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Abstract

This experiment was aimed to study effect of increasing concentrations of crude glycerin
from waste vegetable oil (CGWVO) in total mixed ration (TMR) on feed intake, nutrient
digestibility, Tumen fermentation, blood metabolites, and nitrogen balance of goats. Four goats
with an average initial weight of 31.5+1.9 kg were randomly assigned according to a 4x4 Latin
square design to receive four TMR (0, 2, 4, and 6% of CGWVO, respectively). TMR was offered
on ad libitum basis. Based on this experiment, there were no significant differences (P>0.05)
among treatments regarding DM intake and digestion coefficients of nutrients (DM, OM, CP, NDF,
and ADF), except for 6% of CGWVO, DM intake and digestion coefficients were lower (P<0.05)
than other treatments. Likewise, ruminal pH and NH5~N concentration were unchanged by dietary
treatments, except for 6% of CGWVO, NHz-N was lower (P<0.05) than for the diets 0% of
CGWVO. Likewise, mean serum glucose, BHBA, and PCV concentrations were not affected
(P>0.05) by dietary treatments, whereas serum insulin concentration linearly increased (L, P =
0.05) with increasing the amount of CGWVO supplementation. Rumen microorganism populations
and N balance were similar among treatments, except for 6% of CGWVO, total N intake and
absorbed N were lower (P<0.05) than other treatments. Based on this study, Based on this

study, CGWVO levels up to 4% in total mixed ration could be efficiently utilized for goats.

Keywords: Crude glycerin from waste vegetable oil, digestibility, nitrogen balance, goat ration
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Effects of Crude Glycerin from Waste Vegetable Oil in Goat Ration on Nutrient

Utilization, Rumen Fermentation and Nitrogeh Balance
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Table 2.1 Distribution of beef, dairy cattle, buffalo, goat, and sheep numbers in Thailand (million heads) 2007-
2011

Years Beef cattle Dairy cattle Buffaloes Goat Sheep
2007 6.48 4.95 1.60 0.44 0.050
2008 6.70 494 1.74 0.37 0.043
2009 6.65 4.95 1.69 0.38 0.040
2010 6.50 5.25 1.67 0.38 0.043
201 5.89 5.56 1.62 0.42 0.051

fisin: A uAsEgiIn1sinens (2556)
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wififudaution Fsnmsidsssdiuantnens wiaadwiadumind i Reatliqutiau Dueadutio
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NqVﬁUﬂPﬁLﬂﬁNLLWgTuL%\?ﬂqﬁﬂ’] Vlmfr]\‘iﬂﬂ‘iTMLLW:NW‘M%ﬂLﬂNWﬁQﬂLiQ

A § a ¥ oo i8s, v ' 2 v
e desTuanyso! G0 waesanfiseduivemintieitiuicugmsamnsuneaents s Ton{Fasslnme
nazuaunamn uasaugalulngian” @.n. 2558
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2.2 uwmwmmfgauwwwamsﬂ'aﬂamﬂmms?uﬂmmmvam
2.2.1 wunuad@nuaslusiulunssinizgiam
Tusinlusmnsinusesnaudog 2 dou Aa 1) TUSFWWT (true protein) 8% insulin, globulin,
. . @& v = 1w . . AT A a
albumin uae keratins g uaz 2) Tulnsiausanlussiuliud (non protein nitrogen, NPN) fiviafiviin
q1aBurAd 1w naawedluiasy nsaflandan @l (amide) oflu (amine) uazy By usniinansafiu-
viad v wenlifloneae sd uazuanTudlondamn (Judin (yoyfewn, 2527, wsn, 2533) deildnsn
A9t aEAANYLANATITN WUIIENS non—protein nitrogen (NPN) Simsinnsaat3afign
$ t a L4 ; J . 9
Fansteuuaznnsemenluagueesanssrneuilngeusesdndifuadas (Figure 2.1) T
peptide  nsauadlu uazuonlufly daanuusrinisaanesansauefiludaunilslngnszuounis
dearnination Tagiandeiulmdanngdunddiiuuenlnie uaz O-keto add (ysydes, 2527; wan,
2533) ulinqanvad wdesndndinseniutuslemidonmnsiiduq@uddiladin wen (2533) ndn
4n 80% washilnsianunsgiuradgnainsiinenstiuenlaifly dondn 20% Wnsauafilulnenss
dam Ol—keto acid mnagnaansdiasie UstTunisadeanslssnaudng visiduumadmdn uu

acetic, propionic, butyric, iso-butyric Ua% iso-valeric g

.ul-u-l-lu. u;ﬁl-.gu‘«giau{........." NHa
s Carbohydrate CHg + H20
Large Peplides Qligosaccharides
: Disaccharidas H co
: ) Monogaccheriges 2 +VY2
- Smal Paplides
i Amiho Aclus
T e e IE ] o
Dol A e g T3 7y GeliMempeane’ - K C

Bt 1 3 Maonpsacchatides NAD  NaDH,

‘ ADP NAB
ATP )
: s { ATE ADHg
NHg Microbial ADP Volatile

Proteln Fatty Aciag
Figure 2.1 Utilization of protein and carbohydrates by rumen bacteria

V;m: Nocek and Russell (1988)

2.2.2 IHUNUDRTH2DY ﬂﬁﬁﬂ?ﬂtﬂiﬂ?ﬂﬂiz PNTTFLHR

as |4 A’ ¥ 1 ) $ ) = ] =3
TudndiAeades aslulamsndamingdiaduguresndugnmilsd azgndanlnaqAunadn

9
v

atftunsamnzguniliiiuimaluanaifien wu nglas viawulng TnardnAfidaag sniunglas
wiowilnaazgnminTunszmnzgnetsands wasgndaassiluidunantngia (pyruvic acid) wia
Twguan (pyruvate) dafusananiidrdunisdanssinanlotufisame ¥ Uszinn 60 wWodidud
smaanslulgimsaidasliiovmnesgnimudiuiunsalomiszmeg s (volatile fatty acids, VFAS) afin
HANRAFAYINY (end-products) Adndy Thud nanezdfin (acetic acid, C,) nsndafi3a (butyric acid, Cy)

nsmiwsReafia (propionic acid, Cs) tiwman (Figure 2.2) waznIMINa13A (valeric acid, Cs) Talznanin

C LA « 4 a ¥ oo H b A ] v v
seUnTAdERTIANYs0l (Be9 “navpendediuaninauleitiudaTugranmsunsenis islen{Heelame
AszuaMnaMn uaraNs R MInsaw” 9.0, 2558
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(isovaleric acid) uazlalndafian (isobutyric acid) aranwuiinudtuiuimriey Fedndavgadasiinun
4 oy . ¥ o .
navmzgietiustTensaly avnmsfineanudt sanaergnilfsuuasetineamniia To4an

A v o/ 1 : kA
Aautls uazwanfiiiulaseadvaasnfamadils 1w waglas uavienluoaglaa avgniAsuuasin

b

qn
q

STARCH CELLULOSE P EC;!!NS HEMICELLULOSE

]
Maltose ¥ ! ;y!ose {& other pentases)
C

Galact m)rﬁ: -
d L acid Ayluvlose P
Glucose /4:05& / \
) Xylutose PYRibose P

Glucose -1-F 4
2%
Glucose-6+P Fructose P Erythrose P

Frustase-6-P
Fructose P riose P

Fructose=1-6-P ) /
Di hydrﬁxyacetone; Glyceraldehyda-3-P

(214}
' 4.3. di-P-glycerste

PYRUVATE {2H)

Oxalo-
scetate

COz+Hy {aH)
- Propionyl Coa. Succinate

PROPIONATE
Acetyl CoA \Succhyl CoA

Mialony! CoA CoA R ‘W Methyl-maiony!
CoA
Acetyl CoA>\‘ @
Aceto-
CoA acetyl CoA

Lagtate
ACé'yl L (2H) Acelyl CoA
B-hydroxy-tulyry) . Acetate
ACETATE CoA Laclyl CoA
H20 H20
Formate Crotonyt CoA Acrylyl CoA
/ \ Yotant) k( 2H)
H -
N Butyryl CoA Propyenyl CoA
CHa Acetate . Acetate
Acetyl CoA | cetyl CoA
BUTYRATE PROPIONATE

Figure 2.2 Outline of the pathways of carbohydrate in the rumen

ﬁm: Preston and Leng (1987)

Lo v
wananiseiiufraifusulnaanisd (CO,) ulnamisu (CHY) wazmniaufivszann 20%
(ME) SannAssuiingnlitugy ATP sannszuaumamintunsanizguugnifinedngusssdingn 2

UY5¥n19

a

1) Wilwunsandsemlunsainsgadadunid

]
o o

2) MHuunaInasINABn19A199ZN Nocek and Russell (1988) nan941 fiafis1fiang

a

FaunmeilafurnsgAuvddfiddyds wdaem dol emnslanndsfiesdlnmuewdesmunqAundd

4

athafieane uasludndaufimnaniidezininsduasisiilsiudussnnwgegn

av o 4 oo ¥ oo {93 o ' Y v
e meIdTeaumysel Boe “wavasnfisedAusnindided udatugasemnsunsasms s Temiluoslamue

nszuaman uasaaaulnsian” a.n. 2558
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2.2.3 ﬁtqﬂ"’mm?uﬂszmﬁzfgmu

HniRund s i ATamnnsuas R nsfidasanzda Tnedauaansatunnstiuseloml
anomnaidaly (dietary fiber) FedndialuTnammedndhiRuadadllannsatiuslenii Tnvenie
naiesInieasqAuyEiienduaglun sz gem FelHunuunfide (oacterio) slmd (protozoa)
waide9 (fung) TnealUudanszuannisawnsresdadiAee Basesfinsandetiadufiddymnany
adw TnaisnazedneBaniavineueasqdnuvidatunssmnzgumndianadArysantandnonlos] WY
mstlsaasatTaniTUssnynasu veriduaslulainsaiifiulageadng (structurtal carbohydrate,
SO waranflulgnsedbiifinTaseadne (non-structurdl carbohydrate, NSC) (w57, 2533) (e TH
N@wﬁmqmﬁﬂﬂﬁﬁﬂﬁfytmzﬁﬂiﬂmﬁﬁi’aﬁqﬁm Aansnluiuszmelidng (volatile fattyacid, VFA) Bansn
Tﬂﬁmxmaﬁﬁmmdfuﬁ%Lﬂmmmwﬁwmﬁﬁqﬁtyziqwi"uﬁwﬁﬁ*mLﬁmﬁ%ﬁﬂﬂ?ﬂumﬁﬁm%m WAL
nslinananils uasunsiall (aans, 2541)

wanannil qawddlunsunzgumdiannsa st lenianunasiusiiusine Tasewizag
Sagungn T lulngiend M lusfuud (non-protein nitrogen, NPN) Tneiq@unadazvinem{fiftinann
metunszmnzgemiaansdunsa-das (rumen pH) Avunzan fa oglugas 6.5-7.0 uariigomgiing

eing 39-40 seAnraded vinliouneiide TusTadauasdas sunanndmanlfatnesenida

WATWNIEANFDANITEREAINNG (1481, 2533; Czerkawski, 1986)

FINNTTINEINNYEN Satter and Slyter (1974) WUII H'ﬂﬂ”‘?"lﬂﬂqq}lLﬂuﬂiﬂ—ﬁ”l\ﬂ?uﬂ‘iquzgmu

]
=t

Fmnzanuda svduuenluis-LlpsmulinsamnrgeuifiaudAgsenisifinduaneeqfunad
fint Bagzuflmanyaneglugas 4-5 mg% a9u Boniface et al. (1986); Song and Kennelly (1990);
Wanapat and Pimpa (1999) wudnsauuanfle-TulnsmiimmnzaunnsagTngeg 15-20 mg% fiez
' "Ev = ' o ¢ o 4(‘[ a A 1% g
AeliiAnnsTumNstoaaas wasnsuknIRaAssiq R lUsRnuTimaNrandioy uazuenenil

o ] LY

SerelifnmuangasendtondssuiuTlsfinndian awAdAnulunszmizgemiinnanenais

'a e O o/ 2y

o o 3 d: v =3 ) L v a
win uwisAnvddmdnilfgumnifddy AedeitineganmiEsandimuuariinnssinonanda

q

1 )
<3

gAving (end products) sialasfanidenuTunasinnzgusayiny wazdosdusunadlisiand 1 &m
\ad/n¥HEes rumen contents gauyAgiinulunszmazgunudaiin 3 ngu Tud wwafidy Tuslada
wazigas TnsuuafiBefisnassanaassinn 10°-10" wwadrnfiadans Talndafidmnulssaans
Uszaaos 10°-10° wadsiafiaddng wanfasfidmnussnnsszinm 10°-10° iwaddiafaRans
(Hungate, 1966) Qﬁuﬂ%ﬁmmi‘fﬁuwmwﬁﬁﬂﬁmTuﬂﬂiﬁqwﬁﬂﬁﬂ@ﬂﬂmﬂmmﬁﬁﬁmfﬁﬁmﬁﬂm uaY
Fupeifunandanan sy dmiudndinutiTunssdmendn

2.2.4 nsdaAszAeBuvFdlushin

arrdgTusitunszmzgumdanasiannsaueniily uszdidfilfannsdes e
Tusiumdonanitegtugaasy atslafimmuduesTislefmpdeuegmel nssmnzquouduunds

Tulnsieuaniunisdainstewluafuuii (Aharoni et dl., 1991) Al-Rabbat et al. (1971) 518411491 61

av o - a ¥ o 10y v ' > v
semmidatusnysol doy warasndmsdudumnniifed B lugrsemmaunesenisTilslunilivednme
AIzuaNnEIn uaraNAlngIaw” 8.0, 2558
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wadidufeasgfwddlusiuanenuanluily war 39 wWadidudunannsauenfily uazwilng
2819(5A1N Maeng et al. (1976) 578911Wdn fndnfmunzanszdneueslnidy uaznsauaniilnly
msdaasekg@unadlusinde 75 weddnuduenluile-Tlnsien uar 25 Waddudnsauandlu-
Tulngiau wonsandd wissm ATP fidnSTisu daliannstesaaeanslulmmsnlunssinnzgunfiiu
niladunilefifimmdrdysenisdunseiqaunidiusuy qaunadlustuiognesssasfinasnie
939 uard AN axinadendusznaurasnsauand@uils Wassinqduvddianuasnsalunnsls
uasbilmsisufiuansineiu letsndanssifugduwadliustuluead aaoe (2541) e
UanadluTngiantuqauridduingy 36-49 waedidudlussiu 4 85 Wedidudensimunaraglugions
Tusshuudt TustulusinqAnvadidulusiunifiaonmgs TaeTusTadaiinnsdesifindiuuafi@e uiidne
biological value (BY) 2slussinaasTuslnda uazuuafi@essliunnsnaii usidefndiuen net protein

tilization (NPU) wudnTulsladofdngendnuunfiBe

2.3 AuANTAR2INAITRIURY waznstEndiedududiuamnsind
2.3.1 nALYaIH (glycerin 58 glycerin)
= o . 4 \ A A A . a P o
NALEBSH (glycerine ¥3B glycerin) ®9BVITEN91 NALEDIBR (glycerol) WHIHDN FITFININNWD
7 o ‘ . da .
Alasanunanasad (polyhydric alcohol) fiflvajlansand 3 vy fgnawaflifiu C;H05 W30 CiHS(OH); fidte

naeafidn 1,2,3 - Tnsulnaaa (1,2,3 - propantriol) wazfignslaseadauanass Figure 2.3

m—0—Q— i
m—0—Q—t
H—O—Q—

Figure 2.3 The chemical formula for glycerin

ﬁm: Ma and Hanna (1999)

JaqUuifl#ndimasulugaainnssuninnda 1,500 gaamnssy Usenaudaenisnan
synthetic polymers, cosmetics, personal care production, food, plastic and alkyd resins URY
pharmaceuticals g (American soybean Association International Marketing, 2007)

aifuroundimaugnuansnnanaas (¥ (by-product) amenianARF eIty (vegetable
oil) 3 {vud®nd (animal fats) warilaquNI9INNNINER biodiesel TmunTeuasnIs transesterification
Aeulsenoudian 3 naruaNnIanan fail

1. hdtugnudeuiunsnlusiu Tag acid-catalyzed esterification

2. Base-catalyzed transesterification #1981 methanal

3. Direct acid-catalyzed esterification $i9¢ methanal

a o 4 a ¥ oo 19 3 ' 3 1%
FaunsAdestuanysel Gae “nazssndisEiiAvaninTfiefiliudgnesmnaunesants st Temilvaclnme
ASTUAUNTIMIN WRTANAATHIRTIAW” oA, 2558
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ﬂfi:mum‘smmﬂwgﬁ@ﬁﬁqﬁfy A base—catylyzed transesterffication BaLfiungruannisife
vnsntvinnnsnanlulafiiea (biodiesel) (Van Gerpen, 2005)
Uszunns 10% asmmindiulinanfulediragnivdsuluidiungisedu wisussunm 0.3
Alansusanisndnlulefies 3.78 Ans (Thompson and He, 2006) nAra3ufiliannnswanlulafia
dmlngjuszneudineanseineg Annfneannniandsinbigeliugqnd dedu dewibiusqrideuiels

a v Y

o /. 2/ h [ 4 o =" A’
wHnzaNdMIUgARIMNTINATINRARRNT ATl aRennsEnfieiunilidesnisiniiusqns

