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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, rumen 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 NHx—-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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1) dneveamaluladlnanissdoadn uasimmnadn

2) UsulqelassaEneingmmnsnnainens e s

3) sruuaiuayHLATEasmAe lnan1sdnnisnunaeduwuliinensns uasniandnaEnly
ASEDY

Faii iWenngivinmuansnsatunnandnresdndidsad o foudd w.a. 2550-2554 (Table
2.1) wudn dazmnslada Taun une uazuny Rsdudousi® wa 2550-2554 aniu nezdafidazans

RIZBN

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 4.94 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
2011 5.89 5.56 1.62 0.42 0.051

An: AN ATEgian1aneEng (2556)
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3 Wasidnd SeanaiumanzemnsdufidsyiugBedndunanag useiugeiisalonliinfiu dou

UG

fnszansnisdes aalnauwe wudn dndseandnisdes(feesinguitc Bundedng Tushinsan wils
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\ae LLmﬁﬂTuLm@ﬁ@mmLszﬁg@ 4 ngu Giwansnaiulumneada (P>0.05) TneflAegugag 74.07-
74.98, 77.23-78.00, 71.69-73.25, 60.54-62.52 Uz 53.59-56.78 \Wlasifud mnaisiu

Chanjula et dl. (2007b) Ansinansgudunaundnlnaunluainisindanis sz lami
vaslamie waziliorinentunssimnzgumasungnuaniiuiias -uasinamden 50 wesidud e
Wlssunduulesanatadnd (ad ibitum) Santuavinadui dudumaudaalnaun 0, 25, 50,
75 uay 100 wudsanantafulivasdnquit Buvdedng misead uazAnhuraglasunsunsiia 5
g Bifasuansnsiulunieadia (P>0.05) usunedildisuamstinitiiudumaunuiiaalng 100
wasidud ffnnunisiulineslUsfuaanainemnsiiuuazBanansinlFoadlusfusaionmn s
et SIamstnuAtsudunauwminalng 0, 25 waz 50 WaSidud auaiy doudnlszans
natipslFvasinme wuddussandnnaton Frasinquis Auvdedng Tlafugan wazlnonzeni
danlFrasunziia 5 ngu lusnsneinlumeadn

wiymun uazAn (2553) Anmnarassziudeudndinang ianmnsiu dansliaslmiva
Tz Aurmnanlunszannzgsu aussanwnsesgiivle LazANEDETIN DN - FlD s e
i wud unsilFsunmnatuitihdetudduaignawndinaTnaun 75 Waesidud Susaomdmauan

NANUHIARNIE 19.96 NSHARQUAIFARlANSHHIENINLYIUEANFAAIADIY LAYLBNIUBIAITNIANAT

U 9

!
a a9y

Al 58.54 n¥nTmguitdaflanduiminmunusansadasedu genduned Fsuemsinilfdetu

o v %

anfiusngmaunsdnalnaun 0, 25, 50 uaz 100 wWesidud (14.57, 14.41, 13.50 uaz 14.95 n3ndnguiis
saflansuriminauusfndasasiefi auaiu uaz 52.14, 52.45, 50.00 ua 52.96 N3NARQUIY
soAlansuiminmuueansesasieadi aauany) atneitedFyneadn (P<0.05) dauandsyans
matloalvaslnruzuazudunodnmnefdon (i woduneAlisuamisiuiltide uddusgnaun
fnalwanm 25, 50, 75 war 100 wasidud fdulszaninisdeslfrasinguity uazdundedng T
uansineiilumnsadia (P>0.05) uadnlszantnnssas Fuaswiumad uaranbunaglasiumnlinanas
Lﬁ'mzﬁu@'@Tuziﬁﬁum@ﬁﬁf%mLmu%ﬂwmm?uqmmmil,ﬁu"ﬁ?u gnaniaiseyfivlneesuns7ilHsy
amnstiuiifidaludsnangnaunniinalnaun 25, 50, 75 uaz 100 wefidud (44.00, 32.23, 55.11
LAz 40.89 N3NsDT Ana1dL) Srnlaunndeiluniesdin (P>0.05) AuuneiilisuamnsiuilHide
Tuandnagnaunsdnalnaun 0 Wesidud (4422 nsusedw) dmsuulesidudenn arupiamin
Nudintidiaflodumen wasidudndnude wedidudlaiuen wefiduidedefoniu uazdndan
nénaiflasansranaeauneia 5 ngu Tiunnsmlunies@s (P>0.05) uanani unsilFsuanniain
Alidetudduagnawmdialnaun 25, 50, 75 uar100 wWasidud fdndansnainaiunnsaeiy
uneA [F5uamnsiuitihdeluddnagnawmdinalnaun 0 wasidud
snwansAnEnIsaEN il agUdn uneiidnaniaeigiulningdu Gedena
Trunzflidasidudonnifingedn Wasainamisiuduemafismandesuazgaalidn Sumnzas

Asun1a RN lBInT9An fidasnisune Sunmininfisnmisn
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v v

2.2 UNUMBIRARYEIRBNNSHDERA BB NS IHAR S AT D

2.2.1 LNLmum‘if"ﬁmaﬁﬂs?ru?uﬂ‘szl,qugmu

Tusfuluamnasdinusznausiag 2 @ Aa 1) 1U5FWWT (rue protein) ¥ insulin, globulin,
albumin uaz keratins \dugin uaz 2) ulnsianannlusfiulaud (non protein nitrogen, NPN) Rviafiuii
a198wad 1Wu nanued ludasy nanfianddn wlne (amide) 1w (amine) wazgBe uaziiuasaiu-
yiad i wonlilonana 5l uazuonluflondaineg udin (yodon, 2527; wen, 2533) Befldnan
N9LDYFRILLANFNYN WLIIFIF non—-protein nitrogen (NPN) ﬁé’mwmﬁﬂmm‘?qﬁqm

Fennstesuazn1smmsnluadieesansUseneuulnseueesdmndiAeaany (Figure 2.1) Tl

peptide  NaAuafRlu wazwenluily desinsiuariinisaansdansnuel ludaunilslnanszuannis

1%

deamination Taeandendulziarng@unadFifluwenluile uaz d-keto acd (Yeydew, 2527; won,
2533) uiaqawnad wiadadndiasaninlutusylamidanssiiiiugfunddlussiu wsen (2533) nann
1 80% 1o lulpsianrasgAuadgndaaseilnenmstiuenludly dondn 20% WWnsauefilulnenss
9% Ol-keto acid sagnaaediasia [Uiie i lunnsassasdaznoudng vioiduumamdsa i

acetic, propionic, butyric, iso-butyric ag iso-valeric i

R NH
' Protain 3 Carbohydrate CHy + HoO
Large Peptides Qligosaccharides
Disaccharidas H co
. Monosaccharidges 2+ 2
Small Paplides
Amino Acids
e 5 ] e maE
L4 Aa e 2 NS P F 7 CeliMembrane o g ¢
Y ;
Amino AcitE NH il
ADP ) CP R 3 _ Menosaccharldes NAD NADH o
NAD
ADP
N
ATE A ADP % ) <ﬁl
ADHp TR APHe
w NH Micrebial ADP Volatile
3 Proteln Fatty Acids

Figure 2.1 Utilization of protein and carbohydrates by rumen bacteria

'ﬁm: Nocek and Russell (1988)

2.2.2 \NUVIUDRTNYBS ﬂ”l%T‘]JTﬁLﬂ‘iﬁTuﬂ‘iz PN FEH

|
N oA

Tudndipeades aslulsnsndoning@eeglugivasinaudnanslad azgndenlnaqaunadi

U 9

v
' o

agTunszmnzgnliduimaluanaifien uwu nglaa wismulaa lnanuadisneg arndunglag
= o 1 & 1% re @) a . . =
vasmnlngazgnminiunszmizgeuagnsansa uargnaaasedlUidunsalngda (pyruvic acid) wie
Twguan (pyruvate) ailingianansfidndgyunisdonsnsinanladissme (i Uszinos 60 wWesidud
gpspnslulamsefides [Fiamnaergniasadudunsaladiuszamalf (volatile fatty acids, VFAs) Sawfin
NANARgAYINY (end-products) Miandisy (Fur namazBRn (acetic acid, C,) naadafi3a (outyric acid, Cy)

nemlnsReaia (propionic acid, Cs) HIWMAN (Figure 2.2) WAZNSAMIRN3A (valeric acid, Cs) Taleanaiana
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(isovaleric acid) uazlalafiafizn (isobutyric acid) anawutinsudulEumdien SedndazgaBunnunris
nszmnzgusie sy lamisial arnnsRineanudn Wimaergnildsuulasagnesanide sp9amn

Apully wazwandifiulaseadwesnioaadis Wn waglas wazisnluraglaa szgnisfswuasi

=h.

