaz 9 nfudesu nqui 3 In
151011571 soluble protein g uaznquit 4 Tn145U0 M3 soluble protein guasudIY
s Tiudang o nfudedu wuhuSuaSaquisiinu Usinanin alefigudlusiuly
ﬁymwamnﬂfcju”hiﬁfhumminﬁumaﬁﬁﬁ ($>0.05) uBnNTNU I Tl Lifinado
USinamazesdilsznouluring YsnauenTudie-Tulasmy wazmanuiunsa-araly
ATTINIZHIN ianﬁm?mmgﬁu-"luimmu'lmfmmm:wmﬁm HANU MU IT
ToiuluTafilduw 30-35 Alansude Suainsariy ruminally undegradable protein HIE14150
i Talsd Tnar y‘iﬂﬁiﬂsﬁugﬂdaﬂamaﬁﬁw"lﬁ';ﬁmmm"]uﬂszTwﬁﬁ’uﬁﬂﬂmnﬁu

Goodall and Matsushima (no date) lAAn¥IMSIATUa T T Hunag g UGy
(rumensin) Apdszaniammananluln Taoldlamadaouoigiszana 1 Y8 wau 180 69
minmds 324 Alanu mismsnaaosoeniihi 4 AN AANAZ 45 62 fie nquit 1 13y
351 T Tuuazgmudu 0 3y nquit 2 wiuwsan 11y 40 ppm Ut 3 S uguudu 30
nSuRBO IS 1 A AUl 4 Suansan i 440 ppm TIWAUFUUTY 30 NTUADDING
1 fu Ao 105 Suudahmsaiuiionqanimann wunsanmsnsyRu Tamdode
$u ﬁymﬁﬂéhqﬂﬁ’w iminann azmnlwiumsalundunie (marbling score) AUNUN
Jusiudunds Lmz‘ﬁuﬁﬁﬁ'wﬁmi{aﬁmmnﬂﬂdu"bjﬁfhsmmsiwﬁ'ummﬁﬁ (P>0.05)

Busquet ef al. (2006) laAnynsiasumsa lliuaenszuiunswinvesuuaiise
Tunaeanaaes Taoutansnaaeseemiiu s ngu fio nqudi 1 emsnomaze st
ludadau s0:50 1daslunaeananewd Lifimsidumsasuomslaqas’ll (nduaiunu)
uaznguii 2,3, 4 uay s wiumnsanTifiuiiada 18nndduvesitrana Yucea aslilunaon
0, 30 300 (e 3,000 aansuADANS Taovia 5 nfjuﬁmsLﬁm‘iywmﬂﬁzmwﬂﬁmmﬂﬂ Mty
ﬁmaaﬂ‘nﬂam"lﬂwsh'lué*miyﬁ’auﬁqmﬁqﬁ 39 DIrIBATYE 11 24 52 Tue wuhAA
ilunsa-ae veanguii 1 fegendngui 2, 3, 4 uay s pdaiitisd Ay N1eada (P<0.05) (5.9,
5.8, 5.8, 5.8, 5.8 1AL 5.8 MURIAY) dayﬂ?mmmﬂaﬁfﬁn nsa Insn 1aln nsatINsn taz
f"fwuanimﬁuﬁaﬁﬂﬁunnntju"liiﬁfhuﬂﬂﬁhqﬁ'umaaﬁﬁ(P>o.05)

Cardozo et al. (2005) ldfAn¥IMsIaSuansan TlTudenszurunmsnsinvesuuaiise
lunasananes Tasiinismanesuu 1 x 5 x 2 factorial TasiaSuansaTiliiu o0, 0.3, 3, 30
uaz 300 Haaniudedns uaziinnnuiunsa-a1e 2 52 fie 7.0 uaz 5.5 Taonasanansa