Wsidin dedimefinnsfinendaluuganfinnsifumendaluletioa warTusuanfiutialiuntsninann

v
=1

I

2.3.2 AMANUAIDINRITTH

ndmednfidnuoivenanaclaontln Bifa Tifindu BidAs Ssamanudntion azanelieity
v bmues vuea Telnsedeadivaniuea danuaa wunines savinesinanes Tnsimila
8@ Wi uaraslsrneuiduavinelslsadn Triafiafines efineaned uaslneanion Tiavans
Tilslnsensuen unanomedffildena uasdviazaedwmanialam suifvneneniwanenfisedug
diinliiana (92.06) qavansman (18.17°C) avtumfla # 20°C (1499 mPa.s) (Temng, 2547)

ierinAinedu 66.7% Tnedmin azanetush 33.3% arliamarasifigadanuisfiunn
Ain -46.5 °C nAratuilqaiongeile 200 °C iasaduusssNne (101.3 kPa) uazflqaiRananasns
AHAUana

nfweduannsnifinufitelimilantuioansaadviag T Taefivylansangadiumenssd
pudesblun1sieuftensnnndmlansendanssnansnalianiosidunan wiswe nfigeiu
ansnsampnenie 275 °C TaglifineazTastiu tmendumdusniasidiunsndntion wudndl
a0mgf 160 °C szifmozlasin faiu UFABeresndiwetudsaarinuaniasidinnans wiadhuus
warfigomgRvinsndraiuetgaaansdustissnnide wananid ndwedusignaendindliing Tned
azpenAtusufinunenszgneandinddungaifuenda uasarnananfueunsenansenfindiumeans

uala

2.3.3 msiRnniseaniulamos uarnfigaiu

TuTafiina (biodiesel W3 methyl esters) Munefls wasRapamasaINTm (2T (aky! ester of
fatty acid) LIMWANTHNAUIUEITHERHARAINUNTURY (plant oils) WEadAd (animal fats) By
arTusznavdunidussinninaniioalss (triglyceride) HanTHANNTZUINNNININATAIZ RGN
transesterification  laeyinUA3entuusanaged (unuea visieviaues) finin wiadradudaE
Ufseniululefioa wasndimndn winnfiweseafu (cqude glycerine, crude glycerin W38 crude
glycerol) (A3 UATATHY, 2545; Van Gerpen, 2005)

) e/ o’ J
Ussinneaslulofiaa wivaanldidn 3 Usann sesl

o o s 04

4 -3 g ot d b A a ! ;A } 4
s mumMsIdeatuanysnl 5o “waesandeeduiuaminifeitiuia tugrsemasunzannistius: lumdHuaslnme
nszuaunsmn uazaNRabilnsian” o.n. 2558
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1 ity wierhiuennlefdadfesathaien Tulafmausziane dniffimudig ww
shiundn i Eaaydn driunendie dhfutaRa sudamdes dluenda dafusdn
yunzu Wisvtann adhudnd e sl ﬁﬁww‘i'f’fﬁﬁqw‘%‘fﬂﬂfﬂwﬂuw“"smﬁumimﬁﬁ'uq D!
mfﬁ'ﬂmmmﬂmﬂmﬂ’mmﬁﬁﬁummiﬂﬁmﬁ%ﬁuLﬂ%mﬂuﬁﬁL%@Tﬁmﬂ

2. Tuleflmanuugnuan nunnsnanszminaihiiity wiornien lfudadtuintuing vis
shimeadetFdanmnatndidssiuiidsantlnsdennniige w Talafisa (coco-diesel
\Bunnananszdnesisendnatuiiiuinn visuUnduiiaa (pam-diesel) TunnsnansEdtannt
Unduifuiniufies

5. Wulpfimauuuieaned Aensiniieinily viadadluvingatenduueanased vin il
aaiaamed wasdeniulefizad FaseilaessoanesadiitivinugAten dudusmiuea Bun “wfia
L@’NL'VI’rJ’i" (methyl esters) wazdudueniues Bun “wwfiaeanas” (ethyl esters) u@ﬂmﬂﬁ N Ghl
w031 (glycerine) vidandiwnsaa (glycero) iunawaau (s (Figure 2.4) FarinluTtugnannnssuen

41
qmmmmﬁmmmmme AVNTANT LRZNARAHTVINAITHAEDA Lﬂumu

Hz(?'O"CORg HzC‘—OH R1C?OR
HC-0~COR, HG-OH  + chgoa
HzC~0~CORg H,C-OH R3COOR

Ry, Ry, Ry = long-chain hydrocarbons
R =-CH4 (methanol) or -CH,CHj (ethanol)

Figure 2.4 Biodiesel production: transesterification reaction of triglyceride to biodiesel with methanol

'ﬁm: Leoneti et al. (2012)

maRsduegneaniaresgarmnasinananulafimaiinnnnnnda 10 Bfruun il
BN RiweiuAuNING Y (Figure 2.5) tuanigaudn mananlulafizafintuann 1.89 §mans
Tl .1, 1990 1w 2,65 Wudmadmamstul A 2008 hinadasnannniafinnisdaty e
wAsNNaNTEdnnenE (National Biodiesel Board, 2010) Tanfilassmmnszanamnuigeneg uanads
Figure 2.8 @9lf¥umanuilenTifuundmasanumiaden (atemative energy) uﬂﬂ”fuTuﬂ@qﬁu Wy
A.A. 2007 NRTEALAGVIEIlana N aRARlFUszHns 90.9 WudmAlanSiasnaiandieedu uas
ARIADLENNARTHLUSYHNN 181.8 &uRlandy wisueuiuuSnanisliudszmemlszinm 159
&1Alansy (American soybean Association International Marketing, 2007) AsfindNees nRiweduAuT
WseTomilddonatisnananas iuanmgWgndwbilisunaninls Tifuu uaznmainfiredu
douAnluTEmadendu wu awnadad (animal feed)

sanfindigetuisnangn uazinwafisnauns nazfubigndadadiumntiaruauls uazm

A8Usuiuna et Hiduunasainiania@en (alternative feed resource) HNT1

a o o 4 a ¥ oo A9y o ' 3 1%
eemnIStaturysol @ “avasndweiuAvaminditstiuiahigraemnaunzsianistivssTem{liveslamie
naruunnaviin uazangAlnsaN” /.0, 2558
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600 NN FProduction

—m— Lltilization rate
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Racconnt

2000 2001 2002 2003 2004 2005 2006
Year

Figure 2.5 Biodiesel production from 2000-2006 in the United States (National Biodiesel Board)
ﬁmz National Biodiesel Board (2010)

2.3.4 n1suAnlulamoa warnfreduludsaneaive

v oo

Tulszmalng nsngsfiandesnu (2556) s1a9udn fusemfisanadowiiuiudnluled s
Trzinninfialeanndanensalzii (methyl esters of fatty acid) #3100 Uszuned 13 Ut sy
ANTiLraUNIgI Wiy wae BiRes s lulafisafinndsnansanseus 50,000-1,400,000 Ans/
Fd FANANAINITHRAVIONHA 5,205,800 An/T WD 1,900,117,000 Ans/Al (@nn1saunn) Tnsussm

| o o = o o ¥ o o  a 13 [ a o (% o
AnRInTHARgIgaAe USENUITURTUYN 910R BA1d9WAn 1,400,000 RM9/AU TBIRIHIUIEN
WRNMLTGND SR Jridan@n 800,000 Ane/iu uarnswAnagaie s, usendlnsfas &
S1AINAR 50,000 Ang/A4 Ay Wadsdunanasulfrasnfiwseduiu fudunanansldindnyaenis
KAnulafira TnaUsen1oinis NARARNA EaaRALWINGY 570,035,100 AlansH (31NN19ATHIN
mawdnlulefion 3.78 Ans (HnRwaduiy 0.3 Alansy, Thompson and He, 2006)

o 3 o = a e o/ ] (%3 A’ =3 ] oy 4!

9t N9 A esuRurRmuTuems®I U RgsunySsdnar T uuuananiisTunnsg
witlin191ALARREIITNATH naeuenanssiiiunistiusslemiannnanass (FRndelisn
nagagmnssHUdRiTude Suliunmafisgsresaanass Fmaetisnnnisgaamnssuunds
g e/ = ¥
Wsuansing

2.3.5 9AUsTNauNILANaaInaLTasH (chemical composition of glycerin)

a a . L a a_a v ' L
ﬂmL*ﬁmuTugUmqVIﬁ%mﬂmm (sweet) AnAnting (odorless) 2a9mad(HAR (colorless lipid)

§ o = , & R a = g
Baflmananilen (viscous) FIHITAYAAINININNUTIEINTA (hygroscopic) wazflqaifinnge UNAKgIN

g o Dy o « 1

VDIANNUIFND warnsinlEnfiadulu M usclond aensaudsnfimaduiy 3 e

1. Technical grade Tail#ifinamnavide pharmaceutical wailtunaiadl

2. United States Pharmacopeia (USP) wisnedmisuvineanns uasiiluvinn@snoian

1 g a’ © @ o s =
3. Kosher nAlza3uanunasdisuiauasasin (U msunian@n Kosher food products was

Tﬂﬂﬁ’ﬂﬂﬁmwﬂ%ﬁmémﬂﬂfi’l 99% (American Soybean Association international Marketing, 2007)

A e ¢ 4 - ¥ o {0y v ' 1% v
stmunsAdeaiuanysel Ba9 “navasndeiuivaniniisi Hudatigrsemnsunssianistilsslenifvalnou:

ATTUMNIMIN uszENga M InsIaN” a.A. 2558
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TunfiraiuAuesfidnuoirensd Biwuen aousga light amber TUaudis dark brown in9en
A TLAgvBnenAieeduiy ndiweufue:ianuignitstann 60-85% Feilafianaiug anding
agfagLiarnaufaeinde i smsen (methano) Tusi uaz Wiusin Arsdiniuesaonalivignd
frauudsguilasanaiassugitendiusendnaniandn methanol recovery rate uazARRINNYS
ANAN9Ee4 (2T ANn1sANENYEY Gott (2009) 318 uAstNNAEeINALINNNTINER biodiesel H
Avdindiuraadin 4.79% uazeglurng 1.28-8.98% vinuanAeariu Thompson and He (2006) 518974
i Ansdindiureaidinag e 0.65-5.5% # Na 999 1.00-1.40% (21t 1.1-60.1 % Arilulamsntas
26.9-83.3% warlsAngas 0.05-0.44% Tusednendiradnaud(Faanlsssmsineg Senanuiuus
momﬁﬂfizﬂﬂumqmﬁmmnﬁLm%uﬁuﬁﬁﬂamﬂLﬁﬂd*mqﬁuﬁ?%wﬁmmmnﬁwﬁuﬁmmmLﬁfa
WasUWgufULn R T uda (waste vegetable oil)

Kerr et al. (2007) 57897M1/38104284 methanol 189 2 Fatienfirnsaasnlssunantiy
thudeunguatan uarBenand A 2006 $U3n1ns methanol 0.03 WAy 0.32% AINATGIL AN
578914UBY Gordan (2009) FIHNIINATMENTIHNNTDINNG Uars (food and drug administration, FAD)
sydn sedufUannte USunnesans methanol Aasagiugng 5-20,000 mglkg (0.0005-2%) uazd
Sodium Suffate (Salt) gegmlHiA 16,000 mg/kg (1.6%) TunfireduAufiesiluliAedng Aot
WWa189U3H04 methanol TasnFizaduiuegiusiuauees methanol AtETunazUINNIHAR UazYTA
reaingAuAtEumananTuTafisa (Hansen et o, 2009) Furfu FAD Aalfifnminsnasgurns-gegn
PBIUBHUNTANEN9IBIENS methanol TunAmedufvA A s/ 150-10,000 mg/kg (0.015-1%) X
\Wiuseiunmegussiu United States Pharmacopeia (USP) 118N@aW3g vouedl amiugSgiun gty
frmuntiiiazi methanol THgegm 5,000 mg/kg (0.5%) Tundiwaiuiy Fafuszduiaendudmsy
manandnd (Sellers, 2008) dantuusznAuANIANENIDY methanol TunAiTeiuneniufisrin
1,000 mgrkg (0.1%) Bz Tuﬂzimh:mﬂmeﬂ‘mﬂ@u%’uﬁi:ﬁu 5,000 mg/kg WAL 1% YBIBINNT YEE
10,000 mgkg Tuigmndauasanigewdng (Gordan, 2009)

wynreaiugande Ui iBenTunsruammandn Wlsfios (transesterification) famnaudiiRy
sadns el e B usymeaiint axgriewlmiusane sadi alas3 e (dlcoholdehydrogenase) Tt
Wassmmealiidunsane$in (formic acid) uazwasiaflas (formaldehyde) Bensanesindiiatuiu
smgivinBidumefinnzdendiunsnegneguuss (severe metdbolic acidosis) uazazvilidndnuen
ilsannuazamangnyinane (Kinoshita et dl., 1998) wazfvinanzszuvulstanadIunany (centrol
nervous system) vinlianidamu (vomiting) #uaA (biindness) wazifilam Parkinsonian-like motor disease
Tudnd (Kerr et al., 2007)

I

annuiuUs Al st naunsafvesnfiseiuiuiliussnaugaanmatuniandnd gdng

[

& P A g o ‘t [Pz o av o as 4 1 T P Pt a
WuRsvionae AU HHAIIHBALTH LRSHINYDYRINNA FIAMHUANA N (HBIAUTENEUNINARDI9H

= At s H -3 r A { v v r } A v
TemHnATeatuanysel Ga “wavaIndizeiuuaniiisitiudiatugranmnsunssients s Tem Heaclamue
sz uazanRalRsIaN” AR, 2558
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! = = o/ s v 2/ s A i Voo
NﬂﬁlﬁﬂNﬁ‘iﬂﬂ’WWﬂqiL@‘if‘gLV]‘LITG]"LI‘I’NNW? WRZITTALATIHIIHAHLDN methanol i%ﬂUTﬂV]'ﬂ"l@ﬂﬂTﬂLﬂﬂT‘V]H

o w | P s oo Y |
waavindunsssadnd GiduRefidasdinisfinen uasidy sely

2.3.6 nnstinfiraiuleladng ARG OTRNT TN
ndwaduRudunAndorinass [Fennnsrummsndsnulefios srnsaisnEnauwndagiy
amnadpdussam Bindssmdll (Cerrate et al., 2006) farmgnndunasingAuTindsnaiedug nfize
Suduiinzasmaomiafifinaadin uaiiaoamamussanm 60% 18911A1R (~60% the sweetness
of sucrose, National Biodiesel Board, 2010) finfutasmues visusanesadfidntusy Werndime
%uu‘%qw‘émwrﬁhwﬁ\mmqu (gross energy) wudafidnwinfiu 4,100 Alaursed/Alaniy (Brambila ond
Hill, 1966) nAiweSuALAifidannssnauresnfisetusqns 85-95 wWefidusd (National Biodiesel Board,
2010) AN smwiaTy 3,625 flauraed/Atansy (Dozier et al., 2008) uasidanBaudeuiuri,
Fralwemuingan 36 Wedidudussrmwasamii tuseleniiFusngamittidinalne (\Re, 1994) sy
nAeduRudssansavauilnas sy il unsdan (Dozier et dl., 2008) avnRigedudusn
Amssimdauasznouiifiuudsn uasnsaladiumudn nAwesuAuddoudsznouidinlasiu ipid) o
Uszunms 25-35 wafiiud nanloiufinufte Undudfin aitesn Teladn uardhuadn fussigfinufie
waadun Inunadun unnihi@on Tofey Woaneds uarAtnzdu wusgludduim 4-163 ppm
(Thompson and He, 2006)
naweRuasnsaTfiduamsunasemadainiadenilugrannssunisdednd Tas v
wiareanaN I Fetefldsrangnmiuemeuns (Musselman et o, 2008) Taiile (Schroder and
Studekum, 1999) 8119§N3 (Mourot et dl., 1994: Lammers et dl., 2007) waraWNs&AdTn (Cerrate et
al., 2006; Dozier et al., 2008) \fiufn wenannil Uszlemivasnfiedudumunsatatusmnasis
AmENUadERada (texture) savaadnd TnadasaynqnBusmnsmuiaidngantu Asuny
Au uazanayniAfiaziden nivredudstisandupuditundsnuiifisatunisitemisdadais

FraTwadiumanTuamsgnaflewdnunfimeduiy 15% 28987115104 (mash) (Groesbeck et al., 2008)

1
o o/

FefAddagnuenudn maEEnnfreiulugnenmmnsszinn 9% dusziufimangunisiiaimis
fedin (pellet durability indices, PDI)

2.3.7 unuaRneasnfiradulunssiniesin

ﬂwﬁ’us’—]’oﬁiﬁmwﬁmwmﬁmﬁ’umﬂfﬂyﬁuﬁs:mﬂﬁ (volatile fatty acids, VFAs) #nnsdaasnest
atlstunszmnzgn fsanalasudvinaiionfimedugninunys laviedasani3a Garton et dl. (1961)
18997 nRraseagnudin uaziAsdluidiy VRAs B in vito wirsnTansaereL [Hikeeatmileng
niweiwiamuayinii degnuumuslaituidy c; dadussdussnaundnfididyues VFA findnla
AOARRDINUTIBIMTEY Johns (1953) Wudn Cy (Rsdwianasdnuny in vitro ua in vivo Tunszmnzs