(2l
q
A PECTINS HEMICELLULOSE
STARCH CELII.QLOSE A i
i 5 v
Maltose H ;ylose(? other pentases)
i -
Geliobipse Galacturonic v
acid Xylulose P
Glucose’ lucose
Xylulose P Ribose P
Glucose -1-P \l,f

3
P ]
Glucose-6-P Fructose P Erythrose P
Fructose-6-P

Fructose P Triose P

Fructose-1-6-P ) /
Dnhydrolx yacetoneé Glycerakdehyde -3-P

(2H)

1.3 di-P-glycerate

PYRUVATE {2H)

Oxalo-
acetate

{4H) \L
Propicnyl Coa _Succinate

COz2+ Hy

COz | PROPIONATE'

Acetyl CoA \Succinyl CoA
v
CoA ‘w Methyl-malonyt

Malonyl CoA
; CoA
Acetyl CoA .
Aceto-
Coi
acetyl Cc:\ [— .
e S e
B-hydroxy-bulyry)
ACETATE CoA Lacty! CoA
H2O HO
Crotonys CoA Acrylyl CoA
Formate i
/ \ {2H) {2H)
CO. H 4
2\/ ® Butyryl CoA Propionyl CoA
CHgy Acetate Acelate

BUTYRATE

Acetyl CoA
PROPIONATE

Acetyl CoA”

Figure 2.2 Outline of the pathways of carbohydrate in the rumen

ﬁm: Preston and Leng (1987)

wananigafufamduaulnaaniss (CO,) wiwwWman (CH,) warANdauiilszunns 20%

(ME) dquwz‘i’amuﬁm‘ﬁmfﬁ(fugﬂ ATP @ﬁﬂﬂ‘izu%uﬂ’]‘i‘iﬂﬁﬂ?ﬂﬂ‘izLWWZELNMQﬂT%LﬁI@fT@Qﬂ‘iZNQﬁ‘lﬂﬁ/ﬂ 2

Ugen13

a

1) Willwunsanassutunisadasadqduad

o

2) T NN AINANINBNI9A159FN  Nocek and Russell (1988) nanadn @afiantmnis

= |

a

9

FupseAlUshinensqAunaefddmie was dal emslaundedesilnsuendsamuunqduEd

P~

agnaileane uasludndaiiunzaniuasesyintinsdanseilusiuiiussansnngegn
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2.2.3 ﬁmﬁ%wm"fuﬂizmﬂzgmu

(%

A TR A e TR TLAZNHINTT AT INIRNIZE TaaRAnaN1T0 unng ey e

1 I
o

anamnadiale (dietary fier) FedndalUlnsanzdndllifaadesilauisalivsclomily Tnaande

|
N o

maistaniurasqauraiTionduat tunazmnzgisn Seliuduunfide (bacteria) TusTnd (protozoa)
Wae @D (fung) TnevilUuganszuaunist¥emnaeesdndifadees fasenfeilasefiddyrans
atng TnaiannzasnsismaineuensAuvadlunsuinn g anadidnyseniandnenlad ey
natesateanTenTasnnngas reduaslulamesnidulaseadng (structurtal carbohydrate,
s wazadlulgasndiliinlnseatng (non-structural carbohydrate, NSC) (g1, 2533) ek
wamﬁmqmﬁwﬁ'ﬁnﬁmLm:ﬁﬂ‘s:‘[ﬂmm&ffsﬁmfi Aansn luduszma (Fdne (volatile fattyacid, VFA) Zansm
Tostusze fnemanianiuumsmasdisfydmsudadineadsdiazin ¥ unissisdin uas
nstinandnifle wazunsiall (Rass, 2541)

uanaIni gaWEsunammnzgunssunn s Temianunaslusiusineg Tnsmmnzasng

Seannnsaliulnsiandi W lElusfinud (non—protein nitrogen, NPN) Tneiq@unadiazvinemlfifdnanan

melunszmnzgmudaanuiiunsn—ang (rumen pH) msnzan Ap oglugag 6.5-7.0 uaziigomnnieg

U

TN 39-40 avAngaBaa Yinlvisuuaiide Tusledauazi@asn amunsoinanuanldagneganisn
LAZANIZANADNITLBYDIT (WE1, 2533; Czerkawski, 1986)

FINNTTINLNRUBY Satter and Slyter (1974) WU ‘l«l@ﬂ@"lﬂﬂ'ﬁl’mLﬁi&ﬂﬁﬂ—ﬁ’]ﬂ?ﬂﬂ’ixLW’]ﬁgLN%

1
=

fumnzanuda sysunenluds-TulaseulunssmygmufifaanudAnsenisiinewiueesgdwEd
Aag %ﬁxﬁuﬁmmmmﬁumq 4-5 mg% @7U Boniface et al. (1986); Song and Kennelly (1990);
Wanapat and Pimpa (1999) wudnﬁxﬁmmﬂuLﬁﬂ—TuTmL@uﬁmmzmmﬁﬂgﬁwﬁw 15-20 mg% e

AalARNTzUINNITt s AATs LL@zﬂ'ﬁ:mum‘aéf\ﬁLmﬁ:ﬁfyz‘ﬁuw‘%ﬂmﬁuﬁmmzmﬁw LATUANIINT

|
1 YV a o/ N oA a

£49718 viLﬂmmm@mszijwﬁwmﬂﬂmﬁuﬁﬂG”mj AUNAEANL INNTTINEFENANNINNNYaY

I _a D22 (%

wila uqAuEImanilflauaniRandny AedfeciineduannBoandeuuaziinsaonanan

q q

gaving (end products) #inlasdanilsdonutunszinnzgmmwind wazdasivBannlisnndn 1 &m

4

IEA&/N3HYB9 rumen contents qAWETIWUTWNszINNzgmutadn 3 ngn Tiud wuedide Tusleda

= a aa

g o 9 1 & 1 o °
UAZEe9T InguueiiBedenanlsssnglasannd 10 —10  adsedadans 1sladadeanuaulssanng

5 6 g 1 a aa ¥ i 3 4 & 1 a aa
Yazanns 10 -10° WHaRsoladams was@esieanuwautszennsuszanms 10 -10  Hassioladans

[ |
1A ¥ ga

(Hungate, 1966) qawAdmaiidunumididgnaiminfdssaaieamisfidn il uas
Fapsehiunandafissydmsudanii U unsadamansas
2.2.4 MsRuATIERqAuEdlushu
qawnadllatulunssmnzgumdanmsiannsawenils uasdnddiliannniades aane
Tusthwdananitegtuguaasy adlafmamudiuenTuflsfivgudaungnnety nazmnzgumaiuumngs

TulpseunanTuniadamanyiflyssiumgunis (Aharoni et al., 1991) Al-Rabbat et al. (1971) 97871491 61

FENmNIATERTUANYI0! Bae “narBendreiuivemindii Huda tugasemsunssenistis:lenilbueclnme