v
uaazvasa@uinINAsEINIzNIin 50 TaddasswAusiwimes (polypropylene) Tusasiau
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v
1:1 815 lunasanaaeslsLnauals oI MIIYL Tudasiaiu 10:90 91w
v . 3 U d‘ 1
vasanaaed llivdlusrvidoungungil 39 esrnaidos w24 3103 wuhfisnny
v
1 a @ @ =1 £y a
Wunsa-a1e (pH) 7.0 uaz 5.5 Ysinwnsa luduszmeldiamuaiiuua TiuanasmanlSuna
H 2 ¥ a =) == dl 1
msasuan s TdTunmunty YSuunsaesdan nsalnsiilotinuaznsaiansnian
anuiunsa-a1e (pH) 7.0 vemangu hilidumndeiumeada (p>0.05) uanuiianii
U a aa ' 4 a L4 a a a o " a =S [
N3AAN (pH) 5.5 Ysnnsaezdanvesnquinaiuasan Tiiu o Gadnsudeaasiinnnnii
nauiaFuasen Tuiiu 0.3, 3 uaz 30 Haansudeansesaiivddanieada (P<0.05) Tuna
o g VoA o ' a a a VoA a o
ATINUNUNUNNANUTU-NIAAI (pH) 5.5 YTmnsaTnswletinyeanquitaSuansa Ty-
= a a o 1 a = L L d‘ _ d’ =) =) E=Y -7 1 =Y 1
11 0 dadaniudeans dafesninguitasuansan1uiiv 0.3, 3 uaz 30 iaaniudeansod1ail
@ o @ Aa d’, U d' 1 I~ ' a a a
UIMAYNNADA (P<0.05) uanNAlnuNNMaNuunITa-a18 (pH) 5.5 USunsaiifsn
P A a a a a o T a = ' ' d' a J a a a o
yosnquiasuansy 1a/iiy o uaanfudeaasiAesnNnquias T 15T 30 Tadnsw
AvanseENlydIAYMIada (P<0.05)
. YR a 4 a [ o a =4 :’
Lila et al. (2003) "lﬂﬁmgmnmmfmscmTﬂuumaﬂszmumsﬂuﬂmmgaumﬂmﬂm
o [ 1 a 4 a
Tunszimzniinveslalunasanaass Tasudaznguiasurisen Tiuasluvasanaaes o,
1.2, 1.8, 2.4 uaz 3.2 niuAans 8113114l 3 aiia Av soluble potato starch, com starch
” Yy oy v v o7 T & i
vienanus lagldensnoiuomnsdu ludadau 1.5:1 @nihninnssmznsnas 1y 1y

a

v E4 '
azvaea Nntwimasanaaos I luernidounigamaii 38 essuwadod w6 uaz

Vu

o U 4 [~ 1 ~
24 #3103 WuIuiio1d soluble potato starch,com starch azngEIULNAIVBBMISHINUT

' . E4
#luaf 6 uaz 24 USumnsaezdan nsalnsilein uaznsaluiussme ldwanuaie
Aa dg’ a a o Aa a4 a 4? ' A v o w aa 1 a
A mTIamsaTum i IWduimuiueduiisddayneada p<0.05) daudsuna
NIADLTAN wowlwidio lulasnunasMadmuiisaansedeiisddaynisada p<0.05)
dy o 3 1 AW ~ 1o 1 1
uenMAUNLNMMANUITUNTA-A (pH) voananauie Tued 6 uaz 24 lifiauand ety
NM3add (P>0.05)
YR a 4 a [ a
Kaya et al. (2006) "lﬂﬂﬂmmsminmscxsﬂﬂuumaausmusmswammgmmz Tay
Y 4 . o @ ' ' oA a
lagaunziug Awassi e $1121 16 &2 ulseoniiiy 3 nqu Ao Nqui 1,2 uag 3 @Sy
o a o o w 1 Yo oot = [
139 1iudIaz 0, 75 unz 150 ppm awdIdY gaunznngu1dsuems i sy 134 nu
v 4 I v [
@oaianua 63 Ju nuinlSinuernsituioue Ussansamma doueims (FCR) g
v v [ '
hmindgaievoanngu lufiduandedumaedda (0>0.05) udiminiiiude e
oA a o a = Y 1 v oA a o a
Ui ue w1 11U 150 ppm Tund IuganinguitauandanTaiiy o ppm (220.57 uag