4 =y A’ ] v
wWupaunzfainisiasundgesea  WaNaInl ATUNNAEDTIDARILLAYNINADITN NTLNIZTIHY

ey e 4 o ¥ .o {99 ' 2 v
s1E9MNNTATERtuRINYse] Bae “wavssnfeiuiuaniniisfitudatugnsamsunsaenistiusslamiFenslnme
AszuuITn uaraNga Hlnsian” 8., 2558
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(rumen contents) 28 TawLIWINTRAN C, uay Cs Funandngavingndn (main end products) 289
NSTUAUANSIHUNLBRTHNAIEETEA (Wright, 1969)

| wm:ﬁﬁnﬁ%’ﬂﬁluq 871791 USHnadmnadinguaes C; WAy C, AMRANTN WANNSHER Cp ARAY
HaiadunR o= (Czerkawski and Breckenride, 1972; Rémond et al., 1993; Kijora et al., 1998) Wazn13
TomnsffinisiadundiooiuAufisssu 0, 2 wie 4% OM  basis) TupmslaguAlEsunisiany
NTENNENLIN ANHENTWERY C,, C, WAY Valerate ﬁmeﬂﬁmmm?ugﬂgmm%’mmq (Linear, P< 0.06)
pnsrAunArredufifindn ud ¢ Tuflwasuulaniasendninaresgasamis  (Parsons  and
Drouillard, 2010) HBAAKBIRUIENILTES Trabue et dl. (2007) AnLd NanARTEY C, aAR B0uEft C
TiuAsuasflanaunfsasaatuue mm“ﬁuﬂsquxgLuumﬂLLsiTﬂuW‘ﬁﬁ%’umWﬁﬁﬂszﬂﬂuﬁw
50% D151 Uay 50% ADIDIMISNENY Yuaufgafunananuaensaltufissma Eionun (total
volatile fatty acid, TVFA) Bifnnswissaiefinmastundiweiuiiemnsineacladla (Mach et dl.,
2009; Parsons and Drouilland, 2010)

peusdt lactic acid uaz succnic acid Winan@ndi Fannisimunus lavinfizasaaduiiaaiu
(Stewart and Bryant, 1988) vinuasifigany Jarvis et al. (1997) fieneemdn Fnaauey formate WAL
ethanol AAlEennnansnnawesulasuuafide Klebsiella planticola fimauidindiuindu Howmmda
FINNTLINITIINK (rumen content) B89 red deer gﬂ“i%ﬂ‘sﬂ%ﬁ ﬂﬁmfa‘%mﬂum‘sﬁmmiﬂgnmme@
T@ﬁuﬁumwﬁmqﬂﬂ”wﬁmmﬂmmﬂﬁq%@gaﬁﬂdwm Fepnuuansinanaiiesnsinslaeesemis

warrinlsznsuesgiunadifies unsswizgiuu

a

['4

2.3.8 nsastAsIEnalaNanniTau

L1}

& Y as o

nawesuiiuansnadufidAyaeinsruannisdaunsnsinglaaluguees glycerol 3-phosphate
(63P) Tnenfinlnsamnsuamu (carbon skeleton) ﬁm%’unazmum‘sﬁoLﬂsﬂ:ﬁmﬂﬂﬂ (gluconeogenesis) (Lin,
1977) B9 Mourot et dl. (1994) TiMitinyaRugy wazadunedinfwesaauansneanainunusddy
284 triacylglycerol peina{s u,ﬁqgﬂLuﬁﬂul,t,ﬂmﬂﬁUTﬂLﬂuﬂ@ﬂﬂﬂmum\mi:mumi phosphorylation h
U289 glycerol 3-phosphate (catalysed by glycerol kinase) wdrdingnsruaunnsdaunsnzi LﬂuﬂQTﬂﬂﬁ
1 umsamsdsnisansatiussTenimidmiudnd dnaleniagianndmiugnandd
Fangnadnig Fefanmanauasundanu Finsnsdunssinglaauanid Figure 2.6
nRgasaafigniiuiiumnismisezgngadueinsauitad (paracellulor) iingnnehamad Tng
AgrUaUNITun s UL TH THWASIY Y3aN15UNS5594A7 (simple passive diffusion) wazanNnIsAnEall in
situ 491 fndngudmsunismudindizesealudnfidnuawwudi feesdudionn (carrer) il
An Na' Aidund nmaunsimadasadlnesansdansiatudann (Na' -dependent carrier-mediated
transport system w38 sodium co-transport) LHusinangs (Kato et al., 2005) uiandimaseaargnauda(y

Aeunnmnadudsas (portal vein) uaziiussfairainsrusunsdaasisinglag nazuaunei

= as d - v A H 2 AN ' v v
sneamnnsIdeatuaNyIol 589 “navaenfseuAvaniiuie i hugreamsunesennstiuslemiliveslnme

nazumdnsin uazaNgallnsan” a.A. 2558
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Aadululuriuasioadunistindisaseaf (funeinnisaaiusinaes triacylglycerol (triacylglycerol

catabolism) neluisad

Adipose fissye

Dietary glycerol
Y v

NEFA  Glycerot — Bloodstream Ruminal fermentation

I Y& == =GP G3P ch%yl-CoA |

0 9

Figure 2.6 Proposed metabolism of glycerol in ruminant animals

finn: Osman et al. (2008)

& g

nszuaNn1IfATIzing laaluuyusd (humans) vy (mice) Fndidnagniaginns (mammals)
Tnetaludadduidiumdn widiedoaziu wu Tn wasauessnansodaaseilitnelnenszuaunist
(Lin, 1977) TudndiAuades 1wu Taun ndrnsaagniiviiusadeiuiiddgeeinssummadanss
nglas uastEsnundnazntaifia ketosis Tutaeszmdng transition period Aausif] A 1950 (Griffths,
1952; Johnson 1954; Fisher et al., 1973) fain Tutlaqiiu nfzeseadegnitiiningAuluamnednd
{AeadBe (Schrdeder and Stdekurn, 1999) nAwasaarynsagniHidunaatuamnsdudada Tasun
RavtinDIp NSRRI AW (topdress in diets) ¥381%n191N (oral drench supplement) (Schroeder and

Sudekum, 1999; Goff and Horst, 2001; Defrain et al., 2004)

2.4 1BnE1s wazenddeiiduadiasmstinfimeiuiu uar cocck tudnfiFundes
nRmednlEsunsensuininingAufidanaanasiy (FDA, 2007, 21 C.FR 582.1320) gn
snoytungaingAuusafistassiall (general purpose food additive) faifis anmnaalfifiuesdndls
peinelafinn arwlivsarivaandimedu Wy Ansundenesasmmeaidnfefiasssalngsds uas
AR lHfAN 1% (10,000 ppm) DM e MIRMIUARSAnaEeY (FDA, 2007) uae Shréeder and

" %] = v, ) ° v o ¢ g &
Stdekum  (1999) uamalBindmanudnlulilunnslinfiednlusimsdmiudndinendss uas

av o $ = ¥ o A9 v ' v,
eeminAERtuaysnl Be navesnAwadveninidien e ligrsemsumesnnnaTiusslemilaslnme
nszuaunaiin wazanaa lesian” €.a. 2558
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=

squdnfiedudussdesinsnglag ndweaiivesdlszneuiifvasamis wiidnmreszayhigud
Tiuagns dodu nfwetuensudiningivTuewnanaudnia (TMR) wiaamasiiusmiln Fugag
Wing i nrase s ATy

Musselman et dl. (2008) Uszifiunanistinfimadufissiu 0, 15, 30 uay 45% rasinquivhugns
amsunsgRLT anssanmnseIgdiule wasgaesndafiannssiugs wiflultinanaaie 403
weAuRaTAUNNNndn 30% v04sdl s5du 0-15% GiflAanuansineiu a19iilesann Ansiaundisedn
seAugufinll semAdesiu Gunn et dl. (2010a) T8 uNaNIsENAIBEIUALASEU 0, 5, 10, 15 uax
20% vevimguietuunzgn wudnUsuisnnsinlduesemisanas (L, P =  0.004) widnsinig
wiyBuTmndutuguuunaunisidorssnass i nfimedniiiadu @ P = 0.05) zoud ATUNTN
N HuANFN

Chanjula et al. (2014a) AnEHATBITEALNRLEIUAY (86.72% glycerin) THgRIBMNINTNIFSS
(TMR) sinariu (0, 5, 10 ua 20% snddy) Tuunegnuandufias-unsTnaydan 50% Yaunmmsau
Ti narusunswdnTunssimazqam vunvalailunszumden uarannaulnsiousasuns wudn
USsnounafliionsmansdmguite uardinlsravinnsdenlFenslngms (DM, OM, CP, EE, NDF, and
ADF) flentn&iAseiu (P>0.05) Aasuarndiniuennglas BHBA uazen PCV Tunszumdaniian
TnéiAzariu (P>0.05) usderBnganTunszumdnafuuaBiuAndnlugluunidunss (L, P= 0.002) A
seiundeinfutugrssmanaadatifintu sosiidaamidunsn-dne wonTudle-Tulnsieu uaz
BUN feinTndiAiuarin (P>0.05) enuiunguitliisunaioedudiu 20% fensndnngaildiuniiwsiuay
10% ArAadindneanan fauszme himun Uszrnsqdundd uarnistiuselomfvaculngians
A umnsinefumnea@ (P<0.01) snwanismaaesi snsnlinfeeiudviuemananiaiassu
20% TugmT9 mSUNE UAE Chanjula et dl. (2015) AnunauasseAuNRiTe3uAy (86.72% glycerin) T
FATBMITHANIEST (TMR) sinaffi (0, 5, 10 uaz 20% mandiy) tuunsgugnuasimuiiss-uaslng
wien 50% seanssnnmnisedgiuln amnmein uazgudmlnmnsreaddouns wudd
sindafin Ussnninnsiulissemaiun (Fnquiie) Srsnniasindule uazdnsannsiiden
amnaumimindnsesunshidanuuandnedu (P>0.05) vwauduariy ATANY LN NEIN URY
aoAmnsTnsuimsssaiiouns s 4 ngu wodnllumnsineduTunneadd (P>0.05) vnuedl Anglag
uway BHBA tunszumendiandidnetu  (P>0.05) widduganTunszumBanfinuunnsineiu
(P<0.05) uarfluwaliufsduluguuuudiunss (L P= 0.01) swszdundigeiuiudignsans
waMEFaRnTN arnnantamaassianansnaqi sansolinduweduiuduumsavdsmmaum
Fnlwatuemsnausiasziu 20% Bugasemsunelnebiffnasussanmnnsedydiula aonm
s gasdmlnmnnisseiauns wassuwue lavilunszuaien uazfiinlaidernannangsandm

& g = v o oa
YNURHATBINTTVREILWEH LLWJT‘HN PWHYY

a & o/ 4 = g s 4 kA L %3 ) kA ¥
e mUMeAITERTuaNyso! e “navsanfisedufiuatninduied i lugrsamnsunsssnts s lemilieesTnoue
nzuaunI uasanRa (ulnsian” a.n. 2558
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snzfinasdnunTulaiegn nudraansalindwetwdutugasewnatd 10%  gaafin
UszAnnmmstiamis uashilnasdamissonmmsedgduln uazamnmwen (Pyatt et dl, 2007)
FaAANDITUAIIANE128Y Elam et al. (2008) WUdMNSIEEHNREESHAL 0, 7.5 uay 15% (Hilnase
aussnnmmMaEiyduln uasdss@nBamnstienms usiuinnsinisinlfvesinquitefuunltinana
faqiiudidnfinmaftinunniaedunfgeduiuluemislaguiuunn (Versemann et al., 2008; Parsons et
al., 2009) usinastasHTInAMMIEIYRLTA uash TN SATNALLS

Ramos and Kerley (2012) Anwnnnsia@unfisaiufiufiazdu 0, 5, 10 uaz 20% #asinguiese
nerumHManhmaaamases uaranssonmmseiniulneaslagu wudnbiinasanssumnamintu
vaeanaasd Yannninisiulfizesinguis uazanssanmmsndgiulnendlagy

daunsAinuniulaun Donkin et dl. (2009) AnwnnistinRusedumaunuinalwatugasamisw
TedmuiuglaaalmingBaufise i 0, 5, 10 uar 15% iiiuaan 56 S wudnlinasoyiunmnisfi
T# (23.8, 24.6, 24.8 uay 24.0+0.7 kg/d) wam‘imﬁmu (36.3, 37.2, 37.9 way 36.21+1.6 kg/d) wag
ssdusznauynaafinesinun eniiu gde-Tulnseuluiunenas (12.5:0.4 to 10.240.4 my/dl) Aa
sraunnslinastindimeduindy oo wiledamumAlisundmedumauwuszdu 10 uar 15% §
dmindaissnnndu Trdaud Funfioeimaumszdu 0 uwax 5% UAAZUUUAINANY IO
remeliumnsinariu (P<0.05) faiu Fsmnansalindiweaduszay 15% Tasludnasioaussanineasln

’ilmzﬁ ANSANEINNTIE CGWVO w3 CGCCF (crude glycerin contaminated with high concentrations
of crude fat) Tuuwzﬁdﬁﬁﬂgﬂﬁ"lﬁm Lage et al. (2014) Anunnn5l¥ CGCCF (36.2% CG Wwag 46.5% of crude
fat) Tugmammisunzauiiazdu 0, 3, 6, 9 wax 12% wudtanunsald CGCCF Tugnsomnsunzu(#a
sviu 3% TnelifinanssnusieaussonmnaEdgiuln uasaunmeInasun: wissAUfigendt 3%
finanszvusiaanssnn NI YRLln uazgunTIneBIuNg

Tnaaquenmsmsaaenansaziulidn asnsatindwsiuiuidudonisneuTusmnsi
dmsuladn Taun uazuncld Tnelifinaidusomss anmnianda adrslsfinu Tuuszmaing
s1ueunansAdefifiuedunanisl¥ cowvo lamistusonszuauniandn wasflinainantu
nszmnzgmasdndiuadeede il Tnaawistuunsiide wnsun way viadnddunidasiug 4
Aestunaliigaiiddn Feanstinsdnuadetudssiufndiaiuda e lEdoyaugiuiae
ilugniswmunnistiuselemiannnstd cowvo Tuamsin uaramnsnandndagy (total mixed
ration, TMR) d1m3uiassunsile uasuwsunsely dafiufsagar (value added) 2asnanansliann
dfufeftiude  wvo) swdesatiuile uasusiifiyadgs SudunisidngauTufuriantan
Uslemigegn Snidadiunsansanazassmnmisfsganimuanton uazandiuulumatidannie

wiRpRananaiie Feilsuutumsindeiige Tnaflannfigmde

o< 8 s 4 < v A 4 kA ¥ 1 v v
esumaideatuanysnl a9 “warasnfiseiuRuaniiifiefiliuialigresmnsunsasnistiusslumildenslnme

nszuaumsmin uaraNgaHlnsiaw” a.n. 2558
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1. mal¥ CoWVO AlRannnszuumandntulafiea sansmitnntinaumdngAvemedad
UszemBindaam iy fnalwaluungliodrsfilssansnm Retauandinym uanfinnnsT¥ingfudifiv
wiimdontnisinuasiivemnsdndd Tnabifinansenudsnisinli waranssanmnisninuesdng
2. M9EBH COWVO Ailfannszuasnananiulafieautlsgudaniudingfudug Wemnsiy

- - . VP S 2N T R

aInANUTEANBNINSTLANM TN THnssE g LassHARRRSIABY BB RBIANNGNAR LAY
& a vaty o y A

Ao masafie ussunansaUfIR [ Tnelamisdndtuiinstu

C P ot 4 o g LA § 2 1 kA v
semnsiseatiuanysel Fa9 “navandmehiduaminiiifsitiuiaugrsamsunsranns s Temilieaslnge
aszuannsmTn uarannalulnsan” a.a. 2558
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unhn 3

FEaniun1siay

v A a ¥ oo {®y . .
NEERREIFRN NausNA eI UALTINUT AR Huda (crude glycerin from waste vegetable oil,
cewvo) TugnsamaunzannistiussTamilivadlnme nszuauniamitn uazaunallasian Toe
t 4 ° kA b A a ¥ o H v oo 4 k) o’
soiidudanniht uasmusmalindieetiivamiueitiudahgasemsume Waltdady

e Y a ~ a v ¢ & & Y Xan o v |
mmawu@g?ummau‘fummuw@mmmﬂmmmmm Tranisfnenasefififanssun1siqauLs

o Y 1 o/ J
spniduidindeys feil

1 v []

AISNARDIN 1. msﬂszLﬁuqmmma‘fnﬁmmﬂmﬂﬁLfd@'%uﬁumﬂmuuﬁ%ﬁ?%u&’q

° o \ a ¥ o 9 v A0y ! o o

YnsiS U9 nd et ufivenutu e A lEudaf [ iunnameaas et lUdnsnsing
aedsznaumnaed i Saquite Tusumeny 11 @aly uazledi findiu nnadBnsese AOAC (1995)
WRLAWAIH pH, density (1ISO 12185), glycerol (IS0 2879-1975), maisture (ISO 12937), ash (ISO 6245),

ol

methanol (GC-FID) AINA5NITHINTZIH (ASTM, 20006)

maneaasdt 2. nisAnuAaTaInRTiRL iR iui tugasansunsse
mstu sz ToenilaasTnoue nszuanniswiin uazangaulnsian