NILUIUNITNEN meuq@fﬂmwu” «.A. 2558



15

¢ @ g a = = =1 ¢ @ g a s
LﬂmLﬂ?jummq@umfﬂmmwW’mLmuTuLuﬂ way 39 esiFudniennaauenile waziilme
pei19(3finH Maeng et al. (1976) 51891497 FAEaUAmEIzaNsendnauen iy uaznsawandlulu
msfaasedqaunEdlusivAe 75 wesduduenludo-Tulnsian uaz 25 Waddudnsausnilu-
Tulnsian wenannil wasew ATP fidndlasu Selfannnnsdesaananslulmasniunsznizgumiidin
= 1% 4! dld o o/ 1 o/ ¢ a = = a = = dl 1 dl
@ﬂﬂ@@wmmmmmmymﬂmamm‘mm@g@umﬂﬂimu Ggﬂu%‘i?ﬁﬂiﬁul,w@gﬂﬂﬂﬂﬂﬂ’m%ﬂ‘izL‘W’lz
939 uazan[Aan axfinasiensflsznouansnsauand uiils WeseinqdwEdiaauauisatunisté
wissiulpsianiiunnsneii ersndaasziidue@unddlstinluead anes (2541) 5189797

o

2 2 @ ' @ & |
Vaanaululmsianlugfunadwingu 36-49 wedidudlsfin e 85 wesiduduasionunazatuglans

a ! =

RG] TﬂﬁﬁuTuﬁqQ@uw%ﬁLﬂuTﬂﬁﬁuﬁﬁ@mquq Taaluslpdafinisdesl@ndiuuafide uddnan

1
A a

biological value (BV) 2avlusfiuaasluslada uazuuaiiduazunndnenu usidafauduen net protein

utilization (NPU) wudnlusladaslrngeninuuniiise

2.3 paNlRzaInAlTeTuhy wazmsiEnAaduiuiiuamnsand
2.3.1 nALYasu (glycerin %13a glycerin)
nAEan (glycerine ¥3a glycerin) WandiBundn nawasea (glycerol) Mefe A139NInNNG
AlarBnuaanaged (polyhydric acohol) Aifnflanannd 3 vy fgnanfifiu CiHs05 3D CiHs(OH); fide
naaiidn 1,2,3 - nsmulnsesa (1,2,3 — propantriol) Lm:ﬁqmﬂmmé‘w WEASAS Figure 2.3
H H H
HeC—C—C-H
5 0 0
P L

Figure 2.3 The chemical formula for glycerin

ﬁm: Ma and Hanna (1999)

oA

Taquuiifl#nfize3ulugaannnssunnnnda 1,500 gaamnssy Usznaufaanisnan
synthetic polymers, cosmetics, personal care production, food, plastic and alkyd resins Wag
pharmaceuticals Wi (American soybean Association International Marketing, 2007)

adferaunfimeiugnnanansanass [ (by-product) 289nMINARAIINHNTLRY (vegetdble
oil) i3 [sudnd (animal fats) LLﬂzﬂ@Qﬁummﬂﬂ’I’m’ﬁm biodiesel TagiNgzUINNT transesterification
FeUlazNBURY 3 NITUINMINAT AR

1. wugniasdinnanlasis Tng acid-catalyzed esterification

2. Base-catalyzed transesterification #98 methanal

3. Direct acid-catalyzed esterification 98 methanal
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NITUINNITNN megﬁf«vﬁ@?’]ﬁfy AB base-catylyzed transesterification Faifiunazuaunisfines
sirunt¥innsnanluladiea (biodiesel) (Van Gerpen, 2005)
Uszanos 10% apsminisiulinasnulafragniuaeullifiunfigeiu viotsznim 0.3

Alansudaniandanulafiaa 3.78 @99 (Thompson and He, 2006) nAra3udi (Fa1nn1suan (ulafias

©

donlnnjUsznaudiaaanssingg AnnAnsainnisnamin g liudans sl fewhirusqnbnewie %
WHNZENEINSUAAFIINTTHNTTHRAAANT A9W MdennsEnALneuii ddesnisiniuiqns
c:l a % a ! cild c:l a a a ¥ ¥ a

Wadin SefimsiinisfinunseUluganimsfinnisndnlulefins wazluemanduialinnisndnnn

¥
=

F%)

2.3.2 AMANITAVBINAL LD

naweduianuodurssmanlanin id Gifnaw Gififiy fsavanudniies azae @il
W1 WHPa WNPa (BlrNedeeswanuea DaHea WWuea S9NTsTiveainanea Tnswile
a9a Wil uazasUsznauiiduannelslsaan lnefiasmes wiawesmes uaslnoan azais
lalnsenfuen unanegesiisildenn uassiavnaranssnanialalew aniinisneninesndsedus
ﬁ/’mﬁﬂfumq@ (92.06) 9ANRBHINAT (18.17°C) AINNTLA 7 20°C (1499 mPa.s) (Dawng), 2547)

ainnaiman 66.7% Taesimiin azanehuin 33.3% %Tﬁﬂﬁi@t@ﬁﬂﬁﬁf«g@Lﬁ@mvﬁaﬁﬁﬁmn
fa -46.5 °C nAlweAulqiAangets 290 °C ARMEAMILTIEINTA (1013 kPa) uAZilqAIABAAARIATY
AN AR

nAadnannsainUfisen iindauduueanasediag U Taeiivglansandasiuuanasd
asdaslatuniafmifizansnnndmglansensanssnanneliisnasfiiunane viewa ndireiu
aEsanAnEEanlEas 275 °C TneGifinerlasan Tmnenduiuluaniasiifivnsndntios wudnd
Aol 160 °C azifinezlpsdn Mty UAsenresnfiwedudsmaintugniasfiiunans wiaifhuus
uazfignmnfifiasnfieiuszgaanuduatnmana wanenil ndweindsgnaendlndlidng Tned
@m@mm%muﬁmu@ﬂ%gﬂ@@ﬂﬁﬁmﬁﬂwaj'm’j‘mﬂ% uazarnanAsUsuATInaNaziiniumgaig

yata

2.3.3 mMsnmsHAnlulafirs wasnAnad

Tulefliwa (biodiesel 1138 methyl esters) Mnefa uaaAalaAIWwB3289NTA (2 (alkyl ester of
fatty acid) tHNWANIUNAUNNEITHNEIRNARINHATHAY (plant  oils) ¥3aFRS (animal  fats) Bl
a15Useneudunidussianinanfiee (56 (triglyceride) HaunsAIUNTzUIUNITNILATTALZENIN

ore . o aaa o/ I3 = a = ' @) o ]

transesterification  InevinUfjA3eniuueaneged (Wniues vaseniuea) Hnsn wapAadudalss
Ugisenlmiululefia wazndeiu wiandwesaaiu (cude glycerine, crude glycerin w3 crude
glycerol) (¥1P3H WATADUY, 2545; Van Gerpen, 2005)

o

Uszinvaasuladisa uisaanlEidu 3 Ussinn fesl
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1. iy vidednduanlududndfesatiaien Tulofaaszanide dhfufoudi
s dn ddsEaayn dndunzndig dnindafas dhiudanies dduande dndundn
Az viensen asiudng i iy fieintisgns ina linanvdeifinaianiiaug vie
WasasnnantRoosifusmn saian iueEessudfa Fiay

2. luledirauuugnuan iuntanansendneiniuiy vdediieinlusudadduiiiuin wis
ssufiaiia ifinoianAtndiAssduifiaentlnadensnniiga e Talafiea (coco-diesel
unananssrinaindunendiaiunniuinn sasUndusis (pam-diesel) WWn1InaNTEndNamT9
Undufimndfis

5. lulafirauunieamad Aanisiniidienndls wiedndluingisenduueanased vin il
asaamed uazdenlulafisai Faurieesusanesediminfisen dulwanes Bon “wiia
lasnes” (methyl esters) uazdniueniuea Bun “wAaeamnes” (ethyl esters) wananndi 9lEna
\wadu (glycerine) vi3andiwasna (glycerol) iunanansld (Figure 2.4) SoirluliTugrannngsnen

= ) v ¢ a [ % o O @ v
PATTMNTTHLATEINIBW BINTEAT URCANANTUTNTIAITHACDIA bI9EI

S ——.
_ Vegetal oil or animal fat Transesterification
Hig-0-COR, e | Hcow QO
HCI -~0-COR, + 3ROH —MM H(;‘OH + R,COOR
+
H2C~O~COR3 H,C~OH R3;COOR