277.38 ATU MUA1A1)
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Lie ef al. (2007) ladnsmsiasuassan 1iuaonszuaunsniinlunszmizniinve g
uwe TaoldunzyimsdidaldveuSnanszmzninguiu 16 @ uisesnilu 4 ngu fie
ﬂfju'ﬁ 1, 2,3 uag 4 @suansan T iuasluemsdu 0, 100, 200 uag 300 dasniudenlansy
813 ungnangu 1dsuemsdu:emisuey ludadau 50:50 ifudaedeermislunszime
wiinndmniuems1iuda o, 2, 4, 6 uaz 8 ¥ 1w wundalued 4 waz 6 USimnsa

o QI a

v ' . Yy
a a A ISl ' oA ' a o a a <K
Twswiauﬂmmﬂquﬂ 4 UANNNNQUN 1 BYNVUITIAYNINADNA (P<0.05) (INUYU 29.4

o _ @ a

J a J o w 1A aa A [} A o a
uaz 29.8 nlesidud awddy) udlSumnsaeFaniinanasesdifedidynieada
73 o o w a a A = oA
(P<0.05) (a3 15.1 uaz 19.8 nlosidud amddy) Usinawen Tudefidr Tusi 2 veanguii 1
uaz 2 HAwINAINGUN 3 uay 4 sdraiivdRYNeasA (P<0.05) (32.97, 27.31, 23.13 LA
‘ N
22.03 iladniuAe 100 adans) S lils Tadalunszmnznsinveaunsndudi 4 fidnfeuni

A g

AQuA 1 pdeiisd 1Ay Neana (P<0.05)
' (%3 ddw 5
2.6 M3LBERIMISIUTA IAL DDA

' A o = < =
N138980IM15 (digestion) MuwdavuIUAIsIM 1o msTvuiadnassunean

] o o ]
I19MoEa NI ngadu 18 (absorb) taziin T 195 Tom 1R (utilize) M3dosomslylnlay

b4 [
dauIngiavulumeduens Tasiiomsudazailainisdes ldlumaduensudazd

4 b4 ]

Ly yuegiudsz@nFammisdosldveamaduemislundagdauiy w o1mmsiis
' 4 ' ' { ° 3 '
aulsznevveute luge limunsagnoes ldiinszmizud abomasum) nazdl&isn TEREL
1 @ ya’ ° 9 (] [ d
gout a1 TuATHINZNITN (rumen) 1d@4 (caccum) tazd1d1me] (colon) Taverduron Txiian

o

aUNsY
o J v v
2.6.1 msgeanslulamsaludndfe e

2.6.1.1 msdeamislulamsalunszmznsin

ms Tulamsautiseaniiiu 2 wila Ao asTulamsafiiiu Tnssafrevosi (structural
carbohydrates) "lé’])uﬂ' wagiaﬁ (cellulose) Lﬁﬁﬂfagiﬁﬁ (hemicellulose) 1AL INAAU (pectin)
wazas T laasai 1419 1nssa 1990979 (non-structural carbohydrates) ‘lgus ulawazihata
Tﬂﬂﬂfumauusﬂmﬁu"lmmmimaqaimj (polysaccharides) vzgnioulasiidrndessovde

[ b4 ]
13OU3TM TN (glycosidic bonds) Yo 1A TaanARY (monosaccharides) THnqeuen
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20NINAY c?adau“lmjﬂz"lﬁ’l%maimaqa@: (disaccharides) ﬂ'auﬁi)z"l@’f‘ljlmmimaqmﬁ'miu
ApUATY %1mfuﬁy1maimaqmﬁmﬁ"lé’%zgmﬂ?%ﬂmﬂu pyruvate 8819331347 pyruvate
fildvzganldouiunsaluiuiiszne1d (volatile fatty acid) AUA NIADZTAN (acetic acid)
n3A 151N (propionic acid) azn3ATINTN (butyric acid) TasnunsaeyFanitiuiagau
g lumsdunsizd lusiu Tasvuiuns lipogenesis taznsavsdanuasnsaiiansnidiy
undendsaudidie lums I dndsarmuvniums oxidation Tuvaizfinga InsiiTotinily
xmdﬁmqﬁuﬁ'ﬁﬁqiumsﬁ’qmswﬁﬂqiﬂa TABN3212UMS gluconeogenesis HOATINTNYII