1. URHATTNARDIURTAFHVIARDS

HUNHATNARBIULY 4x4 Latin square design Tﬂﬂﬁmﬂuwmﬂm (treatment) upmnananasu
A SERTIAINENTINAEMNIMENL (MeNBNUHAURN) 75:25 aavIaasy (dietary treatment) 8 4
ngu Aastalus «

gwnaNARDsTl 1 (T1: nHATLAN) aWNTHENATUFITE CGAVO 0%

amaNARDT 2 (T2) BIaNANATUFINTE CBAVO 2%

BVNTNARBIT 3 (T3) BMNTNEHATURITS CWVO 4%

2 WNTMARBT 4 (T4) BWNIHANATURINTR COVO 6%

* Lage et al. (2014) $79ENWIN A5 CGCCF (36.2% CG WAz 46.5% of crude fat) gendn 3% #
HANTEMLABENTFONMINTSYRLTR UATANINTHTINYBINNE izt 0-3% Telumnsinadin darfu e
AnunseiuTmane B COAVO (crude fat 47.78% uaz methanol 4.38%) Tugmenmisuws n1sfnen
p%sfiAsanaumimueiiseiy 0-6% |

manAAeY wiiszeznaTnIanenandiy 4 $mameass (period) Tnaluudazdasnis
NARBEaT 21 Tu UNEAsBwnda (RIUemNTARBITHATUNNNENENNT

2. AnInARDY

Tunzgnuaniufisa-usslnaydeow 50% e S1uam 4 6 pgadniszann 12 dew Tng

uweihinminsmae 31.5+1.9 Alansy el sudndnaudinuaaasdasncnenens laasiundiv

= & - A - ¥ a~ J v 1) kA v
emunTATERTuaHYTol (399 “uausanAsiuBuInnAuRER s lugrasmnaunssisnns s enFeadlnmue
aszuaunaniin uazsanaiilnsian” o.n. 2558
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(ivermectin) ({aian@w, IDECTIN®, The British Dispensary (L.P.) Co., Ltd., Uszmalng) iRamuaunens
o > a aa ¢ ¥ o o a o = ta
meuonuazn1ell Snsnnslien 1 Aadfnsdewminga 50 Alandn uazialim@u A8 (ADE)
(VITAMIN ADSE 80/40/20, 135 T 3 13n i) Snannisléun 2 Raddns sedaynda usnaand dn

o/ 4 as = 1 A o o/ % 1 a/ A 24 J
FadwRetlasiulsrdindaniddnlfun Sadulsarauanuazlsntnnuazvindes

3. BMITURSNTTIATENDINITVIARDY ,
PRl = - LY ¥ ] [
psAE Iunsnasasfiuemsnasasudui fdndauamisiudeamnamenu (mejadn-
wrauie) 75:25 TmeTd COAVO szusineg nawmuumamdanusnnitalnasmuusunimaasy gns
pvnsiniilsfumen 16 Wadidud TragrsamnsisziuTneuinissineg asumuaufiainiaaed
uwnmAIiYes NRC (1981) uneynsngnistuaendafiasFiuamnsegnedasy uaifiu 2 A%

o’ j s a e/ ol U A 1 ol ]
1981 8.00 uay 16.00 w. NW'S’VSTﬂ‘EUﬂW’i‘IJﬁUmQﬂU'EI']‘VH‘S‘V]ﬂﬂ’f]\‘lLﬂl&\.’)ﬂq 2 NUW"Iﬁﬂ’ﬂ%‘V]QNLﬁUWQ‘BH"}Q

4. M5 IRMSNRINARDY

4.1 5x8xUSUART (adjusting period) YINNNTFNARINARDIATHUNUNITNARBILUY 4 X 4 Latin
square design Tnedndarlisuammanunguvaasaiivaan 14 54 Tnedadaslifuammanaunsudon
athafiniinnngunnaes WevinnnsAnunfunmnisiiliagnedase (voluntary feed intake) Tnsul
mstamngaandu 2 1wan Ao Faadnliaivnsusn 08.00 W. uaastnelamisiean 16.00 U, Tag
Tunstiamnadaed vinnnssa Widn) wasfesmnsfimae (ndedn) wartudastihevinnasds
a1t () uasfiemafindes (mdadn) WainlumuSunsnistiniEuusasiu Taeyinnnsan

TfinUSinasmsiiiuaramsfimdsiadnuandundu visnamsilideusmanlangns
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@ﬁﬂﬂi?ﬁﬁ’ﬂulﬂu ('W'IQLL‘VN) - IRV DADHIYH (QWQLWI\‘I)

Tuszaridandaglunssioieaitiazenntifunasanan wasfinnavnagsarenEmn T
4 (F-1fw) wazvinpanazenanen ugaadmndu |

4.2 sranfiusaatiny (collection period) sruziidmdagunnssiamsnlua®u (metobolism crates)
yiansusuAmd i anndmasiunsaiuasn 2 duuan uazlugas 5 Hmds vimsifiudaednemng
8 uaramasfinsaiuiiuges 5 Sussudazdanimaans aAEMafuLuivan (total collection)
(Schnieder and Flatt, 1975) wagrinmaifiusesmasainnasmaeninuaziden Tuiud 21 (Gugariie)
raudaztaniaeasd tinnstiamstiaungunaansmilaudaeiudnd udliifes 00 wafidud
yoaBnninsinEnomunhugaszazUiudnd e i maansfuemnasamsdadaiidimnty

NANNARDY
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NN FAITERTUANY0] F09 “NarsandimeduivaninfilsT HudaTugrannsunsdens s len{RrasTnme
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Table 3.1 Ingredients and chemical composition of goat diets containing increasing amounts of CGAWVO' (% DM basis)

Dietary CGWVO (% of dietary DM) 2
ltem THO) T2(2) T3(4) T4(6)

Ingredients, %

CGWVO' 0.00 2.00 4.00 6.00
Ground corn, GC 43.00 41.00 39.00 37.00
Soybean meal, SBM (44% CP) 20.93 21.56 ,21.83 22.78
Fish meal, 55% CP 1.00 1.00 1.00 1.00
Leucaena leave meal, LLM 4.87 4.24 3.62 3.02
Plicatulum hay, PH 25.00 25.00 25.00 25.00
Molasses 3.50 3.50 3.97 3.50
Salt 0.20 0.20 0.20 0.20
Dicalcium phosphate 0.30 . 0.30 0.30 0.30
Urea 0.20 0.20 0.20 0.20
Mineral and vitamin mix’ 1.00 1.00 1.00 1.00

Total 100.0 100.0 100.0 100.0

Estimated nutrients (%)

TDN, % 73.24 73.48 73.72 73.96
cp 16.00 16.00 16.00 16.00
ME, Mcallkg DM 2.65 2.66 2.67 2.67
Cost, bc:th/kg4 11.40 11.03 10.71 10.12
Reduction cost, % 0.00 3.25 6.05 11.23

"Contained 63.42% crude glycerin, 13.93% water, 0.47% sodium, and 4.38% methano!l (Colorless, odorless, viscous
liquid obtained from Specialized Research and Development Center for Alternative Energy from Palm Oil and Oil Crop,
Faculty of Engineering, Prince of Songkla University, Hat Yai Campus, Songkhla Province, 90110, Thailand.

11 = Level of CGWVO 0%, T2 = Level of CGWVO 2%, T3 = Level of CGWVO 4%, T4 = Level of CGWVO 6%.

*Minerals and vitamins (each kg contains): Vitamin A: 10,000,000 IU; Vitamin E: 70,000 1U; Vitamin D: 1,600,000 iU;
Fe: 50 g; Zn: 40 g; Mn: 40 g; Co: 0.1g; Cu: 10 g; Se: 0.1 g; 1: 0.5 q.

“Metabolizable energy (ME) = TDN x 0.04409 x 0.82. (NRC, 1981)

* Calculated with an estimated ME for glycerol of 3.47 Mcalkkg of DM. (Mach et al., 2009)

 CGWVO = 4.5, ground corn = 12, soybean meal = 21, fish meal = 28, leucaena leave meal = 11, plicatulum hay = 1,
molasses = 12.8, salt = 10, dicalcium phosphate = 10, urea = 25, Mineral and vitamin = 50 baht/kg, (Reference of price

of feed Ingredients by Department of Animal Science, Prince of Songkla University Hat Yai Campus, 12 October, 2014).

3 [ =3 a '
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shunAuadsrnsiaguie Tngshunusumstulivasdndhusiasiu uasBndoumihesdufuannus
artnntanaaes wininluouflgomgR 60 asmaai@ua Wuaan 72 Fal uasihluasiuazunss
wn 1 faRwns e lUAwssinnasdssnauvianil wu dmquits (dry matter, DM) Tusfumeny
(crude protein, CP) i1 (Ash) audTnns2a9 AOAC (1995) uaLilAs1eyt neutral detergent fioer (NDF),

acid detergent fiber (ADF) Wax acid detergent lignin (ADL) #1#i5n19289 Van Soest et al. (1991)
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5.3 NIALATNISTHINUMABLENIBUARIIINATLNINEN (rumen fluid)
rojuLﬁuﬁq@ﬂ'qwmLmaunﬂi:qu:wﬁﬂ (rumen fluid) PBIFAINARDIUARLNFUNARDIILIAN O
uay 4 Falusaaennsiiomnseesiugavingeasusazszaznaans lnad8nnsl stomach tube Fawiiy
vacuum pump L3818 100 14, shandaatmanaiiungn-srsiniilae ¥ pH meter (HANNA instruments

o/

HI 98153 microcomputer pH meter) Ltﬂzwm@'\ﬂﬂ?u wrhzasmanannnssiwierinesndu 2 diu ﬁ’\‘i‘ﬂ’

w1 grifiudszano 40 RaRART AN TM HS0, 91494 1 88AAnsAn1a9maangiuu 10
AaRAnT angANIsYins e AU v luihumies (centrifuge) Finamansia 3000 seustounfl i
a1 15 wif ifueanizdamiita (supernatant) WuTHszanns 20-35 fadans MliuTugusud
gosmgftszann -20 seraBee et uAinsesiues Ty -tilnaiau (ammonia-nitrogen, N5
N) Tﬂﬂﬁ%m‘iﬂﬁ”u (Bremner and Keeney, 1965) Tﬂﬂaf"ﬁm%zm KJELTEC AUTO 2200 Analyzer (Foss,
TECATOR) wazemsmaadndamiuinluiinsnsininas ltussmeFvianun (total volatile fatty acid,
TVFA) waznsmlusiusswe BAd oy lfun nsnes@Rin (acetic acid, C,) namtnaResfin (propionic acid,
Cy) UaznIATafan (outyric acid, C,) TneMirdna HPLC (Hewlett Packard) Useneusiag water 510 pump
(Millipore), UV Detector 210nm., ODS reverse phase column (5[4, 40x250mm) ARULAIANHATNNITDY
Samuel et al. (1997)

daufl 2 vionagaifiu 1 Aad8ns AN 10% formaldehyde 9 faRARS o fUmsaeiy
Uszrnsq@un3d (total direct count) Turl wumfide (bacteria) Tslnda (protozoa) Wazi@e91 (fung)
Tne ¥ Haemacytometer 217# 400 %89 (haemacytometer flaum NA19 x 819 x An = 1x1x0.1 mm) Tng
ynmafuuuafide 20 geadnTuunanzusens Taefy 2 duftemmdnefonnsdiniszes Galyeon
(1989) dnluslndauazdasvinnieiu 1 geelng Tnevinisiuiomun 25 4aanans TasvinnnaiuTus

Tndauaz zoospores tunnsuléndasqanssend (Olympus BX51TRF, No. 2804492, Olympus optical Co.

= L 4 - v L § b v ] 2 v
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., Japan) (EAnaagneaell wuafiBeuazi@osi [Eniasasns Wwin (40x) luslgaEnidsasny
Ltd., Japan) i wunfiBouaydosn s 400 win (40x) TusTasa? 100

Win (10x) YIMN195U 2 91 ieRganuiieniAnniseslsesing

5.4 Meguifiusaatnian

Fusiangraden Mlaan 0 waz 4 liensnistismissesiugainsresusiazszesmaans
Tnaiiuannidudendivnjusaniae (ugular vein) Ussnms 3 wa. Tavaaafifienwau (heparinized)
WatlaeruWidanudesa ndseansuinsniluwhes (centrifuge) AmarsiSasou 3,000 sausaun?t T
e 10 Wifuazifiudan plasma Taguududefigomafl 20 svreadus larinulinsin seiy

ggL‘%ﬂ—Tumequmﬁm (blood urea-nitrogen, BUN) (Crocker, 1967)

5.5 nsguifiudiateilaste

nafiutfaanashudasdndegduunseemeluadn Taavimsfufindeiu 5 fulugaegarinzaes
srazifiudandwlinisfuuiomn Tnelidwarafinuneang 5 Gns Sefinngungasanaly
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gpRanssnansgauvaifendnludesrane ulnaeulutiaanny vinisdniaunaaionsedililuusiaz
Fuuazvnnsguifiuiuszann 10 wedidudeasiiasozsiomn Wedilsuduiug 2, 3, 4 uar 5
udwinagunadaazanas 5 Waddud udniluiuwiteianaige 3000 seusiaund w15 wf
Wumwrzdanla ndsenmin sihluAmsisinudnneiulasenluiaaznadgnisans AOAC (1995)

Lﬁfaﬁflm‘fiLm‘j’l:ﬁmﬂQ'mﬂmﬂTuTmim (nitrogen balance) #ia (U

5.6 nsguifiudaateys
Buvinntsfiunandunisfiviiaans Tnafiu 5 Jufisdaduludesingaasnisvaans 1%

P 7 . o \ Y o ¥ o
AEnsfiuuuuyianan (total collection) Toevinnsifiutugaadn 1nan 06.30 w. Tasntsdaiminga

& &
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ARR L ﬁflmiq'mﬁuﬁﬂﬂ%y’q 5 WesiuduazinlUeust 60 svrra@umiuiagn 48 4alue vide
aundnazuieniin wininlWussuazunsTung 0.1 iafimas ek [Uamssinadusenauniaad
daRaatunsiiassiinesdusenaunaniliuamng e lUswsminisdes fansitnisees
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of Variance (ANOVA) aMHUNUNNISNARBY 4 X 4 Latin square design Tnel Proc GLM wasi3uuifiay

mfmLmﬂvhwmvshmﬁmmmjwmmﬁwﬁ% Duncan’ s New Multiple Range Test uazitnuauualtis

N1TABLAUBITBINIIIRNTEFY CGWVO Fa2AB Orthogonal polynomial (Steel and Torrie, 1980)
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NANTSNARDY WALAN50I

4.1. msﬂszLﬁuqmﬁﬁmﬂﬂ%mmﬂmﬂé’zLﬁﬁ%uﬁuqqnwfﬁﬁuﬁ%ﬁ‘f%uﬁq (crude
glycerin from waste vegetable oil, CGWVO)

4.1.1 qmﬂu%wﬂaﬂwmwwmmnﬁ'xﬁuﬁ’dﬁ%’uﬁq

Faatine comvo AtEtunnsmasasrdiEsumueyasnziann aniingnduasamaduns
Angnaaninng Tasenrsarsantsuanivlefiea (asfisiedined)  faunszuinnng
suugatiias suiiasnsnlasenisnszaand” nanisineiAnaNEnIsnIsaIwesy CGWVO 7
Wunranaaes (Table 4.1.1) CGWVO AlTunamaassndiflundsndnunanlssunaalvladieos
(biodiesel) THAALENGIRRFINER 3,000 Anssialfion LL@:TﬁN@Wﬂ@ﬂTﬁﬂﬁLfaﬂ%uﬁuﬂszmm 600 An9
sofen (Fadaululefiwa:nRizadudu = 1:0.2) Tmﬂf':’mqﬁuﬁ?%mmmfﬂﬁuﬁﬁﬁ?%uﬁq (CGWVO)
(amﬁuﬁiﬁﬁmeﬁwmwﬁ’qmuwﬂLmumﬂﬁqﬁumﬁuLmzﬁmfﬂal’u, 2557) #aflugnsusynaudunidd
sz insnfima s (triglyceride) yRannTruaRnsaARAEendn Uiz msmudiadinaifia

%4 (transesterification reaction) (Moser, 2009) nunfie nsruauseaIitunafiifn1suming

U

weanaged (alcohol) Buaamaddasusanagadanafianils Tnaldumiuea (methanol) uas WuE (base)

a/ 1 ° U o P=3 /s A ¥ g L%
A8 NaOH \fiusideuigen vnliAanandneiidueames wisniGandt methyl esters yaatilule

fra (petro-biodiesel) WarnAtaZufv (crude glycerol) (Moser, 2009)

Table 4.1.1 Characterization and physicochemical parameter of crude glycerin from waste vegetable oil (CGWVO)

ltems Content Notes

Information of crude glycerin1

Source Waste vegetable oll, (CGWVO)1 -
Biodiesel process Transesterification -
Reactant Methanol (MeOH) -
Catalyst agent NaCH » -

Physical properties

Visual evaluation Light yellow, transparent -
Color L*= 19.97, a* = 22.33, b* = 2| (lightness)*: O = black to 100 = white; @
28.68 (redness)*: O = green to 100 = red; b
(yellowness)*: O = blue to 100 = yellow
Odor Odorless, mild pleasant aroma -

' CGWVO was obtained from Specialized Research and Development Center for Alternative Energy from Palm Oil and Ol
Crop, Faculty of Engineering, Prince of Songkla University, Hat Yai Campus, Songkhla Province, 90110, Thailand.

% | * values are a measure of lightness (higher value indicates a lighter color); a* values are a measure of redness
(higher value indicates a redder color); b* values are a measure of yellowness (higher value indicates a more yellow

color), by CIE = Complete international commission on illumination (Hunter color flex).