R;, Ry, Ry = long-chain hydrocarbons

R =-CH3 (methanol) or -CH,CHj; (ethanol) Glycerol —

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

‘ﬁm: Leoneti et al. (2012)

naindnetesanErasgaamngsnniananlulaafinininnds 10 Tanuan il
BN 0sBINFITaAUALNINGY (Figure 2.5) Tuansgowdnn manaalulafoaifinduann 1.89 &1uans
Tt ALat. 1990 i 2.65 WE WA WARTIUT A7 2008 knABINIINMNTIRNNNTALETEH YEE AN
NIAINTINTZHWN9NE (National Biodiesel Board, 2010) Tmefilsesnunazanumnusganes uanass
Figure 2.8 @9lF5umnuienifiinunamassiumiaden (dtemative energy) mﬁ‘fu?uﬂ@@gﬁu Ty
A.A. 2007 NAEAUUA VBT lanaanHAn Hlazanas 90.9 WudwAlansuraspanandizedu uas
ARNABINENINAR [RUTzN10) 181.8 AuAlansy wWisuifleududiunaunisiludssmayszanns 159
FuAlansu (American soybean Association International Marketing, 2007) ﬂﬁ’il,ﬁu%uﬂm ﬂﬁmﬁ@%uﬁuﬁ
Tuszlomilidanaliananas iusumaignanbilésunadnls Tadunu waznmisiingoedn
dnufinluliviadensu Wi 81983 (animal feed)

mﬂﬁﬂﬁlfﬁ@%uﬁﬁﬂmgﬂ wazdinalwasisnaune nazduliinandndiunntdaanants uazm

ABUsmiunA e e H T aIa1N9yeaan (alternative feed resource) NN
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Figure 2.5 Biodiesel production from 2000-2006 in the United States (National Biodiesel Board)

‘ﬁm: National Biodiesel Board (2010)

2.3.4 nsNanlulamaa uaznaasulvdssaivg

|
=\ a

Tulszmalne nangsfandseu (2556) 1e91udn Hudsnfiaansdowduinanulesiaa

a4 A

Usznniiananadeesnsa s (methyl esters of fatty acid) ¥3aT100 Uszrnos 13 U3 7LHSY
pugaUNTTsmng vaed Eiasminelulefigasiindonan sansous 50,000-1,400,000 &ma/
54 SANBNRINITNARINA 5,205,800 An5/3% 9139 1,900,117,000 95/ (A1nn13Amand) Ineuasm
AffdsnanAngegafe viEninuiryn 1in Sdidena@n 1,400,000 Ane/du T9RINILFEY
WANLAGNE 911iR AANAINAR 800,000 ARa/TU uaznawAnsgaRa une. unsantlnaden &
frdawAR 50,000 Ans/u s e AndunanassFrenfineduin dadunanass Enanaoinis
waslulafiaa TngUseniinis Bnanannd a3 ufuwingy 570,035,100 Alansy (31NN15AIHI0
aananlulefioa 3.78 Ang FndwaduAu 0.3 Alansy, Thompson and He, 2006)

fa N9 nA R uAuITmEue M sF SR SN A e i nuanane unns
WA YMINTTTIALARNENNTNER ngzuenatnaziunslEUss leesiannnanass [ERmaeann
magasmnasntdniaiude Saffunsiayadasmwanaeslifindalannisgaamnsaainds
WS ngag

2.3.5 a9AUsEnaunIsAN2aInALwe31 (chemical composition of glycerin)

ndsaduluguagniaziaanam (sweet) Enautins (odorless) 289iMaa AR (colorless lipid)
Fafarmmilen (viscous) mmm@]mmwﬁummﬁmmﬂ (hygroscopic) UWAzHYALAIBAZY uuﬁyuﬁm
19ANLAgNS uazniaih Enfedulutiustlomd amnsaudenfimeduiiu 3 1nam

1. Technical grade Tail#ifiua1mnavde pharmaceutical us b luniaiadt

2. United States Pharmacopeia (USP) MN1@ 150918719115 wassin (Uvinnamsioasien

3. Kosher NALa3HanUAssnTfieans08n (U &mMEun19nAR Kosher food products WA

T@ﬂﬁf}fﬁﬁmmu‘%qw‘émmﬂdﬂ 99% (American Soybean Association International Marketing, 2007)
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MnAweduAusridnyoreed iusiueu Asusea9 light amber [Uauila dark brown 1iaeenn

AN HUSgVBYenRIEeIuAL nAeINRLAEHANUSNDUSTNI0 60-85% BafaRa1TEN] ANANS

I'd
K

agfnailsznaudasinde 11 wWnsiuea (methanol) Tasi uazin (i Asadndiuassannlivdgns
fanuiuagailnsannanaiseufiselihiazndnenianin methanol recovery rate uardngamnnis
AnFnseee e a1nnMAnEIPes Gott (2009) 9189 HABE NNAIE3HALAINNIIWAR biodiesel §
pndindnnadin 4.79% uazeglugas 1.28-8.98% vimuaaifiaariu Thompson and He (2006) 518973
31 adindureaidneg g 0.65-5.5% 5 Na $99 1.00-1.40% (330 1.1-60.1 % Anslulsmamdas
26.9-83.5% wazllafugag 0.05-0.44% TudiaptenfimadnuAuiiliennlassusineg Genanaiiuls
mamﬁﬂi:ﬂﬂumqmﬁﬂmﬂﬁmﬂ’%uﬁuﬁﬁﬂﬂmaLﬁ@f";’mqﬁuﬁ?%wﬁmmmﬂﬁﬂﬁuﬁmmmLﬁﬂ
WRsUTeniusi uga (waste vegetable oil)

Kerr et al. (2007) 5189741/3194389 methanol 189 2 FAE9NALEDT0AI1N TN IINARINETIL
Tuslanunquanan uazAamiand A 2006 HU3N1m methanol 0.03 uay 0.32% ATNATHLU AN
9789134289 Gordan (2009) AMHNITHAMLNTINNITAINIT taze (food and drug administration, FAD)
92491 syAufilannsit U3101ma9a13 methanol Aa5agluting 5-20,000 mgkg (0.0005-2%) uazsl
Sodium Sulfate (Salt) gegmlaiifiu 16,000 mg/kg (1.6%) tundadnfufiesin ¥ aeedns aanwm
u52091/30104 methanol 2e9nALEEAUIUDETUFMINIRY methanol AITFUNAZLANNNTWER uazeila
vosingAuTitETunsnanulofioa (Hansen et al., 2009) fsifs FAD AalfrmunnnnggIHAIin-gogn
209UBHIMNTANANNIBIETS methanol THNAITeAWALA RS 5281 150-10,000 mgrkg (0.015-1%) @
fiuseiunnmsgIasdiu United States Pharmacopeia (USP) #9awiy anisl amiussgienssily
Amunliifisziu methanol THigaga 5,000 makg (0.5%) Tundiredufu Sufiuseiufilasniedmsy
Ananandad (Sellers, 2008) danlntlszmeuAUIAIUENIMEDS methanol Tunfimedusansufiszey
1,000 markg (0.1%) 104zt Tungailszmemavglstlaassufissdu 5,000 mgkg waz 1% 289WN3 ¥ie
10,000 mg/kg TwSgwndauasansgnindna (Gordan, 2009)

wvmeailiuansandneanufizentunszuaumanan (lasisa (transesterification) Hprmiaiie
sadeilreslodndGisusymeadinhl sxgriewlsiuaana aada (#1as3iua (dcoholdehydrogenase) Tusi
Wassmueaidunsemesan (formic acid) wazWesTas(Es (formaldehyde) Z9nsanasaniiing il
amgiivinidumeiRnmzdaniiunanesinsgiuse (severe metabolic acidosis) uazazyinlidRdmuan
ilasanmlszannagnyinans (Kinoshita et al, 1998) wazéiwinanusvLLLszamaIuNaIN (central
nervous system) Vintielaen (vomiting) auaa (blindness) wazidulsm Parkinsonian-like motor disease
Tudmd (Kerr et al., 2007)

pniuLlaiasflssnounnaafiaesndireiuAufitinssnougnsainialuniananUednd

o

@ L Ao Ko ra o o4 ° o ] ' 4 a a
WIURSIIInIs ‘\ZQ‘HENTNNV’IQWN%'G‘IL@% HACENHUBHANITINA %ﬂﬁflqﬂ\lLL@ﬂW’NT‘wﬂﬂﬂﬂ‘iZﬂ@U‘W’NLﬂN’ﬂWWN
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NAFREANTTONMNTeS Y RUlRreednd uavsriuAsEindues methanol szsulpfianarialianine
vaavnsunanesedn F uaiidesfinafinen uaide sely

2.3.6 nstinfiaaiululeang

nawesuRuiiunansTneinass Hearnnszuanmsndnuledioa sz Enaundngau
amnsdaTssnnlindasnsili (Cerrate et dl., 2006) #arAngnninunasimgAuTinassnaiedheg ndie
Suduresmamilafidinaadin uasfinoamaulssann 60% 189%m1a (~60% the sweetness
of sucrose, National Biodiesel Board, 2010) AnAuIDIN U M%ﬂt,m@ﬂﬂmﬁﬁﬁﬂﬂuﬂg deavinndime