°

0 d‘ Q/ a \ &
myadunsaluiuinszme 188918 msveulasenlad (co,) iWuwandnsu Fevzgmitlalle

U

1umsﬁamswﬁﬁmu (cH,) Ao 1) (itnoaty, 2548)

\

[ = v b %
2.6.1.2 MaAmuUsunzlaniou
Y 3 A a A %
aazlanfou (global warming) n3en1Izniiemelasuuilas (climate change) (i
1 @ d' a .3 A' a (4 A
Jayminguealanluilegiiu oI INgUrgiiveslangevuises aunqiianInmes ou
d' 1 Y a o Yo A 9 d' ] a o [l
N329N (greenhouse gases) N¥ioRu lanuanu 1y mlvsadanuieunudainaseriading
v g [ 9 KX o Y a a d%l a
Tangninnuunnaziousen wihlvigamgimasveslangeiunazinamsuyslsiuves
a @ 4
ITVUYUDINIA (climate system) (ANIUNT, 2551)
a b4 2 s a (24 A A a 43’
A veInsinan1Iz landou wWissnniilsSuavesmasounssanmuySuady
:/l 1 d a o A a @ A (Y
luguussornmaveslansg19saasa YsnamxSounszanilluilyvindn fe fw
o o S d & o A A Y sd o
miveulasenled (Co) 60 wosidud drumaduq o Maiimy (CH,) 15 woidua
a L~ o d d J @
TannelslavgeeTsiimu (cclF,) 12 nlosidud ToTau (0,) 8 wofidud uazluniaoenlud
Jd 3 4 a o
(N,0) 5 ulosisua (21393, 2550)
Tudwnsinsaswuidinsddesfatimusongussemealaniszanailay 205-245
9 @ Y] 1 dy o o Yy a o =1 3 9 @
Ay awaasluaisne 3 Tagwunms@esdadildinamaimusianua 105 duay
wiadumatimunidannmsminlunszmizntin 80 SudunasaimuiiEannveuss
o Jda 9 o A o =1 1 q’/’ YR
YDIAAIDN 25 AMUAY (Watson et al., 1992) Famaiimuaunsonseg lusunssomeldae 10

=1 I @ ,v @
U wagamnsaivinanudould 23-25 mhvesfamisuoulasenlaa @aeduny, 2551)
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M99 3 USIaMasimuNna NS R INEATAT T

U c; a a (24 =1 d' v
UHaINnNg Usamasiimunilassesnin
@vduauasil)
MsninluATLNIZINS 80
mMsignda 60-100
9 =
M Tnivesdiuaa 40
YoudennaINTAd 25
v
FAIWNINVA 205-245

31 : Watson et al. (1992)

A A [ = a a dy v d 1 dy o Yy a o =)
gazilaNMINMEIMUNAAINNIALIdAT wuNmsnes Tauuih Idinameiimu
~ : Y a @ a o =t YR o a [ 1
mniga Taglauuimin 650.0 Alaniu ansonaamaiimuldtediag 100 Alansuaell

v
5990911 v Tauite 50 A lansuael) daugnsjuwau winldtlaz 0.3 AlanTuaedl

t4
a 1 a 1 v Jda a [ =
A1 4 msmmta:ﬂaaﬂﬁwwuﬂmmmﬂﬁmmfm (ﬂiaﬂﬁll/ﬂ'l/‘l])

yiiadad 1wl (nn) CH, NH,
Tauw 650.0 100 8.8
2
Tatlo 450.0 50 5.7
qnsumRug 200.0 0 5.0
ANIIU/AY 7.5 0.3 3.0
1nl 5.0 0 0.2
v X
rile 0.5 0 1.0

i Tamminga (1992)
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nni Idnanudaihmadimulunszmznin ldnnmsadansaluiu duiu
amnsaaqlliisnmsadunsaluiulunssmneniinld §efi

1. MINAANTABTTAN (C,)

CH,COCOOH+H,0 —  * CH,COOH + CO, + H,
2. Mawaansalwswlaiin (C,)

CH,COCOOH+H, — CH,CH,COOH + H,0
3. MInannsalangn (C,)