= o o’ { o g L A A b 4 1 v v
neemnsideatuanysol 3ae panmnReiuRvany st ugraamnsunssians sl Fueslnne

nazuamnandin uRzANAR HInsIan” /.. 2558
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ABAARBITU Hansen et al. (2009) N1 UHATmMIMAeaNe3ALATU (transesterification
reaction) ﬁ@ﬂﬁﬁ%mmﬁmﬁ'awgu,ﬂ@ﬂﬂﬂ% (alkoxyl group, RO-) 289l@aMaifLaanesadna
Tuanadnndn wipeeEundt Uffisennsusnasiadinausanesad (alcoholysis reaction) ﬂg‘jﬁ%mﬁ%
Wedunoamasunadif aunsneden EdeUfisenoamesfinds  (esterification reaction) T4
Transa ﬁqgﬂﬁﬁmf%m%ﬂumem%ﬁmﬂ‘smﬁﬁuLﬁﬂT%LﬁuL‘%mwﬁwmLmu (alternative automotive fuel)
WIDWAWNIUNNLABN (alternative energy) %uﬂmmddwﬁ’\mumuﬁﬂu (Lee et al., 2002)

HeRansonananiAinenIenInees CGWVO wudn CGWVO AlTunamaansafoifidnun
npaan (Tse) Tigu fivinmnadian (dark brown) (Figure 4.1.1) TaaflAnd L*, a* uaz b* wAnwinfiu
19.97, 22.33 uay 28.68 ANaAU (Table 4.1.1) ﬂﬂﬁlumm@m Lmzﬁﬂfﬁ'uguﬂmLumummuﬂm\a Y
samnmuanties avansFaTuin fannunilaEnties %@ﬁq@mmﬁﬁmamﬂmw"ﬂm CGWVO H@n L*,
WAz b* @IN9n uAfiAn o F9NI19189UB T wazAny (2556) ne9win nRAlmeaauAuan
Tsaanun@n{ulefliaa (biodiesel) 2u1amey (Hfdantsnandseanad 220,000 Ansradu %qﬁuﬁsf%m

FINUINUUNRNAL) HAR L*, a* WAy b* ANty 32.43, 14.78 way 43.76 AMNANAL

Figure 4.1.1 The color of CGWVO samples is very appcrent1
' CGWVO was obtained from Specialized Research and Development Center for Alternative Energy from Palm Oil and Oil

Crop, Faculty of Engineering, Prince of Songkla University, Hat Yai Campus, Songkhla Province, 90110, Thailand.

[
=R

peelafin quandfinisnienineesndiweiufvduegiunainailads (Hur ofin uas
WARITINN229%73T34 Y38 (25704 N958A3N15wAn (ulafiea (Thompson and He, 2006) U3HNMNNUEA
NABIDA NIA(PIUBETE (FFA) WATNSUHDDNYDIRITANANRT UsenausqeLdin Tusfg o3t 90
NAD LANITYN WaaNDSN uaslUunai@en (Judiu (Donkin and Doane, 2007) lntianizAinniinas
42' 1o v v I a A a = = ] =) a
ﬂu@gﬂummL?JmumwmLmTuﬂm%mumu Taaanizlussinasdnasanruniianin Deung,

2547)

4.1.2 99AUSENAUNINLANYBINALTDIHAL
mm‘jﬂi:Lﬁu@mrﬁhmq‘[ﬂﬁmmﬁwm CGWVO AlETHN1avIAaeY WUINHATRAL D9 ATTNTY

11993 TUAua9n (259990 LA WAINIUSIN (GE) Winfu 13.93%, 7.41%, 0.03%, 47.78% WA

S1e9uNsAsERTUANY5a] (309 “NaraenAlmeRWALa T i Tngrssmnsunssiens tisslenilonclnmu:

NIZUIUNITNEN LL'NZNNGJNTHTGWWH" «.A. 2558
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6,290.83 keallkg ANAIRL (Table 4.1.2) uazfANnAy989519 Na, Ca uat P winfiy 0.47, 0.0053 uay
0.0022% ANANFL euEd Thompson and He (2008) $78wnudn AR ALIBINRIEDAUALTINARAN
Yrufefilduda (Wvo) fifngan 5.55% Tushusan 0.23% lesusan 60.1% ndgases 76.6%, Na
1.40% WATWAIIHIIN 25,176+ 193 kikg W38 6,012.90 kcalkg AIHAAY mﬂ%ﬂu‘,ﬂmﬁﬁﬂmm%’qﬁ
Wi CGAVO flrnBsnalasiugan (47.78%) seiugs uazlinfionsen 63.42% $99196 1190

nauyi (2 wienasnHa SRS (Huedan (Thompson and He, 2006)

Table 4.1.2 Characterization of CGWVO 2

ltems Content Analytical method
Moisture, % 13.93 AOAC® method 984.20
Ash®, % 7.41 AOAC method 942.05
Crude protein (CP), % 0.03 AOAC method 990.03
Ether extract (EE), % 47.78 AOAC method 920.39 (A)
Gross energy, kcal/kg 6,290.83 Adiabatic bomb calorimeter
Sodium (Na), % 0.47 AOAC methods 956.01, 9.15.01
Calcium (Ca), % 0.0053 AOAC method 2.019, 9.15.01
Phosphorus (P), % 0.0022 AOAC method 2.019, 2.095-7.098
Total glycerin, % 63.42 ASTM D 6584-00EQ1, titration assay (AOCS, 2006)
Methanol (CH,0), % 438 GC/MS with head space technique, 973.23 (AOAC, 1995)
Free fatty acid (FFA), % 0.71 GC/MS with head space technique, 973.23 (AOAC, 1995)
pH 9.57 Orion 230A pH meter with 9107 BN probe, (ISO 12185)
MONG” 5.24 ISO 2464, 1S0 2464-1973 (slightly modified)
Specific gravity, g/mi 1.07 ACCS (2006)
Viscosity (cs) at 40°C 11.75 Viscometer (MJ 800S), ASTM D445 (ASTM, 2006)

' CGWVO was obtained from Specialized Research and Development Center for Alternative Energy from Palm Oil and Qil
Crop, Faculty of Engineering, Prince of Songkla University, Hat Yai Campus, Songkhla Province, 90110, Thailand.

2 Analysis by Central Laboratories {(Songkhla, SK), Co., Ltd., Songkhla 90110, Thailand.

® AOAC (1995).

* Notes: Expressed as a percentage of crude glycerin DM.

® MONG: matter organic non-glycerol. Defined as 100 — [glycerol content (%) + water content (%) + ash content (%)].
(Yong et al., 2001)

dounsdiiszneudng vas  CGWVO it tuniameaaasnuds frnefuranfinadusanmindu
63.42% \WNBR 4.38% nNIA(BNUBRIE 0.71% AIANNNTA-A1 9.57, MONG 5.24% A2

f7951W1z 1.07 uazA1msniin 11.75 (Table 4.1.2) FIuanNsFNaINHanI15AnE1289 Thompson and He

[

4 3 =y l:’l 1 s 3 13 1 g s
(2006) 'ﬂ’l"?Lﬁﬂﬂ@"lﬂN’JHU?:’,ﬂ’ﬁUVWQTﬂ’ﬁutﬂﬂﬁﬂﬁL’ﬁ@%uﬂu"ﬂuﬂﬂ unanuilaqy TWLLﬂ WARIYDIUTHU
Y

wan (i nssudsn1andnlulafios wazuBuineasudelundiendn (Thompson and He, 2006; Dasari,

<

2007) FendiraduRuiAnunased Fu1ennnszuanismuaifiBandn transesterification  wWaziiie

= &t as 4 sy " ol A ;A ¥ 13 v v
e mTATERTuaHysal Bae “waenenfizeduiuanmintuief udahigrasmnsunssantstiusslanilivedlnme
nszuMMAamTn uazanaaiulnsian” a.n. 2558
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g

AsnnamaNRANU3gEYDY CBAVO Tumsfinunadatinudn fnmsngANLEgNEIIn gD
2URUTEAUA (low) serAZesiu Schroder and Stidekum (1999); Hippen et al. (2008) finanadn Aa
v3gnienanfiznseasntsauieantd 3 sty fie 1) AewuigvisvesndisaseastAus (ow) Snd
\¥a58| 63.3%, Na 0.11, methanol 26.7% 2) 5¢AULNUAATN (medium) AnAwasaa 85.3%, Na 0.09
WAz methanol 0.04% Uaz 3) seAUGINNnALEEIER 99.8%, Na 0.0 WAt methanol 0.0% ATHAAL
agnalsfinan Arraudininzesunueafinnielunfigedseanuiluilasuddniazionn
Ransonriaufiasiuniliuawnsdad (animal feed) Gordan (2009) 51897197 FNIUAMENTITNANT
D115 Waryn (food and drug administration, FAD) i::‘i_g'i’] ‘i:ﬁuﬁﬂﬂ’amﬁﬂﬂ%mm"ﬂmmi methanol A7
ﬂﬁuﬁw 5-20,000 mag/kg (0.0005-2%) uaed Sodium Sulfate (Salt) zgqqﬂTsiLﬁu 16,000 mg/kg (1.6%)
TundiretupufienituTHidesdnd Acnaiusnaisaunos methanol savndireduinagiuduimnes
methanol AtTHnszUaNAaNER warslneasinqAuititunisnantulefioa (Hansen et al, 2009)
Farh FAD ATdmumunpsguAsin - gegauasBanninnannininsans methanol TunfioesuAudly
Aa S¥AL 150-10,000 mg/kg (0.015-1%) %@Lﬂmzﬁummgmﬁ:ﬁu United States Pharmacopeia (USP)
1298135 (Donkin and Doane, 2007; Feedstuffs, 2007; Gordan, 2009) FapnndmanisAnunatet 7
SERUEVINERTH  CGWVO (4.38%) snnndnifin 1% sariu nasfinenadedl sair cowvo snlidu

o/ a

o o 4 as o o/ A v ) 2/
QWQWU@’TW’IiNWQVI’NLﬁ'ﬂﬂ LW’PJVIWLLVINQWQWUWN\NW%VI%"@LLW@H ‘M%’ﬂﬂi"lﬂ"!LLW\‘iTﬂ 3! ‘LI’“I'ZITWW Uany
=4

v = LI b % s & =y 1 os o 1
$n9 viaasadnn udiu Tusziuan (0-6%) 11388 methanol (CH,0) Wit 0.113% Tnadanyfiguis T

ANANITNUABANITONIN VFDFINNYBINAT

4.2 msAnunsdan (i nssuaunamdn uarangaulasieuluune

4.2.1 dauUsENEUNNARLBIBMNTNARDY

HANNTAIATIADIASENBUNNATYBIgRIaNNTHIESA (total mixed ration, TMR) AiT#THANS
ey filsznaudastnaluwaun aandamdas NEJINALAVYANUAY UAY  COWVO T8usingg (Table
4.2.1) wudndAindsreeinguits (DM) 1iheau (ash) Bundedng (OM) uazTusfiumeny (cP) Tndides
#u TneaTusfuneuestudag 16.49-16.67% wouft Tust (EE) uazmioisad (NDF) aglugas 1.95-
6.06 uAx 40.26-46.08% AnAnTuTaglad (ADF) uazAnilu (ADL) seffutag 18.13-19.36 ua 5.46-
6.63% MIHAIRL BaAnHUANGNIIBY EE UAL NDF uazasdlsznauiug oniflassnann asnsuansing
wnsinghuamsdaifiiiidudousenaulugnsacms uardndamililugns Truawz conwvo 7l
nawmdnatnauntunisvaassndsibifesfstneusadely witusinaluigainlisedulutdu
gnaBmnsfingedumnaE Ay COWVO AiinTulugraninis aoandasiusneauens Lage et dl.

o

(2014) Aisrw9udn avddsenauNIAlasgRIBMITERNAteNALTe S URLARUS IS U auYes

)
a =

Toffusziugoiniliulugesemmaia@uaussiunissiunfeiuAu i ulugnsnimis

¥ =3

9nNNTAATIEiBIAUTEnBUN AT DM IWARANY ANWAINUL e InRuAnyaNuRiidng

q

wis 91.42% wazidladmduasidudlnmzungmdnguis UsenaudaeBunsedng 92.85% Tushin

= ot s § o y LA ! kA ¥ 1 v v
seemnsATeatuanysal Bee “naraendueiniuaniniuieitiuiaigmeamasunsasns tiusslamilHossnmwe

nazuaunandin wazanaaulnsian” a.A. 2558
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9 3.32% Toifusan 0.51% (8 7.15% andlulansaibidhulasesng 9.26% wilaisad 79.76% anlu
\waglaa 51.03% Anflu 8.96% Riraglan 28.75% UALITAQIAR 42.07% Aua Y Fuladifus
faquit uazBundzinguamdmaranmyauwictunsfaunadidlndidestuniafinuaes fum ua
ARIT (2544); Chanjula et dl. (2010, 2014a) flanenudn wefanduanyduuisiiongnissn 45 Su fmg
Uty 89.17-91.53% Buvdedng 91.44-91.62% uazillusfiugon 2.99-3.36% vailnnidmsamisens
nejmALanANwisRuAnsneianetutuiadtsineg ity angasfafidauviaudie arumawineeg
fly dowraefls Avndtumafiuifen nnswedng fladuuandesiifizandyay qan1a uazanIwaInas
fiudiu Sedanadaasdlsznaunisafifunnsinaiu Tnaundfzezigurroinisgelutaeiings
Wiyl uazezanadeeflonguiniu 98, 2543; @ik, 2548) FetwanadndaziiTussi

o/

A 4 1 o Y F=3 ¥ Al 4 c’;
wnfigaiflangusrarindadgdiule udlusfiverBuanaudafiniunannan uatnisanasans

S SR

TusttuRmemnsdndesisduEeng Weanypesfmfintu (adouf, 2548)

Table 4.2.1 Chemical composition of the experimental diets and plicatulum hay

Item Dietary CGWVO (% of dietary DI\/\)1 Plicatulum hay, PH
0 2 4 6
DM’ 95.13 95.77 95.97 94.69 91.42
Ash 5.32 5.57 5.62 5.98 7.15
oM 94.68 94.43 94.38 94.02 92.85
cp 16.65 16.67 16.59 16.51 3.32
EE 1.95 3.61 4.71 6.06 0.51
Nsc® 30.00 29.90 31.82 30.4% 9.26
NDF 46.08 44.25 40.26 41.02 79.76
ADF 19.36 18.13 18.41 18.00 51,03
ADL 6.63 5.50 5.59 5.46 8.96
Hemicellulose® 26.72 26.12 22.85 23.02 28.73
Cellulose’ 12.73 12.6% 12.82 12.54 42.07

! Level of CGWVO in diets = 0%, 2%, 4%, 6% of CGWVO.

2 Dm: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NSC: non-structural carbohydrate; NDF:
neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin.

¥ Estimated: NSC = 100 - (% NDF + % CP + % ether extract + % ash) (Mertens, 1997).

* Estimated: Hemicellulose = NDF-ADF.

® Estimated: Cellulose = ADF~ADL.

4.2.2 Ynmnsfindnquiieliingredass uazsUSnmnisinliivasinmuzainaims

FINNTANYINALEITTAY COWVO TUFATEMNTHANIASARNMU (0, 2, 4 UAZ 6 % ANNATAL)
) T P9 % 5 o/ L 74 3 'Q < : “ g L o’
saUSaansinlivionua (Tnguitv) MenAndulBanousie (ka/d) wazAndulesiduioesimings

=1 o/ 1 =’ s 3’ a’ = 075 ' L}
(% BW) wianiusinfilanfudminununus@n (gkg W) PBIUNEVNNQN  (Table 4.2.2) WUIIH

as 4 A ¥ o . on .
siunsATeatuanysel e “wavssnfsaduiuamindnfeiliuiatugnsansunssiennstius: Tumilivaslnme

NFLUUNITNIN LLﬂZﬂNﬂﬂTﬂTﬂiWH" d4.7. 2558
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uAnFinafl (P<0.05) uarduwalinanatuguuudnldeindesns (Q, P=0.10, 0.01 uaz <0.01
adAy) TnenguA T30 COWVO 53U 0, 2 uae 4% HengendanguilAsy CGWVO sesiu 6% (1.008
flansuinquitesiasiradi) vouedl szninngu 0, 2 uar 4% CGWVO Truansneriu TaaFanmnasiu

] [}

TEviamunddoglugae 1.107-1.167 Alandudnquitsriasdasiadu imusadeaiuuInnmnisinifioes

Y

a af o/

Tnaue @nvdedng Tusiiu wisead warAnburaglag) wudngu i3y COWVO szl 6% DM fdnmn
ndnaEn 10iefl naRATHTL COWVO 52U 0, 2 uaz 4% DM Henliunnsnariu (P>0.05) ABAR&DS
fiL9NENUHYDY Lage et al. (2014) 'ﬁﬁﬂmﬂﬂiT%ﬂﬁL%@%uﬁuﬁUuLﬁﬂquﬁui:ﬁuqq (crude glycerin
contcminoted with high concentrations of crude fat, CGCCF; 36.2% CG Way 46.5% of crude fat) Tuqm
pNTUNEYUTiTEAD 0, 3, 6, 9 UAY 12% wudtansnInt CGCCF TugrsomsunzyulEfiseiu 3% Tag

TifinanswusiaBunninsiuld anssanmmssigduln uazamn nenasILng winsiasy CGCCF

o/ dl 1

sefufigannnndn 3% (6-12%) wudrinansynusieUFinmstindaguiisiiatdass ansmnnmnis
WIYRLLR UATAAINTINTBIUNZAAAY yuasReatunisfnunrdoumindiasees pyatt et al
(2007); Parsons et al. (2009); Ramos and Kerley (2012) fiwudanasiady €6 Tulaguaeu (10%) uaz
Taguana (12-16%) ¥inlissnmnisiuliianas uazlnsanzfesdunfireiudviugasenis

& ' ° ¥ o a v & ' A 0 o aa
HRHESIHINNAG1 20% VinWiUSununsinlinaunanasasnsifadnAgnesds

Table 4.2.2 Effects of O, 2, 4 and 6% dietary CGWVO on feed intake of goats

Item Dietary CGWVO, % SEM’  P-value Diet Contrasts, P-value'

0 2 4 6 L Q C
DMI (kg/d)
Total DMI, kg/d ~ 1.107°  1.167° 1.146° 1.008° 0.02 0.05* NS 0.10 NS
DM, %BW 512° 327 325°  28Q° 005 0.05* 0.05 0.01 NS
DMI, gkg W™ 76.05° 79.79° 75.22° 68.74°  1.21 0.05* 0.04 <0.01 NS
OM!I, kg/d 1.027° 1.082° 1.065° 0936 0.02 0.05* NS 0.10 NS
CPI, kg/d 0.185° 0.192° 0.90° 0.167° 0.003 0.05 NS NS NS
NDF1, kg/d 0.557° 0.588° 0.576° 0505 0.1 0.05 NS NS NS
ADFI, kg/d 0.215%° 0217° 0.208° 0.186° 0.002 0.05* 0.08 NS NS

“* Means within rows followed with different superscript letters are statistically different (P <0.05).
' Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect.