= 1

%uu‘%qw%{mmmwﬁqmmw (gross energy) WUINSANWinL 4,100 fAlaurasd/Alansy (Brambila and
Hill, 1966) nAeAuALAR ALY AIBeAHLA VS 85-95 Wedidust (National Biodiesel Board,
2010) AAMAN TNV 3,625 Alaunsea/Alansu (Dozier et dl., 2008) uasiliAeLifsuiuisTl
Hnlwawudnfidn 36 weosdufuasdmdssmi s lendFuamnganninddiaalne (N\RC, 1994) dai
nAERWRLS T semalnae sz s liunedan (Dozier et al., 2008) WevinnAiweauAusn
Araidamusznoufiiuugsng waznsaludunudn ndgeduiuiidaussnauiidulasiu (ipid) ag
Usznnos 25-35 wedidud namlasufinude Undndsn aifesn Towndn waraluadn ﬁLL‘iﬁ"lQ‘ﬁIWUﬁﬂ
waalden lnunaBey wunili@en Toflen Woaness wasfinzdu WU@@J’Tuﬂ%mm 4-163 ppm
(Thompson and He, 2006)

nAmeAuanan tiiuemsunasamadndnadentiuanannsanniaiaesdnd el
wAsranasFadrefiusransnmluemnsuns (Musseman et al., 2008) Taiile (Schroder and
Stdekum, 1999) 8111194N3 (Mourot et al., 1994; Lammers et al., 2007) uazaIITanItn (Cerrate et
al., 2006; Dozier et dl., 2008) lugu usnannil vszlomloasndimeiufuainisatasudnunase
ANEVENURHBYATBIHE (texture) 2B981MNTARS Tmﬁfmﬁfﬁmémm%yummﬂmmLﬁﬂ‘muﬁu ATUAN
Au uazanaynafiazien ndweduditaeanduinundsiiisatunisitemisdadais
%ﬁfﬂwmLﬂwé’ﬂsﬁummiqﬂmﬁ@Lﬂ%uﬂﬁvﬁ@%uﬁu 15% 2898791119104 (mash) (Groesbeck et al., 2008)

F98ATETI9189791 N1SLEEHNAEeERIHaRTa YN TUTENNel 9% WnszduAmunzTunn9inanng
U

UG
4

amLiia (pellet durability indices, PDI)
2.3.7 wunuaidnzasnfizesulunssiniz
ﬂ@qﬂ’mﬁ’qﬁiﬁmm%’mL@uﬁmﬁ’ummﬁﬁuﬁﬁ:mﬁﬁ (volatile fatty acids, VFAs) #n15aaiasnesd
atnalsunazimnzgin Senelisuavsnadandiredugninuua lavingn9saniSa Garton et dl. (1961)
1897991 ndresaagnin uazAeuluuiu VRAs T in vitro wiansnsangeeaeuFifesedmilaes
nRiraAnamuaivin Ssgninunuelavliidn c; fafnesfusznaundniididnyons VFA AnanTs
aEAREBITUTIEN8Y Johns (1953) WU C; lANEWRIN1TANEATH in vitro UAY in vivo TuNTzINILg

WH2BIUNZIHBANISERNNARTRR  WENIINH N1TUNNAEDIDAATLLAYINADIINNITLINIZTINY
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1o RPN g = a £ o/ .
(rumen contents) 294 lAnudvin Ay C, URE Cy %ﬂmuw@w@mj@wwwﬂﬂ (main end products) 28

NILUIUNTNUWILAATNNAITDTaa (Wright, 1969)

' |
A o A A

PULANNITEBUT] NA1997 YFnauaadnduees C; uay ¢, N19ANTY UANITHAR C, ARRY
Lﬁlmﬂ?juﬂﬁlfﬁﬂ%u (Czerkawski and Breckenride, 1972; Rémond et al., 1993; Kijora et al., 1998) LazN15
Tamsfifiniaiadundioadufiufissdu 0, 2 wda 4% DM  basis) Twamislaguillasuniaians
NTLWITWLIT ATHLEINGWDY C,y, C, WAT Valerate ﬁLLmTﬁmmmTugﬂLL‘UULfﬁumd (Linear, P< 0.06)
PNTEAUNRraIUiANTY i C; [HfiAeuasilassndninarnsgnanmis  (Parsons  and
Drouillard, 2010) a®AR&BU518911389 Trdbue et al. (2007) WU HANARYIES C, ANAS VU Cy
Tiasuuasidenanndimesaaiuons mm?uma‘:m:gmumﬂLLﬁTﬂuuﬁfﬁ%ummiﬁm:ﬂ@uﬁfm
50% B934 AT 50% TB9BANTRENL YuBIREITUNaNARYEINTA s TsTme [Fana (totdl
volatile fatty acid, TVFA) Tftnnswdsunasflefnssdundimeduluamisiueesladla (Mach et al.,
2009; Parsons and Drouilland, 2010)

20usd lactic acid uay succinic acid iiunandadilFannniswunus aindiesoarufaariv
(Stewart and Bryant, 1988) vinwaaifieniu Jarvis et al. (1997) fisneswin dnaauaes formate Uay
ethanol AilEanmsmsTnnAsedulpauuafide Kiebsiela planticola faanudisnduwinfiu e mae
IINNTLWIZZLHW (rumen content) 289 red deer gn sy lamd m‘iwm“?mﬂumiﬁmmamgmume@
Taﬁﬁjum@mﬁm@gmﬁwﬁwmﬂwmﬂG‘Tﬁ@g@ﬁ'ﬂmqm BIAINLANANDINTBININTRAATDIBINS
uazrfinlazrnsrasqauradiides Tunszmnzgmm

2.3.8 m‘sé’feLﬂiﬁzﬁﬂgTﬂa@ﬁﬂﬂ?zL%@‘%u

ﬂﬁLsﬁ@%wﬁumﬁéﬂy’qﬁuﬁ@?nﬁfyﬂmmzmumﬁﬁqLﬂﬁﬁzﬁﬂquﬂTugﬂﬂ@q glycerol 3-phosphate

o o 4 4

(63P) Taenfulpsapnsuan (carbon skeleton) ﬂ’]‘w‘mﬂ‘ixmum‘imLﬂ‘ﬂs‘iﬂﬂzﬂﬂﬂ (gluconeogenesis) (Lin,

2
=

1977) &3 Mourot et ol. (1994) TalsHiayanugiu uazadiedinAirasaaunniennainumuaRdy
284 triacylglycerol peingls LLﬁqgﬂLﬂﬁﬁuLLﬂ@\iﬂﬁﬁfﬂLﬂuﬂQTﬂNNWuWWGﬂi:UQuﬂﬁi phosphorylation o
31289 glycerol 3-phosphate (catalysed by glycerol kinase) udaiiingnsruann1sfaiasnzt Lﬂuﬂngmﬂﬁ
fu Buumasrasndssuiisansa e lemiliidmsudnd duuslomiadranndmiugnandi
Faneinnalylg Sesianmanauaaundsn Adnnsmsdonszing laauanads Figure 2.6
nRlesnafigninsnIIeIsargneadnensatiead (paracelulon Wigniehumad Tns
ngzuann1sunguuL a9 wien1sunss358@ (simple passive diffusion) wazainn1gAnEAtl in
situ a1l Jndangiudndunisauasndwasealuan [{dnvamywudn fesandadann (carrier) Wnlu
Ap Na™ ABendn nsunsHulsadlngsansagaasnafusiana (Na' —dependent carrier-mediated
transport system 3@ sodium co-transport) Liuginanas (Kato et al., 2005) udanfizasaaazgnaussl

A o 1 v = o . [ & [ o I'e 4'
NAUNIUNWNLNWLRBAAT (portal vein) LLﬂzLﬂuﬂq‘iﬁ\‘](ﬂu“ﬁl@@ﬂ‘iz‘uquﬂq‘iﬂ\ﬁLﬂ‘i"lﬁ‘lﬂﬂ?ﬂi\ﬂﬂ NITUIUNTIN
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a @ ° a o ¥ A PRy, o . .
Waduluturiueadeadunisi#nfiweseafilfiniannisaaia e triacylglycerol (triacylglycerol

catabolism) ﬂ’mTuLsmﬂ'