2CH,COOH + H, —_ CH,CH,CH,COOH +2 H,0

4. Msuaamaimu (CH,)

9

b ST IS e CH, + 2H,0

v v Y @ o Y1 a

nnaumsasUnisainsaludunszmeldlunszmizndn szsin 1831015 waa

aa J Ya o o o [ 1 a a a
ninezaanszne liinamansuoulaeen ladiasMa'la Tasou daunswaansa Insiilaiin

' o Y a (2 q’al @ ¢!' = 1l ] (24
i IdiRaf1oiae msizazdundsuiigaidoldursdivszegluglvosing
4 =1 ] d' a s
asuoulaeonlyd MaTiny uag heat of fermentation Tugeiinanisniinueseivis lu
Y] Y A a (2 v o Y a a o =1 9
nszznan alTinamalalasnudfeszildifaTomalumsuaafaiimuantiosaq
Y a aa < o Y a o =1 FY ' a
DUMIHAANIARZFANNAILI A Tomamsuaamatimuuinain 1Ugqe daumsuaansea
a Aa v o - a a 2K g (] o w
InInezeduma lalasinuie 1 reduce o2dlnozFian (acetoacetate) 3UTUNITFIT 1A
a o = a a a 3 o 1:5’ 9 Yy (] @ 1 <3 '
Mswaamsuny Mskaansa nsilodniusuiludealdmaleTasmuuiy udozfiuiily
a (] Yy a o
vuumswan binelinamalagae
v
=1 ] o 4 [ @ ]

UINNINNUUNUNANDIVDI Moss e al. (2000) IdMIANuduRUT e IdadIurog

nsAvzFAnI WA UNIAlIAsAdensa Tnsi Toiin Ao (C,+C):C, WuInledadIuvesn

o ' P 4 a o A A a da y A 2 v 2
ﬂdﬂa1’JL‘WJJn1ﬂ"llu1Ji1J1iuﬂ]“]filmu‘V]Naﬂﬂmlu’JTumwuilumlJll‘lJﬂ’JU (I‘ = 0778)
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330 -

310 - Y=45.969X + 85.428 -
r2 = 0.778

290
270 +
250
230
210 4
190 +
170 +
150

Methane (umol)

1.5 « 2 2.5 % 3.5 4 4.5
(C,+C,):C3
M 12 anuduius sz hadSnamatimulunszmemindudadiuues (C,+C):C,

a
N : Moss et al. (2000)

2.6.1.3 msdesmslulamsaludldidn
o a Y ° Y g A o ~ Y ' a ad
a3 I laasandnlud 1dian e a5 lulamsanseaiuainmsdesuosgaunid
% J [ $ 4 @ o a ad
Tunszimizniln saudems I lawmsadaunien ldennmsdunsizrivesgaunid lay

A dA A

as lulamsaidiunanitely enagadeslaugaunidniiogineludiutlasvesdr 1dian Tao

o w v o

i o [ 1 ] d‘ o Yy o (=1 1 o [ [ 1
Wufieeusuiuii msdeutelonelud1didn lufinnudidydedidaiudediala dau
4 1 4 v o I 1 4
a3 Lo lamsananuileszgndessineu laivesdadadies 18un tou'lyl amylase, maltase
° < @ 1 ¢ A a @
1ag oligo-1, 6-glucosidase nad ldanuazdvsou uaziou L] glucoamylase NWARNIINNUY

alddnlvidlunglna (neady, 2548)

2.6.1.4 msdesaslulamsalud & lng)

mi Ty laasafidh 10 lud 1§ ng dauIngazfumag Taauaziefiag Taafinde
ninmsdesmolunszimizniin uazensiiudlsiiseatuainmssesnslud1didnswegiha
Taomstosms T lamsananieluazadindetulunsameniin de 18nsaluiufisaine 18
18un nsaezdan nsalnsiiloiin uaznsadafisn Tavnsaluiuiiseme 1 vadauezgn
qﬁuﬂ?t‘fﬁmﬁuagiuu?nmﬁﬁﬂﬂi%’ﬂszTﬂ‘xﬁf fimdounadauszgngadunduidlylu

] ‘& o 1 =} v Y nd' % 1
519010 Fan151i 11 sz Temi 1 dswRerdunsa luunszme ldannszmznin  dau
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a { [ o qs: 1 v
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