2 SEM = Standard error of the mean (n = 4).

AgenudnNiun1sAinE2e9 Musselman et al. (2008); Terré et al. (2011) WUINMNTIEENNALED
Fuftssiu 0-15% (ifnasaUsuInn1siulatuuny uas Gunn et dl. (2010a); Chanjula et dl. (2014q,
2015) fifnunarasszAundiraiuiuigreamnansa3asineriu (0-20%) wudnszdundiseinauly
granNINENIASa 10-20% BiflnaseUTrnanisiulizesunzuazuns viwesduadunisiineniula
734 Mach et dl. (2009) fig1897mdn nsiaBunAimadu (0-12%) Tula Holstein bulls fiwaan 91 4 uaz
Bartor: et al. (2013) fiTna9mmudn naiadunfimeiu (0-10%) omnslaguszazinan 251 $u Gifluasia

- o A = y LA { LA 1 Vv
srenmumATERiuaNysol @09 warmandisduivaniifeitiud ugrsemsunaenis s Ten{Heeslnms

nazuaunIswn uarangalnsan” a0, 2558
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UBsnounnsiiliimun aussanmnaedyduls uazgmnenuaslagy vussdeatunisfnun
289 Chanjula et al. (2014b) WUAIMSEBNNRIBEIHATTAY 0-21% TrAnasaUsumnsiulinonn
asgan s gdiuln uazaoinwmnaaslagy sraiaenann mamesasimuadeuniindling
\gaFUAY (CG) ARUF0TeTM uay  methanol Andn 1%  uazdn@iweduAuninndt 86% usiln
mafnuaded conwvo AtRURmnRireduAy Tofuaan uasumneawiniy 63.42, 47.78 uaz
4.38% mnay Tnsianwizariulaiiuenn uay methanol figs anaifiniladundniifinasiauiunnms
AulEimunrasnms Seseiulutufingeiuninsediu cowvo AifisguTugnsamng (Table 4.2.1)
wazUBsnedlofufiannnda 5% Tuqmmmﬁﬁy’mm a19fINaAaUSHNINSAIN(F Annansatunig
douli nszuamnamin waznsissfivineasuuailie (bacterial growth) Tunszmzgeu sanados

IUS189%4288 Palmauist and Jenkins (1980); NRC (2001) finanadn TnevinludadiAandastinuse

1
a '

seiulotufige uarUSunonnsiulfansstfusinaluiufinnnnds 5-7% Tugmepnmasianan fal

o/ 2

CGWVO Aifissiulosfugetinavinlfusunninisinlinamun (Tnqui) 1aesdndanss amnwan1snaaes

4
]

5 A’ ° } A v o [] ' =3
asauamelTiifiugn amnsald cowvo tugmsenmsunslafisyau 0-4% TnahifinanszvusioySino

nafulEviansn (Taquite usseAufigendt 4% fnansenusiedBiomsiiulfedBaszassuns

4.2.3 ANATNITALRANSER(H wazUSNImnsANlEaasnTusidas (Hluaws
o/ 1 /s o ot 1} Qs ‘{
HAYBITERU CGAVO TgmsnmnsHamiaSasnariu (0, 2, 4 sz 6 % ANNAFIY) AadulssAns
nsdeslfaaslnmue wazUsuionisdinlfeeslnmusfiges liluamisreeuny (Table 4.2.3) wudn

dszansnnsdenldvaslneus (DM, OM, CP, NDF u@z ADF) fiaanuuansnaii (P<0.05) uasdl

as

D

wisAsgntuguuuuidnlisidama (Q, P= 0.02, 0.02, 0.05, 0.05 WAz 0.03 AL Tengu
TH5u COWVO 95y 2 uaz 4% feagendinguiil#50 COWVO 52y 6% pauedt szndnanguiil#sy
CGWVO 52U 0, 2 uaz 4% Giuansinaf doudilszaninnstesléivas ash uay ADL (iftaq
uANANai (P>0.05) uddnlsrAananiasanliens EE WintuTuguuunids (L P= 0.04) sanadsty
Wang et dl. (2009) fisnennudn dudsrannateslivasTnmzresinquisRsiuilowduniivasea
Tuamngaziu 0-3.3% ulaflisuRremadadidundn doudnussandnsdeslionslnmsiianas
Tungui(#3u COWVO szl 6% anailessnnufndendannas COAVO AfUSHaTIMuge uRzUSsn
Todufinnnnda 5-7%  ugmenmnadanassangsnaniunistnsld nszuauniamsin uaznns
wigRulneeuuaitiBe (bacterial growth) Twnsziwazgusm (Pamaquist and Jenkins, 1980; NRC, 2001)
uananf a19ifieesnn nllreanafinasaqiunadTunstinizgisu 89 Roger et al. (1992) THuanali
Wi maedndule nrsnnzdu uarfenssumstesaaerag lasessuuniidefdesanuisaglas
Tunsziwnzgium (ruminal  cellulolytic — species) 2 ﬁﬁmgﬂé’m—f’qLﬁ'ﬂLﬂ%uﬂﬁLmsfaﬂTummm’%ﬂu%a
LU (0.05; viv) wilifuaiunguiieiunfionsaassdusin (<0.01 viv) uat Paggi et dl. (2004)

wudnfianssnnistauanaisaglaatunszimisguansinnssAunfraspaliiadninamisaes

as e 4 a ¥ oo oo A0y v ] v v
eunATeRTuaHysol Go “nareanfireiuAua e Hud tugrspmnsunesienis T s Temilieas e
nszuadmMsmTn uazannaiilnsian” oA, 2558
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B Fari SedenaliinisdeslFraaiely nsndrnsnerdiia uazdszsnsuuadiGeanas Tasenay

ﬂ@:u Butyrivibrio fibrisolvens Way Ruminococcus albus (Abo El-nor et al., 2010)

Table 4.2.3 Effects of 0, 2, 4 and 6% dietary CGWVO on nutrient digestibility of goats

ltem Dietary CGWVO, % SEM®  P-value Diet Contrasts, P-value'
0 2 4 6 L Q C
Apparent total tract digestibility, %
DM 72.79%  76.75° 7613 6833 1.88 0.05 ,0.17 0.02 0.79
oM 7501 78.83° 78.70° 7103 203 0.05 0.24 0.02 0.72
P 76.09° 7793 7714 7058 159 0.05 0.07 0.05 0.72
EE 69.90 75.41 7622 76.94 196 0.14 0.04 0.29 0.64
Ash 4407 4998 4407 4207 2.29 0.18 NS NS NS
NDF 6475 67.21° 66.34° 5573 2.24 0.05 0.04 0.03 0.61
ADF 46.36° 51.37° 48.05° 3933 2.38 0.05 0.07 0.03 0.82
ADL 2753 2657 26.03 2229 176 0.26 NS NS NS
Digestible nutrient intake, kg/d
DOM 0.768° 0.852° 0.837° 0655 0.02 0.05 0.05 <0.01 0.69
DCP 0.141° 0.150° 0.147° 0.118° 001 0.05 0.04 0.02 0.71
DNDF 0.360° 0.393° 0.382° 0279° 0.8 0.05 0.01 <0.02 0.56
DADF 0.100° 0.411° 0.100° 0074° 0.1 0.05 0.04 0.06 0.84
DEE 0.015° 0.030° 0.043° 0.045° 0.05 0.05* <0.01 0.01 0.32
Estimated energy intake’
ME Mcald 202° 324 318" 249" 045 0.05 0.05 0.01 0.70
ME Mcalkg DM~ 2.64° 278"  277° 248" 038 0.05 0.17 0.01 0.69

o Means within rows followed with different superscript letters are statistically different (P <0.05).

! Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect.
2 SEM = Standard error of the mean (n = 4).

® { kg DOM = 3.8 Mcal ME/kg (Kearl, 1982).

yupsidsatulsnunnsfinFuaslnmisfidesl#luamns (DOM, DCP, DNDF uaz DADF)
wudn Savnuensnsii (P<0.05) uazfiuliuRsduluguuuuduliedidoses (Q, P= <0.01, 0.02,
<0.02, waz 0.05 mwandiu) Taunauill#3u CGAVO 33U 0, 2 uaz 4% Hergondnngufilisu ce 6%
a0usil SEmdnnguauas (0, 2 uaz 4% CGWVO) Tumnsinariu uBanoinnsiilnasTnousdon T

1e9louliemns (DEE) wudn fAnauansineii (P<0.05) uaziiuwnTufinTuliguuunidnm s (L, P=

H
a

<0.01) mwsEsiu COWVO FiisEulugmsamis snadlesan{idulziufaduninasdu cGwvo 7

Wirduligneanmng vnsmssiudinn Wang et dl. (2009) 518991 dnUszAnsnmstagfraslnoue
o/ v ! g 4 =Y s v as s os

raefnguitaRnTulais@nndigasaaluomnessdy 0-3.3% hlaflasuRramisdnddundn uas

Avila et dl. (2013) 519191 Mstiealatumaannaass (VDMD) funaliifintutiguuuidunsade

= s 4 < y s 4 b A ¥ 13 t A v
MM TATERTUANYsl Boe ‘warsnfieatiiusmintuied Hud lugneamaunesianisTius: lenleaslan:
NITUMNTVIN UATANAA (HIRTIAN” /.. 2558
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\ENnRirnseastiy 0-21% DM ilanauminounsiadlugnsamnslaguiiflseiu 50% Fnaundiad
ez 50% Hnaunfadnsinifinannamdn iusadeadutuuslan wudadussaninnsgenliuns
Tnamzaas DM, OM, N uag GE ifindu masziundigeduAufifadulugnsaimis (Donkin et ol., 2009)
anuedt Tlflanmunnsinsiuasdulsr@ndnisdan (Fuastnruzens DM, OM, N uaz NDF Duusilav
(Khalii et l., 1997) uhieisiundiresandandunanludufiunanfsastiufinduyssaninnstonls
v09loii uarlifinaflaiaBuianizndnseantaien (Khalii et al., 1997)

INNANITVARDIATIHUEA TG s5iU COWVO Tugmeanuanasiadsrasune (0, 2 uay
4% andndy) TifinadadnsrandnsdenFvesinquits Suvdedng Tusfaan wlsmad uazdnly
wraglan TeranakestUlENnm eI liiEn wasFunninsiulinaslngie (OMI, CPI, NDFI uaz
ADFI) udidn dnlszaninnsteslianslnmneduninanaaile seiu cowWvo figenannda 4% dugns
2115 AINN1IANIINAIUT 52 Tem T8 (Mcald was Mcalkg ME) wudn #aanununnsinaniu
(P<0.05) warfluuTiusdntuguuuidilieniadeans (@ P= 0.01 uar 0.01 anddu) Tnungud
195 COWVO T#U 2 uay 4% HangendinguillFsy CGWVO 52y 6% 0.t stndnanguaauny
uazngHTlESa (0, 2 uaz 4% CGAVO) Tlumnsinai uazfidneglutiag 2.64-2.77 Mcalkg BelndilAes
Fundsufi s lumilEAruan wazResmasannugainissasuns e unasesgdula (NRC,
1981)

4.2.4 uanAnannnsyuannaminiunszinz s uasSe-ulnseulunsuaien

HATBITEAL CGWVO Tugmaanmananiadaninerii (0, 2, 4 uar 6% ANATWL) ABNsTUINNS
mintunszinizgen uazy@e-ulnsentinssumdon (Table 4.2.4) nawdsuutiasrrmnmdunen-
A 138 pH netunszmnzginmasuneTuusazdaonan 0 uay 4 FlimdsnisWiamng uatdiads
598 Wudaen ruminal pH TiflArsupnanai (P>0.05) tuusiaznguil(Fi3ugraams Tnufidafagos
rmsmriiunam-sing deandineaeil (6.09-6.28) AonARBtUNTVIARDIEEY Abo El-nor et al. (2010)
318917 nMaiadundeeiifinadadiauiunan-sn wandussiufivnsasianiaintnuees
nuqAundfdasaaeidoly (cellulolytic bacteria) (Russell and Wilson, 1996) wagn1agaanaslilafiu
(6.0-7.0) (Hungate, 1969) atinalsfinu AnadnsaniiuuaNinanastugUuuuidunss (L, P= 0.9) uat
FeRansoniBuuifiaudn pH asgasnan 0 uas 4 Falnandanstiemas wudn A1 rumen pH an
pas (6.03-6.17) Tudalaedt 4 ndsniaianmns uilifiannausnsneiu (P>0.05) araiflosnann din
navumniansingagaluialind 4 wdsnnslieinis sanedestt Wang et dl. (2009) isneanudn
Auaieoneasanidiunan -AnsivnuanacdusUuuudnmes (L, P= 005) ilsidunfizasna
nawnnufsinaanatuemnsiussiu 0-3.5% hlawnznstneilisuReemsdnddundn uanali

@ ' 1 ¥ = & ' v P
mu'J’Iﬂ"J’]Nﬂ’lN’"l‘iﬂTuﬂTi%Jﬂilﬂﬂ’m\tﬂﬂ’ﬂ\‘lﬂﬂL‘ﬂ@‘éﬂﬂLiQﬂQ’lLLﬁQ’ﬂ’nﬂ’]ﬂ

o o s « { = r o { p A L4 ] kA v
T mNSATERTuaNysol Gad “narsanfiredufivaminief HudahigmsamsunesionisTiussleniidenslnme
nszuannsmin uazannalulngian” o.a. 2558
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Table 4.2.4 Effects of 0, 2, 4 and 6% dietary CGWVO on rumen fermentation of goats

ltem Dietary CGWVO, % SEM®  P-value Diet Contraosts, P-value'
0 2 4 6 L Q C
Ruminal pH
Oh-postfeeding 639 636 627 616 009 0.34 NS NS NS
4h-postfeedng 617 606 613 603  0.07 0.51 NS NS NS
Mean 628 621 620 609 0.17 0.22 0.09 NS NS
NH5-N, mg/dL
O h-postfeeding 21.04 2036  19.64 2000 057 0.43 NS NS NS
4h-postfeeding 22.86° 21.43° 2143° 2071° 054 0.13 NS NS NS
Mean 21.95° 20.89° 20.53° 20.36° 0.39 0.05 NS NS NS
BUN, mg/dL
O h-postfeeding 2140 2447 2490 2187 135 0.25 NS NS NS
4 h-post feeding 20.87° 27.25° 23.07° 23.80° 095 0.01 NS 002 005
Mean 2118° 25.86° 23.98% 2284° 089 0.05 NS 0.06 NS

o Means within rows followed with different superscript letters are statistically different (P <0.05).
f Treatment and contrast P-values; P-value for L = Linear effect, Q@ = Quadratic effect, C = Cubic effect.