Adipose tissue

Dietlary glycerol

]
NEFA Glycerol —>  Bloodstream Ruminal fermentation

Liver Acetate Propion!te Butyrate

- O O . O e . - - - - -— oy

g€ =+ = s g s = -GP G:3-P Succinyl-CoA |

.3

Glycolysis

PEP

F6P

Figure 2.6 Proposed metabolism of glycerol in ruminant animals

‘ﬁm: Osman et al. (2008)

v ¥
1 o

AE9gNAEHINE (mammals)

o

N3TUINNITAILATIZNg Laatuayse (humans) 11y (mice) &m 3

Tagialiifafisudunan udd1adansan Wy (6 LarENes IH1T0RLATIER FTg lnenszuaunisil

]
1%

(Lin, 1977) TudmdiAaes Wu lann ndimeseagnifiivansidiuiiaidguesnszuaunisdonsisd
nylaa uazt¥snunani1azn19ifn ketosis TuEa9925919 transition period Fausitl A.¢. 1950's (Griffiths,

1% a

1952; Johnson 1954; Fisher et al., 1973) sasin Tuilaqiiu nAraseadegntfidningivluemisdng
\ABaIED9 (Schroeder and Stdekum, 1999) nAaspasnnsngnifiiunantuamnsdudmdia Tsauw
Rontinesamafi idndAu (topdress in diets) ¥3an191n (oral drench supplement) (Schréeder and

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

2.4 1BNE5 UazsAsETAgadasnsEndeIuRy uas CGCCF TudniiAnnans
ﬂﬁwm‘%ufﬁ%um‘m@u%udqLﬂufmqﬁuﬁﬁmmﬂ@mﬁﬂ (FDA, 2007, 21 C.F.R 582.1320) g
@/@ﬂgﬁfuﬂz\juilmqﬁuLLGNL?INT@EVIDQTU (general purpose food additive) sraris anunsatiiduennadndla
atinalafinnn aonldudqrsresndieiu wu fnsundeusssuniuoaifiudefiangszdnaed uay
Avafi iAW 1% (10,000 ppm) DM TnemisamsuandiAnaidss (FDA, 2007) uas Shroeder and

Stidekum  (1999) waaslFiud AN uUlFuns i ndmeduluanissvsudadifandes uay
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v
! =) -4

@ { v , ]
apdndmesuinansndivaanglea ndtmeduluesdsznauiifeesemis uiidiensavegugui

3

a

THuBavd A9sin namasue1adsiniagiuTuanisnandia (TMR) Waaainsiuaaie ceras

9 9

AN AANTNYBIDIE DT

Musselman et al. (2008) LszifunanislEndimeduiiaziu 0, 15, 30 uax 45% wasinguittugns
amnaunEHNLdY anssanmmasaduln uazannmendsfinraius uiluninanaodeling
WwEAUTTALNINNGY 30% anus?t 92U 0-15% (HflAnuuansineiy anaifinsenn Snnaasundiseiu

seiugain(y aanndesiu Gunn et al. (20100) FE9THNANTT ENAIEEIHALTISEAU O, 5, 10, 15 uaz

1 |
a A

20% wpedmguitetuunzgu wudnBnmnnsfiuliaesemisanas (L, P = 0.004) uffn9IN13
Lf«v’%igLﬁuTmLﬁu’?ﬁyusfugﬂLLuumﬂqiﬁqﬁmmmmzﬁuﬂﬁwﬁ@%uwmﬁu @, P = 0.05) vouzdl RN
2l unnAnei

Chanjula et al. (2014a) ANEINAIBITEALNALEDIWAL (86.72% glycerin) Tuqmmm‘mm 1659
(TMR) i (0, 5, 10 uaz 20% mnand) Tnunzgnuaniidies-uosinayden 50% Uasnninnsin
T3 nszuaunisminlunszmizgim munuslailunszuaden uazannalulnsieurasuny wodn
U“?mmmiﬁufﬁﬁgwmmm*‘;’mquﬁa wazdnUsransniages ioeslnmuy (DM, OM, CP, EE, NDF, and

v o/

ADF) feintndiAesiin (P>0.05) Avmnnnaanudindiuaasnglaa BHBA uazan POV unszuaidaniian
Tn&iAssrin (P>0.05) ustdndnganlunazumdaniua WiuAsduluguuuniduas (L, P= 0.002) ans
srdunfireanALtugran s IasaTRsEY anifirdnaifiungn-sne uenluds-hilnsiau ez
BUN fienTn&Lesrin (P>0.05) aniiunguil[#sundisadufu 20% fendndinguiilisuniioeiuiy
10% pipnmdindnasnsnlufussmeiiosn Ussansqannad uaznistisslominosiulnsiang
Al uAnAsAUMNIaaR (P<0.01) annantanaaesil asnsatindiresuiuTuemianaaiaiasziy
20% Tuqmmmmw: WaT Chanjula et al. (2015) ANEINATBITLAUNRITDIUAL (86.72% glycerin) 11
GATBNNTNENLEET (TMR) fineii (0, 5, 10 uaz 20% Anandy) Tuunsyugnuanitufios-uaslng
suileu 50% daansanamnnseiyduls aanawean uazadmslnsnnseadeuns wudd
dminsaiis UsnnonnsAulFeesennaionue (Fmguiiv) smsnsienyiule WREERTINTTIUREM
awnafmimininesunsbidanuuandaeiiy (P>0.05) vinueuReiy AndnEoznIsTIn uaz
@mmmﬁmmmﬂmLﬁyml,wzﬁy’q 4 ngu wudnGiusnsneiutunneadd (P>0.05) v0uzdl Arnglaa
uaz BHBA TunszumdanddnTndidesiu  (P>0.05) uddrduganiunszuadaninonunnsneiu
(P<0.05) warfluwaltisfadnlnguuuuidusss (L P= 0.01) asszdunfiwaduAulugaannis
wanEEaTANTY 91nwanaaaasiannsasgFdn asnsetindiredusuduumaendsanmaun
Fralwalupmananiadaszsiv 20% Flugrsamnaunelaelifnaanssnnmnmaadydivle aonn
g paurslnnisrsaieuns uasmuuelavilunasusden waziidiladornannnnssandiugm

VIANADBINI TR UNEE a0 I LR T
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varfinnafnentuladogu wodiaunsolindwednauugrsaimiald 10%  douidin
Uszannmnistiennns uaziidnasde aussonmnsissfivle uaznmiwen (Pyatt et al., 2007)
AEAARBINUNITANEIZ8Y Elam et dl. (2008) WUINNISEZHNAIBEIUAL O, 7.5 uay 15% (Hinase
anssanmmasaiiuln uazlszavninnistienmng udusunansinlieasinquitsiiualinanas
Taqiuufidninmsfinunnisiadnndwesuiulueinislaguiumnn (Versemann et al., 2008; Parsons et
al., 2009) usinasiaaNsIaN NI YRLLR uazABININTINSRE ARG

Ramos and Kerley (2012) ANENNI9LEBNNAmEIHAUTSYAL O, 5, 10 uaz 20% VBITAGUIAIFD
nzUaumMIAn bvasavinass uazanssnnmmMaEsyRvlneslagn wudr Gifinase nszuaumaminiy
vaaanaaes Ussnsnisinlfeesingui uazanssanmmaesaydivlmelagn

daunsfnuntulans Donkin et al. (2009) AnennstEnamedumaunudnalnalugnsaimisus
Tedauninglaaalmingi@eniiszdu 0, 5, 10 uaz 15% s 56 u wudbifnaseUFunninisfin
1% (23.8, 24.6, 24.8 uay 24.0:0.7 kg/d) HANRAUMN (36.3, 37.2, 37.9 uay 36.2+1.6 kg/d) uaz
asfUsznauvnaafinasinum anuiu gds-Inlraeulninmanas (12.540.4 to 10.240.4 mg/dL) Am
syAunnatinstindimedniiiaag a0 wilpdaunlisunfiemauuszdu 10 uaz 15%
sinmindainanndudTadnuad [F5undigedumauniasdl 0 uaz 5% wiazuniupainasysoiaes
snaneliuanenafi (P<0.05) fariu Avanunaaliindiseduaziu 15% Tnghifnasaanssnninansln

ﬂm:‘ﬁ ANSANEINSTE CGWVO Waa CGCCF (crude glycerin contaminated with high concentrations

1%

of crude fat) T‘LALszmﬁ%’@Hﬂﬁ’lﬁm Lage et al. (2014) Anunis iy CGCCF (36.2% CG LRy 46.5% of crude

fat) Tugmamnsunzauiisysiu 0, 3, 6, 9 uaz 12% WudnaNnInlE CGCCF Tugnapmisunzyuis
26U 3% lnelHflnanszudasnssanmmaedydivle uazanweneeuny udszAufigandn 3%
finansevusinsnssanmnasydivle uazamnInEInYeILnz
=4 ¥ i ¥ A S A @ ! o
TnasgUanmansaaanansaziuliidn aunsaldndweduAududaudsznauusiniadu

gmsuladle Taun wazunzld Tnaliinadasdaanssaninniswas agaelafiann lszmavng

1o
a A o/

‘iqﬂﬂqumﬂﬂq‘iaéjﬂﬂLﬂﬂQﬂUN@ﬂ’]‘iT% CGWVO Tummﬁu@f@ﬂi:mumwﬁﬂ LL@ZﬁLQV’ﬁ‘WE’]Tu

NIz gENeedndianadeda (il TnaanisTuunziile unswn waz/ viedadiAaaiaecdueg 7
& Yo A0 o 2 a a o & o ' A a P S5 & =

wpalunalideiiendn Feassfinnsfinunddelulsnifuiinaiafisin e R lfdeyafingnie:
illgnswmmnnistivszleniannnisty cawvo Tuamnstiu uazamiswand3asy (total mixed

ration, TMR) @M%5ULASNUNTLHE LazLweuNsa (1 %ﬂLﬂuLﬁNNﬂ@(ﬁh (value added) 21asHanant (Fa1n

Wi lEuds  (Wvo) swasuduile uazuniidyadige swdunisihingiuuinisn14ha
Uszlamigege dnvisdadiunsannanizassmnudeiivganmuandes uazandiuyulunisidnnines

wReAINaNTs Befldiuymimsindadige Inefiaunigiie

q
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1. 1191 CGWVO TlFannszuaumananiulefina aunsminenEnaumdngAvemnsdng
UsstmWinasem win Salwatuuns [fodrefisz@ndnn iegaaandiunm waziinnisdngauiidn

LAMIARAYINNTNERSTuasdem i 5 T lifinanseusan1sinld uazanTInnInnNITnARIa9an T

[ a

2. M9LEAEN CGWVO filfiannnszuammsnanulafimaulsgusontudngaudwg Winemnsdu

v ¥ !
v

TN ABAMNSTUINNIMTN TN IINZ S LA NTHARTRSIALIERINBIANNANAALAY

ABNTNZDIHD uazuNaNTaUfIR [ InelEanmsdndluinetiu
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uni 3

FEaRRNI5I9Y

A193981309 NALRINAEBIUALINNUNTURYTA IHUAT (crude glycerin from waste vegetable oil,
CGWVO) Tuzgmmmmw:m’@m‘aﬁf%ﬂﬁﬂmﬂﬁmﬁmu: AF2UIUNITNNN meu@rﬁﬂmm Tas
HeutuluEeenssihld wasmuwamnslindwednfuanniniuiei Fudaugasamsune e tisonniy

da © o 4 2 - P Y Fan ae
mm‘mmﬂuwmaﬁumimmmmm@mmmmmm Taantsfnu1AsIiifanTanniIsaaeLLa
[ o W ] o dy
saniuindisgane sull
' v ]

N1SNARDIN 1. msﬂszLﬁu@mmma‘[ﬂ'nmmswmﬂﬁm@‘%uﬁumnmuuﬁwﬁ%uﬁq

VN9 AU F8 819 NA eI WAL N THRET F L7 1F IunTsnans el lWairsneinn
B9AUIENBEUNIAT (EU Tnguits Tustlumieny 181 fialy wazlahe Wudu saxdsnisaa9 AOAC (1995)
WaLALAII pH, density (ISO 12185), glycerol (ISO 2879-1975), moisture (ISO 12937), ash (ISO 6245),

ag

methanol (GC-FID) AMNI5N19H1R93 U (ASTM, 20006)

nsnaaasi 2. m‘sﬁﬂmwmmﬂﬁm@"’suﬁumng’lﬁuﬁﬁﬁ?‘?juﬁ'ﬁugmmmmwzGi'a
mstiuselamilivaslnuue nszuannisudn LL@:NN@@Y%TMW%

1. UNHATSVIARBIULALNGNVIARDY

HUHHUNITNARBILLIL 4x4 Latin square design Tm?;lﬁﬂzjm‘wmﬂm (treatment) tup1ANTHANATY
AU HERTIEINATTIUFEDIMNTEIU (MEIBNUUALIAY) 75:25 a1n1avinaay (dietary treatment) & 4
nau Aastalldl *

aWnanAaesd 1 (T1: NANATLAN) BWNTHANATURITT CGAVO 0%

2IVNTNARENT 2 (T2) BIANTHANATURINAR CGAVO 2%

BIMNINARBIT 3 (T3) BITTHANATUFIWTT CGWVO 4%

BIVNTNAREIT| 4 (T4) DIWNTHANATUAITT CGAVO 6%

* Lage et al. (2014) 51897431 N3TH CGCCF (36.2% CG uaw 46.5% of crude fot) gandn 3% &
HANTENUABANITONINMIE3YRLln uazATNIWENNYBILNY 404zl 0-3% Telumnsinaiiu Ao 1l
AnuNTzAUR NI aNYas COAVO (crude fat 47.78% Waz methanol 4.38%) Tuzgmmmmwz NSANEA
A AN UNRR AT AL 0-6%

ANTNAREY WLNTTELIIAINITNARIRaNLTN 4 F99n19MAaes (period) Lasluusaziaanis
NARBI HIIRT 21 Fu UWNEVIARBIYNAT (AFLDMNTNARBITUATLNNGND WS

2. NAIVIARDY

Wunzgnuanihudes-usslnayideu 50% waf 41uas 4 fa prgadeiszanns 12 Wen Tag

UNEHNENARAY 31.5+1.9 Alandy HENUsuRRdnaudineumaaasdnattdienens anesiunfi
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(Ivermectin) (Tevaniss, IDECTIN®, The British Dispensary (L.P.) Co., Ltd., Uszmelne) tianauannend
Aanenuazniats srs1nistden 1 RaRansseumTinga 50 Alandd uwardnlinnfiu 1A (ADSE)
(VITAMIN ADE 80/40/20, 13t Ta 3 vin 41im) dmansliien 2 Raddns slodavnda uansini da

Tadwietasrtulsndndefiddnyiun Jadulsareuinuarlsainuazindes

3. AMITURENITATLNDINITNARDS

awnafitiuniamaseaiiuemnananasudsi fidadauamnsiudasinianey (didn-
wuaute) 75:25 leald CGWVO szdusineg nauunaswaswaindtalnaninununisaass gas
asiuilusfivneny 16 wWasidud laegmsnmnsiszaulnmnnissineg asuainmandiesnisees
UWEAMHATUHEIE9 NRC (1981) unzyndngnistunandaiialisunmnsasinedass welifu 2 ads

1981 8.00 uaz 16.00 W. dndazlfsunissudanuemnaasssiuean 2 dUamineuiiguiiusiaagng

4. NMSRMNSARIIAaaY
4.1 szezU5udnd (adjusting period) NNNIFNARIMARBIATHUNUNITVNARBIULL 4 X 4 Latin
. o & Yo/ 1 @) o/ o Y 1

square design Tfﬂﬂﬂmqw:Tmaummatmmqwmm s 14 54 Tnadndas [FAuamnananaTuaa
agafiniiynngunaaas avnisAnunUEIisnsiulfiagnedasy (voluntary feed intake) Tngiuts
Aaiamnsaanidi 2 1981 A 299 [He19191981 08.00 U, waztasting a1misian 16.00 w. lng

£ I [ o < v Y v & d' = = @ 1 I o &
Tunnalianinataadi vinnnadels (W) wasdeamsfimas waain) wasludastnevinnnetds
2191908 (WH18) wazdsannnafiae (aeEn) et UniUsniosnisfiuliuudazdu Tagvinnisan