2 SEM = Standard error of the mean (n = 4).

Anmaintiveessziuuen - ulnsan (NHe-N) melunszimnzgem wodnduenlade-
TulnsaunaTunszmnzguniing 0 uar 4 Flnmdiniatiomns wazdiadeson wudnlifiaons
uANSNSfT (P>0.05) v TRungul[#50 CGAVO 6% fn NHg-N sindanguausgnefifadidymis
8 (P<0.05) ¥iuaaduaiunisfinunaes Wang et al. (2009) fisnsemdn Tagunquiilisunfimedui
s 0-3.3% fazduuanTudie-Tulnsisuanas anit Abo El-nor et dl. (2010) 31891197 NFLEENNG
wreulufinaniasn NHs-N sanndastunistnunluladaiinud funelisdndifeeintinguilisuna
VrEufisziy 0%, 4%, 8% Uaz 12% (DM) (Mach et dl., 2009) adnelsfimn Tunnadnenadar] NH,N
Aenaglunasfunaluune Tnefiduafesones NH;-N agtuges 20.36-22.52 (Table 4.2.4) uazein
NHs-N Tunananasassfiasludaefimansas 10-30 mg/dL (Ferguson et dl, 1993) Am3unns
WigyiuTnensgfundd uarnmsdauasnedqfmidlsiin vinwsaReanl Preston ond Leng (1987)
5789797 9¥FAU NHz-N 5-25 mg/dL Lﬁus:ﬁuﬁmm:ﬂum'fz]m‘a‘ﬁ’mumwz‘iuw%tﬁuﬂﬁanzgmu
peuzd Windschitl (1991) 51897U5EAU NHs-N Ammnzansianisdanmeiqfnvidlusinie 11.8-18.3
mg% WAz Mehrez et al. (1977) T189MHaEAU NHs-N ivsnzanadsogszndng 15-20 mg% fapans
Wadinms NHs-N fisnzan Tusgiunaieiiads 1wy 1finuesdnd sfinzesamns Tngmnizunas
adTulaiasn  UsuneuTusinifuls (ewis, 1975) Ansamluninfianszuaunianinesseimis
pruananan metasaas ieasTusin uaranmiioringitunsuinnzgumfivanzas (uen, 2533)
9InnNsAnunYes Erdmon et al. (1986) nanadinsdenlfirasinguitiasamiafingsqa uaz
AHATHNTa NS aae lige (fnduissAunaliniinges NHs-N 170 uaz 250 mg/ snadnsiu

av o 4 a ¥ o o A9y v ' v %
smnsideaiuaysol 39 “wareandmeiufvenindifisitiuia gpsamsunesienistius lon{Fuadlnoue
naruaunann wazanaaulnaan” €.0. 2558
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viuaaReadusansdiniuresydo-ulnaeulunszuai@on (BUN) finan 0 uaz 4 #alug
ndsnnsThamns uazAnAssasnudifanuuansniu (P>0.05) aniiu nguiilisu CGWVO sty
0 uaz 6% frundusndinguauetisfiiediAyneada (P<0.05) uasfunaliufindnluguuuuidv
Tharndemms (@, P= 0.06) atialesfimn fanagtunamitunatuune aoandesiu Loyd (1982)
51897491 sEAUUNRe9 BUN Tuuneagludng 11.2-27.7 mg/dl Bspmadindiuans BUN Unfissii
wlsBnagiunateilads 1y oy 91t Uasnalusiufianti uaclnoawizssiures NH;-N Ty
NTTNTFN AU ANTIRNIBITEAY NHs-N Tunszimazgim Snasienisifinesseiy BUN Tunsuus
\dBn BAARDNNUY Preston et al. (1965) 51847447 A1289 BUN Handusiudgs (highly correlation) iy
UBnosTus Ui uasdniusiussiuntsninuonlufetunsaimazgus (Lewis, 1975; Kung and
Huber, 1983)

4.2.5 syFupasdinduzasdugdn (insulin) nglad (glucose) winlansandatiisn (B-
hydroxybutyrate) uazUSunnsifinlainumidauin (packed cell volume) Tunszusidan

HaBIszAY CGAWVO Tugnsamananiadasineii (0, 2, 4 uay 6% ANansL) darnglag
(glucose), BHBA uazsn POV TunszumBontuusiacdaanan 0 uay 4 dalueandanisThanmis uaz
AnnAgsaNnudn Bl panuuansneiu (P>0.05) (Table 4.2.5) usfignaiaan 4 aluamdennsanmns
rnnglasfuaTiafadunnssiundreiudulignsamianasiad sfifisdu Tneddadusonat)
Tugae 75.37-79.38 mg/dl, 4.60-5.068 mg/dl Uay 30.62-32.37% AINAIFU

arafinsann ndweduinasdediuiididyrasnszumunisdamsnsinglaa (Ln,  1977;
Mourot et al. (1994) ADAARBINUIILITHIAY Johns (1953); Wright, (1969); Rémond et al. (1993; Kijora
et dl. (1998) AinudnnsnwsRlefin (C;) WnwisnisAnuntu in vitro uaz in vivo TnedadiAaadeli
nanlwsRlafin 80-90% iusnsrasintunisdanseiinianglag (Preston and Leng, 1987) pghalaf
au Tunsdnundstnglastunssumdensidnoghunoiunaluune fia 50-75 ma/dL (2.77 to 4.16
mmol/L) (Kaneko, 1980) ¥imuaaiiigaifusn PCV Asreemlag Jain (1993) 5189197 #n PV infizes
unzagTntag 22-38% G PCV vidornBunlneda (hematocrit) iinduiifidn Aot lianas
voUssifuananuofuasdnIswne wasguamdadidasindn dddansRnunfesaienvieli
Trawnnen POV mndadnund dadasfianniseeslanlainens (anemia) Tunnemseiudinamansn PCV
gendnAnd dndaziianniseeslsalnddedife (polycythemia) FadnernnisadadinRoaunsfinnn
RaUn® (Jain, 1993)

WeRensanniafenutasasseAuaugau (insulin) faan 4 Falumdsnistismasnuds

ey

wudnGifiaaauansnetiu (P>0.05) ufidnduwaliifisdnlugduuuidulierindsans (Q, P= 0.07) ax
e COWVO Tugmapmmnsnasiadafiindy snzfilugasinan 0 Flumdenisiainis uarAaie
saunudn Andugdnulunssuadandanuunndisiu (P<0.05) Tnanga(#5u CoWVO 0% Hensind

] § ] s o o’ 4 QI ‘3’ 4 ° L s
ngnduntidudAty (P<0.05) LLﬂ:tflLLWJT‘NNLWN"IMT’HEULLUULﬁuIﬂ\'Jﬂ’]ﬂQNﬂQ (Q, P= 0.04) ad5enU

av o = o ¥ oo {9y 3 ' > ¥
e Adeatusnysol Gae “waraendeediuiuve il Hudatugrsemnsuneaans sy TemilieaTnme
ATTUMNTNTN wATANAR M InTIau” .0, 2558
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=)

coWvo TugmanmanasiasafiRsdu ulifannauansneii (P>0.05) Tunquiilisy cowvo sz

o a 4 b

2, 4 usy 6% leevialUniayuidewesdugAulunssuaienfinvndiusiuaanudiniinee

= A AI é’ ° v o o =
nglastunszumden Evans et dl, 1975) Vdunmnglaatunssualeafifisdwinfseduguganlu

[
=2

A : J 1 \./ =3 = 1o/ s 1
nsTUAABATIIARTY (Jenny and Polan, 1975) a8 (sfinny nranaszesdugdniueyiunaisiiady wu

U

A 2 o o (% A y:’/ [l o/ )
aM1TAHSY B1g FNARTBINANIN nsaladuistmelAiamn e svaziaanTunnagudantne uas

a -4

AR IHENINIANIERT 1Tudiu U1engdl fsneeudnfanduiudiion
and Trenkle, 1971)

o

vAnglastunszusidon (McAtee

Table 4.2.5 Effects of 0, 2, 4 and 6% dietary CGWVO on blood metabolites in goats

Item Dietary CGWVO, % SEM’>  P-value Diet Contrasts, P-value'
0 2 4 6 L Q c
Glucose, mg/dL
0 h-post feeding 69.70 7217 74.57 7477  3.74 0.75 NS NS NS
4 h-post feeding 81.05 75.77 81.12 84.00 4.56 0.65 NS NS NS
Mean 75.37 73.97 77.72 79.38 3.78 0.75 NS NS NS
Insufin, AU/mL
0 h-post feeding 1.87° 499 585 478" 0091 0.05 NS NS NS
4 h-post feeding 3.14 7.28 10.34 7.10 2.1 0.22 0.09 0.07 NS
Mean 251" 614" 810" 594° 125 0.05 005 004 NS
BHBA, mg/dL
0 h-post feeding 4.27 447 4.27 477 0.58 0.91 NS NS NS
4 h-post feeding 4.92 5.65 5.05 4.70 0.32 0.28 NS 0.07 NS
Mean 4.60 5.06 4.66 473 0.42 0.86 NS NS NS
PCV, %
0 h-post feeding 32.50 31.00 31.75 3325 102 0.49 NS NS NS
4 h-post feeding 31.75 31.25 29.50 31.50 0.93 0.38 NS NS NS
Mean 3212 31.13 30.62 32.37 0.58 0.21 NS NS NS

ob Means within rows followed with different superscript letters are statistically different (P <0.05).
! Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect.

? SEM = Standard error of the mean (n = 4).

4.2.6 mdindivvansaluiufistelizananaiunszimnz g

HABDITEAD COWVO Tugmemvnsnasia3asinaii (0, 2, 4 Uaz 6% AMNA1AL) siar1AN
FuineaansaloisemelEiamun (total volatile fatty acids, TVFAS) savszdiuamadininrasnsnas
#Fm (acetic acid, Cy) N9AlwsRaadia (propionic acid, Cs) uarnamdafiSa (butyric acid, Cy) Tusiay

F91987 0 UAY 4 FIIHIVAINIT DT WazARALT9N (Table 4.2.6)

o o s 4 a y -~ H kA 4 ] v v
e mnsidentuaysnl 3ee “waveanfizeiuiusniniisfitiuda uigrsamsunssiensusclamilivaclane
narUUMAaNTN uazaHARMIRsIaN” F.A. 2558
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Table 4.2.6 Effects of 0, 2, 4 and 6% dietary CGWVO on volatile fatty acid profiles in goats

ltem Dietary CGWVO, % SEM®  P-value Diet  Contrasts, P-value'
0 2 4 6 L Q C

Total VFA, mmol/l .
0 h-postfeedng ~ 61.60 6502  63.83 5670 276 0.25 NS NS NS
4 60.29 6697 6850 6129  3.33 0.30 NS 006 NS
Mean 60.67 6600 6618 5892 275 0.24 NS 008 NS

Proportion of individual VFA, %
Acetate (Cy)

0 h-post feeding 62.89 62.57 60.04 54.10 3.30 0.30 0.07 NS NS

4 6330 5836 5397 5318  3.19 0.19 003 NS NS
Mean 63.10° 6157 58.94° 5344 158 0.02 001 NS NS
Propionate (Cj)

O h-postfeeding  22.36°  23.68° 26.30°  32.22° 201 0.05 <001 NS NS

4 21.03 25.19 3160 2750  4.49 0.46 NS NS NS
Mean 21.69° 2443 2000° 20.86° 149 0.02 <0.01 NS NS
Butyrate (C,)

0 h-post feeding ~ 11.98 11.30 10.58 1071 215 0.96 NS NS NS

4 ’ 13.46 14.19 11.84 1658  1.95 0.44 NS NS NS
Mean 12,72 12.74 11.21 13.64 151 0.73 NS NS NS
Other VFA®

0 h-post feeding 275 2.44 3.05 298  0.29 0.50 NS NS NS

4 2.20 2.47 2.48 273 045 0.87 NS NS NS
Mean

Acetate:propionate ratio

O h-postfeeding ~ 2.86°  2.66° 237" 171 027 0.09 <001 NS NS
4 3.06 2.53 1.90 218 037 0.24 009 NS NS
Mean 206° 260" 214 195 013 0.05 <001 NS NS

® Means within rows followed with different superscript letters are statistically different (P <0.05).
' Treatment and contrast P-values; P-value for L = Linear effect, G = Quadratic effect, C = Cubic effect.
2 SEM = Standard error of the mean (n = 4).

4 . :
Sum of isobutyrate, isovalerate, valerate and caproate.

annnanAaBIHLT Anedeasdsiuresmnstiifissmelifonuafioan 0, 4l
p¥eantiamas warAadeslifasAnsAneil (P<0.05) uriunalianfadutuguunuilis
fadeaes (Q, P= 0.06 uay 0.08 awady) finan 4 Falumdsannlienns wazAnndysan Tnanguil
15U COWVO 92t 6% SuusTinanas anaifiassnsan Usnnumsiull uaznisdenlfunsams

nANATFSY COWVO flseiu 6% sndanguaug viueadisafiusnasinaes Mach et al. (2009) #l

= o’ LY 4 -3 r LA ! ' v 1 kA v
e TATeRtuEHysol (389 “naeaniERiuanni i lugraammaunedents s e lFuelnnue

nezuadnanTn uazasaa dlngian” /.a. 2558
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sreewin TVFAs sasTamagnguilasundizeduay 8% Sunaliin (@, P= 0.09) Andinguiwg (©, 4
WAz 12% CG) Wasunann tBunmmsfinlfrasamnstuniegendingssug
deResnnuBauiisudndaanaalufuusacianudaanaan 0 uas 4 Falumdanast
8T UATARALIIN WUdNTADLERATiaan O uax 4 Faluamdsnialiomns nandefi3a uaznan
Tasfuine (isobutyrate, isovalerate uag valerate) TifiAanuansinariu (P>0.05) Tuustazngui(Fisugns
213 uirnaRgTINTRInIRBLdRanLd Saauuansaeiu (P<0.05) Taanguitlisu CGWVO sz
6% fendndnguilizu COWVO 0 uaz 2% wrhifiaansusnsineiiy (P>0.05) swdnengwil CGWVO
9L 2, 4 wax 4% uazdunaTinanactugUuuuidunse (L, P= 0.01) anstdy COAVO Aisduiile
Wausuiunguauay (0% CGWVO) YiuauReaturinsnlnsAnafianudn flagn 4 Faluamdenns
Wianmnslddnanunnsinerii (P>0.05) TuLLsiazﬂziuﬁTﬁ%’uqmﬂﬂmﬁ usinaniwafiania fiagn 0
Faluamdemstiems wazrnadssaunudndasuunnsineiu (P<0.05) Tasnguil 33U COWVO 6% &
AngendnnguAl#3u CGWVO sz 0 uaz 2% wilifiaansumnsineii (P>0.05) sEndnenguittizy
CGWVO 5l 4 uas 6% wazfluuaTiufisduluguuuuidiungs (L, P= <0.01) mmsedy COWVO 7
WirdudawFsudeudunguaues (0% CGWVO)
HaResonnBauifeudidadouanudndiueasnsn laufissmslf (acetate:  propionate,
C,:Cs ratio) WudTam 4 Falimasnastiemns flansusnsineiu (P>0.05) huustazndui (#ugns
8117 wAtlaan 0 Faliandemstinmns uazAnausaunudifiaauansneiy (P<0.05) Tnungufl
TH5u COWVO 926y 0% Sengondingaitlisy CoWvo ey 6% uslaiflauuansineii (P>0.05)
semdnenguillisunfioedudu 0, 2 uar 4% wazflwnlinanastuguuunidiunse (L, P= <0.01) anx
e coWvo PiitnBuflanBeuifiausunguatunn (0% cowvo) Tnsnamlusiufiszme e
nanezdRa naninafieaiia nandefiin nanluduiug wasdndaeasninsnasdfasionanlnsfionia
Tunianasesifdainsrndne 58.92-66.18 AaAluasedns 53.44-63.10, 21.69-29.86, 11.21-
13.64, 2.20-2.73% 1BNTAUATEETITmMNA WaE 1.95-2.96 ANANRY FBAARBITUIIINLR
Medle et dl. (2013) AnEwaraenaiENnATeTumAy (0, 6 way 12% DM) Tuun wudanan et
sxwie lEieun waresdlsenausesnsnletidissmes T aauwansneii (P>0.05) anviu Cs wazen
Fadaunnnulindueaansaleiufiszinegld (CiCy) Auansneiu Tny ¢ SuualisAndnuluguuuy
viumas (L, P= 0.05) anusi Anaanuey CCy Huwnalinanasluguiuuidunss (L, P= 0.04) musedu
nAwsupuifndudowsaufeuiunguacney (0% C6) YimueaenfiunsAnenees Defrann et d.
(2004); Trabue et dl. (2007) e nguuailadausdlisunisiiunfiznseaiidnanuiniues
N190 C; N9 URSANTRAINIDY Co:Cs @mw‘;”mdﬂﬂ@juﬁmLﬂ%ﬂﬁmfmm WA Linke et dl. (2004)
Wud nsiaundimesea 1 kg Wuslualaelinieuan (oral drench) uasn9nsziwizginm (via rumen)
vaaieautiiuTadayn 200 wde 300g/hd/d Wang et al., 2009) FinTidnnrmdadnasnsn C; godu

awssuifeudunguiiliedn FaniswdnnsaleiufiszmgEiommn frouduinslnansety

- ar A -3 " -~ 4 kA b 4 1 v
s unITeatuasysel 301 warnandiweiiueimintufien Huda Tugrssmnsunssianstislemlliveslnoue

nazuaunein uazaNaalnsiaw” oA, 2558
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mmmmiﬂTumia‘@ﬂTﬁwmﬁw%é’mq Tﬁmﬁfmqﬂmq34mmﬁﬂTumsﬂﬂﬂfﬁwmﬁuw‘%ﬁmqLﬁuﬁu
axfinavinlinnsnannse foddfissma EANT (Sutton, 1985)

atalafinn avudinivsasnsalaiufissmgBimun uasdndoueaensaluiudfiseme s
Tuagiumaneiiads 1wy dndauresandlulmnen uarlusiu nsgadueesnenlodufssme Rnum
NITUNITFINN FRIINTTANIN (ruminal  passage  rate) BaNEBIMAs [USenszinnzezlusndy
(abomasum) (Lpez et dl., 2003) ¥nnd s SelufuaudndudnganunInsasunad (organic acid)
vanuntunsrimnrgnBeiuadiurineesnnslulamen uasUBinofidndiu (Heldt et ol 1999)
AAEUaIMITEN WBTB MR (Sarwar et al., 1992) UaY Sutton et al. (1993) 91891497 USunauutls
ﬁeiammﬂﬁdwLﬁu"ﬁyﬂummiﬁuﬁw@ﬁﬂﬁi:ﬁuﬁmuL*ﬁuﬁwnmﬂiﬂfmﬁfafaﬁﬂsfuﬂsqu:;smuqq‘%u
anueil srAUAIENINBInsARLARAanas wBNenil Van Soest (1994) ndn9dn ndau CpiCy Ann
A B RN TNFIUWASII INS1ZRN9WER C5 Wisz@nBnmmaandasgendt uaztunnongus
ANINAANIINAALRFMTIEH 91nn1sSRndansuaulaaanlsd (CO,) Faelalnsiawn (H) AAnan

NITUIUNITRUATIEANTANNADY (Ho+CO, = CH,) (Preston and Leng, 1987) WARIMSUNN9RIUAIIZYINGA

[ v
a <2

TwsRendner HAuRaumsuAndn  Aeiu gafinsdansiedingn wsResdaniniasiiufaiuisy
Wntutiay Tunnenseiudng dafinisdaasnsdinsnas@fia uarnsadafisaninndafias Ul asmiey
P 4 ! & o o " I Y 1 o

finTunn Fudunagoyidansdessunmilaienuiiasinanuiauiifiadusinnszuaunisnin (wen,

2533; Preston and Leng, 1987; Van Soest, 1994)

4.2.7 @"ﬁmuﬂszmﬂsmmqﬁuw‘%é‘fuﬂszLw"nzgmu‘[mﬁ%msﬁ’umse

9anMaNAaRE wudidmalarmnsresuuaids uardasnunstnizgimnneuny wudihl
fianuuansnefiuptn e sy eadi (P>0.05) uaslAnafussning 1.90-2.20 x10° uay 1.65-
2.19 x10° cell/ ml anugd (Toble 4.2.7) usflunaTiiuanasuguuuuidunsannusii COWVO Aiftudw
uiidn T ArnuUANANaTH (P>0.05) WRTNANMTVARBIASITS NS NaasuUATle uaz@psniien
In&Aeetiussemiaumintues Chanjula et al. (2007a, b) #5197 UssmnnsreeuuafiBe wanide

<.

J k4 J (-4 4 4 3 1
snuvunsgnnanfufiasinawed (Auiflos-uaslnaydeu 50 wafidud) AdnefvegTuda 1.40-

]
= 1

1.90 x10™ uaz 1.15-2.89 x10° celll ml MM WAL wazAnLE (2557) Aisnaemd Smuautsznnnsg
rosuuafide uaslnslunssmizgumrasunsAFFunfioeiufu (CG) def (0, 5, 10 uaz 20
wasidud awdadu) Tifiansuansinaty (P>0.05) uariidnfesendng 1.89-2.23 x10° uag 1.60-
2.22 x10° cell ml MINANTL BersaAFaiy Bryant and Robinson (1961); Hungate (1966) 9189191
Uszmnsreanuafide uazidesntunsuinazgien fdnogtugas 10°-10% waz 10°-10° cell ml
pANRL  wamsBifiudn ammnsfidssdundireiuiudugneaimns luflwasenszuauniamin uas
frfnenTunsswnzgueadun: winaussanweasdndfanns uldrfualiulszmnsunafize
uazidnaanasdungaiilFify COWVO Txiu 6% CGAVO Taienaiiasan seunfeiuulugns
amafigaanndt 5% anafasunaunguiarrnsqauydlunasinizgem (Farias et ., 2012) wag

o o o «

4 a ¥ o {0y 3 ' o v
R munsideatuanysol Bae “wazssnfioeduAva iR tiuda tugraansuneannnsTivus: Tom{lHvesnme
nTzUAMNIIIN wasaNg A lnsian” o.n. 2558
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Roger et dl. (1992) WU4NssAUnAwa3uay (0.05 viv) ssndudefianssuasonlmderni@es (ugd
activity; Neocallimastix frontalis) LmzufuﬂﬁL‘%ﬂﬁﬁﬂﬁﬂmm%Tﬂ (cellutolytic activity) \i% Ruminococcus
flavefaciens wae Fibrobacter succinogenes ﬂmzﬁ Tﬁﬁwaﬂ‘izwm’i@mﬂﬁmﬁﬂm ANSNTTER LAY
cellulolytic activity 2489 Ruminococcus flavefaciens WRY Fibrobacter succinogenes LLﬁ@:ﬁUﬁﬁLﬁﬂixﬁUﬂﬁ

wpsaafiardsdunnnndt 5% ugasamns

Table 4.2.7 Effects of O, 2, 4 and 6% dietary CGWVO on rumen microbes in goats

ltem Dietary CGWVO, % SEM®  P-value Diet Contrasts, P-value'

0 2 4 6 L Q C

Total direct count

Bacteria (x101°cell/ml)

0 h-post feeding 1.80 2.00 1.82 1.75 0.13 0.58 NS NS NS

4 2.59 2.13 2.09 2.05 0.17 0.18 NS NS NS
Mean 2.20 2.05 1.95 1.90 0.12 0.26 NS NS NS
Fungal zoospores (x106 cell/ mi)

0 h-post feeding 2.03 1.87 1.42 1.51 0.18 0.15 NS NS NS

4 2.34 2.08 1.83 1.80 0.21 0.34 NS NS NS
Mean 2.19 1.97 1.88 1.65 0.26 0.59 NS NS NS
Total Protozo<1(><106 celi/ml)

0 h-post feeding 1.63 1.63 1.50 1.38 0.28 0.90 NS NS NS

4 2.13 2.25 1.83 1.60 0.40 0.58 NS NS NS
Mean 1.88 1.94 1.67 1.50 0.23 0.54 NS NS NS

o Means within rows followed with different superscript letters are statistically different (P <0.05).
* P < 0.001.
! Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect.

z SEM = Standard error of the mean (n = 4).

t
A a

WaRangonUszsns lus IndavionunTu Table 4.2.7 wudnuazanns lusladaianum N aeu

unnsniueteiladidgmeada (P>0.05) Tnafldagtugae 1.50-1.94x10° cell/ mi Bemanndssiu

]
r=3

) s ! ) |} 4 A'
Hungate (1966) 5189747 YszennslusTadalunszimnzgumitrnngTugae 10°-10° cell ml uaztiu

'
= 1

WAZABLE (2557) Tisneanudn daunlsznsrasuafide uasfesnlunstnazgumuounsAlEsunA
\B95UAY (CG) A9 (0, 5, 10 uax 20 Wasidud muady) [flAsuuanseiiu (P>0.05) uasd
AnaReagTutag 1.31-2.01x10° celt ml szda usiiAndindIg1891m89 Chanjula et al. (2007a, b)
389791 dszginaresszrnslusladaateresunsgnuanfufioseamed (@ufias-uselng
wilen 50 Wasidus) Binnfusglutag 2.87-5.65 x10° uas 2.41-3.57 x10° cell/ ml mnaddy soud
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Table 4.2.8 Effects of 0, 2, 4 and 6% dietary CGWVO on N balance of goats

Item Dietary CGWVO, % SEM®  P-value Diet Contrasts, P-value'
0 2 4 6 L Q C
N balance, g/d
Total N intake 29.72° 30.86° 30.47° 26.86° 0.60 0.05 NS NS NS
N excretion, g/d
Fecal N 715 680 694 797 043 0.31 NS NS NS
Urinary N 700  7.61 547 680 158 0.80 Ns NS NS
Total N excretion 1416 14.41 1241 1477 191 0.82 NS NS NS
Absorbed N 2257°  24068° 2353 18.89° 0.85 0.05 0.05 0.02 NS
Retained N 1556  16.45 18.06 12.09 2.12 0.32 NS NS NS
N output (% of N intake)
Absorbed 76.00%° 77.93° 7724 7057 162 0.05 0.07 0.05 NS
Retained 52.25 5249 59.04 44.80 6.57 0.54 NS NS NS

°® Means within rows followed with different superscript letters are statistically different (P<0.05).
* P < 0.001.

! Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect.

2 SEM = Standard error of the mean (n = 4).
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Feed intake and serum metabolite of goats fed crude glycerin from waste
vegetable oil

Chanjula, P s PongprayoonI & S. kongpanl

'Department of Animal Science, Faculty of Natural Resources, Prince of Songkla University,
90110, Thailand

Abstract: This study aimed to evaluate the effects of crude glycerin from waste vegetable oil
(CGWVO) supplementation on feed intake, blood metabolites, and hormone concentrations
of goats. Four-Thai Native x Anglo Nubian crossbred growing male goats with an average
body weight of 31.5+1.9 kg were randomly assigned according to a 4x4 Latin square design
with four consecutive 21-d periods. Treatment diets contained 0, 2, 4, and 6% of dietary DM
of CGWVO. Goats were fed unlimited amounts (ad libitum) as a total mixed ration (TMR).
Based on this experiment, there was no significant dlfference (p>O 05) among treatment
groups regarding da11y DMI (total DMI, % BW, and g/kg BW®7), except DMI of goat fed
6% of CGWVO in the diets which was the lowest (p<0.05) as compared with other
treatments. The blood glucose, BHBA and packed cell volume (PCV) were similar among
treatments (p>0.05), whereas plasma insulin was significantly (p<0.05) higher as higher
levels of CGWVO were incorporated into diets. The data suggest that CGWVO (63.42% of
glycerol, 4.38% methanol, and 47.78% of crude fat) may be used in diets of goats with
concentrations up to 4% without negative effects on feed intake and blood.

Keywords: By-product, crude glycerin, waste vegetable oil, serum metabolite, goat.

Introduction

Recent increases in biofuel production have led to increasing prices of traditional
feedstuffs that make livestock producers search for alternative feeds to lower production costs
without sacrificing animal performance. Recent efforts have evaluated the effects of the
inclusion of crude glycerin (above 86% of glycerol and <0.64% of methanol) in diets on
intake, digestibility, performance, carcass, and meat quality traits of sheep with reporting of
acceptable inclusion of 21% and 15% respectively on diet dry matter (Gunn et al., 2010;
Avila-Stagno et al., 2013). However, a limit number of studies have evaluated the effects of
crude glycerin form waste vegetable oil (CGWVO) contaminated with high crude fat and
methanol contents in diets fed to goats. This study hypothesized that CGWVO containing
63.42% of glycerol, 47.78% of crude fat, and 4.38% of methanol in dry matter (DM) basis
may be used as an energy source in diet of goats at concentrations up to 6% on DM basis
without compromising feed intake and serum metabolite. Thus, the objectives of this study
were to evaluate the effects of CGWVO (containing 63.42% of glycerol, 47.78% of crude fat,
and 4.38% of methanol in DM basis) on feed intake, blood metabolites, and hormone
concentrations in goats.

Materials and Methods

Four male crossbred (Thai Native x Anglo Nubian) goats, about 18 months old and
31.5+1.9 kg body weight, were randomly assigned according to a 4x4 Latin square design to
investigate the effects of CGWVO on feed intake and blood metabolites. The 4 corn-based
dietary treatments consisted of 0, 2, 4, and 6% of CGWVO (DM basis) were formulated to be
isonitrogenous and isocaloric to meet or exceed the requirements of growing goats. The
CGWVO used in this study originated from waste vegetable oils of palm, soybean, rice bran
and sunflower. CGWVO was produced by methylic route contained 63.42% of glycerin,
13.93% of water, 0.47% of sodium, 47.78% of crude fat, and 4.38% of methanol obtained
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from Specialized Research and Development Center for Alternative Energy from Palm Oil
and Oil Crop, Faculty of Engineering, Prince of Songkla University, Thailand. CGWVO from
single batch was added to the total mixed ration (TMR) as liquid.

All goats were kept individually in pens (0.50x1.20m) under well-ventilated sheds
where water and mineral salt were available at all time. The experiment was conducted for 4
periods, and each period lasted for 21 days. During the first 14 d of each period, all animals
were fed by respective diets for ad libitum intake, whereas during the last 7 d, the animals
were moved to metabolism crates for total collection during the time goats with restriction to
90% of the previous voluntary feed intake to ensure total feed intake. Feeds were provided
twice times in two equal portions daily at 0800 and 1600 h. For determination of daily DMI,
refusals were collected and weighed daily before feeding. Feed samples obtained each time
were oven dried at 60°C for 72 h and grounded to pass through a 1-mm sieve, and
composited by period on an equal weight basis, and analyzed for DM, ether extract, ash, CP
content (AOAC, 1995). Goats were individually weighed before the moming feeding at the
beginning and end of each experimental period. At the end of each period, blood samples
(about 10 mL) were collected from a jugular vein into tubes containing 12 mg of EDTA.
Plasma was separated by centrifugation at 2500xg for 15 min at 5 °C and stored at —20 °C
until analysis. Plasma glucose, insulin, BHBA, and packed cell volume (PCV) were measured
by using commercial kits (No. 640, Sigma Chemical Co., St. Louis, USA). All data were
subjected to the analysis of variance using Proc. GLM and treatment means were compared
using Duncan’s New Multiple Range Test.
Results and Discussion

The results showed that (Table 1) overall mean feed intakes (total DMI, %BW, and
g/kgW0.75) were similar for all treatments (p>0.05), except DMI of goat fed 6% of CGWVO
in the diets which was the lowest (p<0.05) as compared with other treatments. The results of
this study were in agreement with a study by Lage et al. (2014) reported DM intakes
particularly decreased when fed diets containing different contents of crude glycerin
contaminated with high concentrations of crude fat and methanol (up to 12% of DM) to
finishing lambs. In the present study, CGWVO had 63.42% of glycerin, 47.78% of crude fat,
and 4.38% of methanol. The greater concentration of lipid in diets of animals fed diets with
the higher concentration of CGWVO was likely to be the main factor that contributed for a
reduction of dry matter intake. Ruminant animals are relatively intolerant to high
concentrations of fat and feed intake usually decrease as fat content of the diets exceeds 6%
DM basis (Palmquist and Jenkins, 1980). Thus, the association of CGWVO with higher
content of crude fat in diets decreased the DMI by the animals.

Table 1. Effects of 0, 2, 4, and 6% dietary CGWVO on feed intake of goats

Item Dietary CGWVO, % SEM
0 2 4 6

Total DMI, kg/d 1.107° 1.167° 1.146 1.008° 0.02

DMI, %BW 3.12° 327 3.25° 2.80° 0.05

DM, g/kg W7 76.05° 79.79 75.22° 68.74° 1.21

BW change, kg/d 0.135 0.130 0.142 0.105 0.02

BW change, % 8.27 7.80 8.63 5.95 1.61

*®Means within rows followed with different superscript letters are statistically different (p<0.05).
SEM = Standard error of the mean (n = 4).

No significance (p>0.05) of CGWVO inclusion was detected for blood glucose,
BHBA, and PCV (Table 2), and all were within the normal range of 50-75 mg/dL and 22-38
mg/dl, respectively (Jain, 1993). The plasma insulin was lower for the diet 0% of CGWVO
than for the diets 4% of CGWVO, while the difference between the diets 2%, 4% and 6% of
GC were not significant. Our results showed that goats fed diets containing glycerin (4%) had
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higher DMI and BW change, a finding that was associated to a tendency for higher insulin
levels. However, it remains unclear whether this was due to the dietary treatment. However,
insulin concentrations were not correlated with glucose concentrations. Circulating insulin
concentrations usually corresponds to change in circulating glucose concentrations (Jenny
and Polan, 1975). However, insulin secretion is a result of many factors, and some case has
been shown to have a low correlation with blood glucose concentrations (McAtee and
Trenkle, 1971). Although insulin secretion responds to circulating glucose concentrations, a
lag between increased concentrations of glucose and insulin is often reported (Lake et al.,
2006), whereas Gunn et al. (2010) reported that insulin concentrations also increased linearly
relative to time of sampling around feeding (P<0.001). Based on the experimental data,
substituting corn grains with CGWVO (63.42% of glycerin, 47.78% of crude fat, and 4.38%
of methanol.) up to 4% of DM in the diets of goats had no effect on feed intake and blood
metabolites. It could be effectively used as an alternative energy source to substitute for
cereals in the diets. Thus, in the case of a competitive price, CGWVO may be effectively
used as a partial energy source in the diets of goats.

Table 2. Effects of 0, 2, 4, and 6% dietary CGWVO on blood metabolites in goats

Item Dietary CGWVO, % SEM
0 2 4 6

Glucose, mg/dL 75.37 73.97 717.72 79.38 3.78

Insulin, pU/mL 2.51° 6.14® 8.10° 5.94% 1.25

BHBA, mg/dL 4.60 5.06 4.66 4.73 0.42

PCV, % 32.12 31.13 30.62 32.37 0.58

**Means within rows followed with different superscript letters are statistically different (p<0.05).
SEM = Standard error of the mean (n = 4).
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Abstract

This experiment was an evaluation for the effects of increasing concentrations of
crude glycerin from waste vegetable oil (CGWVO) in diets on feed intake, digestibility,
ruminal fermentation characteristics, and nitrogen balance of goats. Four male crossbred
(Thai NativexAnglo Nubian) goats, with an average initial weight of 31.5+1.90 kg, were
randomly assigned according to a 4x4 Latin square design with‘ four of 21 days consecutive
periods. Treatments diets contained 0, 2, 4, and 6% of dietary DM of CGWVO. Based on this
experiment, there were significant differences (P>0.05) among treatment groups regarding
DM intake and digestion coefficients of nutrients (DM, OM, CP, EE, NDF, and ADF) which
goats receiving 6% of CGWVO had lower daily DMI and nutrient intake than those fed on 0,
2, and 4% of CGWVO. Ruminal pH, NH;-N, and BUN concentration were unchanged by
dietary treatments, except for 6% of CGWVO, NH3-N, and BUN were lower (P<0.05) than
for the diets 0% of CGWYVO while the difference between the diets 0, 2, and 4% of CGWVO
were not significant. The amounts of N absorption and retention were similar among
treatments, except for 6% of CGWVO which N absorption was lower (P<0.05) than among
treatments while the difference between the diets 0, 2, and 4% of CGWVO were not
significant. Based on this study, CGWVO levels up to 4% in total mixed ration could be
efficiently utilized for goats. This study was a good approach in exploiting the use of

biodiesel production for goat production.
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