ﬁuﬁﬂﬂ%mmmmﬁﬁfﬁLL@:mm‘aﬁmﬁﬂﬁqL%WLL@zLﬁunﬂffu ﬂ%mmm‘iﬁufﬁGiﬂf‘fuﬁqmm%ﬁgm

U'%uqmnﬁiﬁuTﬁsiﬂﬁ'u(é'quLﬁa) = @115 WinaMEA (Ui — amrarRanauEt (Tnquiie) +

2 [ s 2 =] [ [ 2
mmssfvm'aumu ('JC‘I‘E;ILWN) - FINRTITLHRATABDWLEU ('Jﬂi;lLL‘VI\‘i)

Fo o oo A o A Y

husrasildndegiunssiafenifirazeanatifiunasnnan uazfinaiaauazeingiamng
4 (- 1fin) uazinmnazenaan lugaadynu

4.2 svazifiudangng (collection period) i:ﬂzﬁﬁ@fi@%’uumqLw-ﬁﬂ‘uﬁﬁm (metabolism crates)
o o o/ 2= 1% o @ o | o o o & o '
yinmsusudndirfanuduensiunsaduna 2 Suusn uaztugas 5 Fumds vinmsfiusiaetneeinis
ya uarilasnazfnsniulugos 5 Surssusazdaenisnaass aABnSiuLULIMNA (total collection)
(Schnieder and Flatt, 1975) uazvinn1sifivasmasaInnszwzndnuaziden il 21 (Fugeaving)
PBIUFRZTIINTNIAGDY TN DM N guvnassmdaugasudnd ualiies 90 wWasidud
rp9UF s inlFimnalugaesrezlsudnd e tidninaaasivemanuamudagauiinmunty

NANNARD
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Table 3.1 Ingredients and chemical composition of goat diets containing increasing amounts of CGWVO' (% DM basis)

Dietary CGWVO (% of dietary DM)

[tem T1(0) 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
CpP 16.00 16.00 16.00 16.00
ME, Mcaltkg DM** 2.65 2.66 2.67 2.67
Cost, b(]’[h/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% methanol (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.

2T1 = 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 IU; Vitamin D: 1,600,000 IU;
Fe: B0 g; Zn: 40 g; Mn: 40 g; Co: 0.1 g; Cu: 10 g; Se: 0.1g; I: 0.5 g.

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

* Calculated with an estimated ME for glycerol of 3.47 Mcal/kg 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).

@ 2 [~ s ]
B. AL AUABHAURSNTITLAUAIDL N
[~ s 1
5.1 MSLAUMIBEINBINIG

FuiiusandapmsNaNATUANAUAY dUaar 3 Sufindeii eamsiin (dn-fn)

!
= a

uazemsfimae (n-1fw) nasesnnibsilleufigaamgR 100 asrnwaes dwaan 24 Falus 1iie
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visnAnaarasinguit TneimnumsiulFeasdndusas i uazdndaumisazguifuanus
azdosntanaaed udnilleufigomgf 60 ssmiradaa iuaan 72 Falne uazsilduariupzunss
w1 R e iAnasiniesdlaznoumiaail W Saguits (dry matter, DM) Tusfumeny
(crude protein, CP) L1 (Ash) aNuAEnN19289 AOAC (1995) LazALAT1¥ neutral detergent fiber (NDF),

acid detergent fiber (ADF) wag acid detergent lignin (ADL) n#Aan19284 Van Soest et al. (1991)

5.2 nsTaRmindRIaan

Fuimindnimeaeadusiuon 3 astuusazdainiaassiansedt 1 Fanandnaumaans
Wngnaenendnsressudadnaansdasnamaaesd 1 59nsedt 2 nasennUSudnduazazsidnddunss
BMBTIURTH WAZASIT 3 MAIIINIEEINTNARDIIMUARZNITARDY AB MRITINELSIBE 19NN TS
wnslUadn viannsamiufin aaeraunssiaasaniamaaniagnisdsuutasiningaee
AR IAND

5.3 NMSIALAZNTSINITUAIBE 1NVBUARIIINATHNIEUEN (rumen fluid)

ijﬁ‘]_lﬁ’)ﬂﬂ"l\‘i“ﬂﬂﬂL%NQTuﬂ‘E:LW"Izﬁﬁﬂ (rumen fluid) ‘?JmfﬁmfiwmmLwimﬂ@juwmmﬁmm 0
uay 4 %Tm“umm‘ffﬁmmﬁmﬁuqmﬁﬁmmLL@i@:‘j:ﬂ:wmm TmeA3n19% stomach tube 3oL
vacuum pump U3N104 100 #4. snsndnsnaansdungn—snesiufilae ¥ pH meter (HANNA instruments
HI 98153 microcomputer pH meter) WATMAIIINIY UleBaaIaINnsznzsneanmdu 2 damu e

saudt 1 FuiUUazH0d 40 RRRART N TM H,S0, 914U 1 RAARRTSa289Ma91N7HuW 10
Aadans Wonganiavinuasa @ dnluiumies (centrifuge) aparnuiEa 3000 sausiamwit i
181 15 Wit U Ianauila (supermatant) EUTHazHT0s 20-35 Radans siluiiuTnguruds
aomnftszanns —20 ssAeaBes e lUArarsiuen iy -lnsies (ammonia-nitrogen, NH;-
N) Tmﬁ‘ﬁm‘mz‘é’u (Bremner and Keeney, 1965) Tﬂﬂsf:ﬁ’l,ﬂ%lm KJELTEC AUTO 2200 Analyzer (Foss,
TECATOR) uaz991ananaunieninlUaiasnsininan sz me livaisn (total volatile fatty acid,
TVFA) uaznam lsiussme (Eianaey laun namez@fin (acetic acid, Cy) namlwafiaadin (propionic acid,
Cs) waznandafi@an (outyric acid, Cy) Tnal¥ipdas HPLC (Hewlett Packard) Usznaudag water 510 pump
(Millipore), UV Detector 210nm., ODS reverse phase column (5L, 40x250mm) ARLUAIAINTTN15289
Samuel et al. (1997)

dauit 2 ﬁflmﬁzjmﬁu 1 RaAAMT BN 10% formaldehyde 9 Radans o luUmsaeriy
Usz1n998un3e (total direct count) (Hud wuafliBe (bacteria) Tuslada (protozoa) LAzIE9 37 (fungi)
Tma®¥ Haemacytometer 211@ 400 %89 (haemacytometer H2W1A 1879 x 879 x AN = 1x1x0.1 mm) lag
yinnnsiuuuafide 20 doudntuuamzuasan Tnef 2 fufleniduafeniaianisres Galyean
(1989) dsluslndauazdasminnissiy 1 #a9ngy Tnavinnaiusiommn 25 gaenans Tnavinnnaiulus

Tnfauay zoospores Tuﬂ’l’iﬁfusf%ﬂﬁm%wi’iﬂﬁ (Olympus BXB1TRF, No. 2B04492, Olympus optical Co.
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Ltd., Japan) Wrfndsnenesall wuaflBauaz@asnldnnaseeny 400 win (40x) Tusladal#iidazeny 100

Wi (10%) YINNNSHY 2 7 [ EUALITRAERIATRAYIDIUSLEINT

5.4 NMsguLuAIaERan

v '

4 o 1 = A o 2 o
fiudaadnaden Avan 0 uay 4 Falaseesnisiamiseesiugaiinaeeusiazsynznnaas
Taaifiusnidudansnausiaoias (ugular vein) U3N10d 3 Na. W@NaaARSEWNIEN (heparinized)
Wetlasiulifidanudesin ndsanniuiuniumies (centrifuge) fmanu5a9eu 3,000 saUsBNNT TF
Py & ! LY @ , @ A a p ° a 4 o
1981 10 wfluazifiuaau plosma tagifinutuisiigamni 20 asrra@as assAnszinn sz

g5e-nlmsianlu@en (blood urea-nitrogen, BUN) (Crocker, 1967)

5.5 nsguinussadilaanaz

mafiutlaanasiugasdndagunnsasmsnluads Tagvinnnsifiufiadeii 5 lwdasgavinaees
sraifiudnedne s nafuiuionan TnaMdananafinauinmaing 5 a9 Fafanmgunganansld
UUINNAERNADEIANTUTAF1IZARDALINT Tuﬁ\‘iL@Nﬂ‘EWﬁ/@Wﬁﬂ 1M H,S0, TH&Rdau TM H,S0, #ie
flaanaz 1: 10 ieiiumasdsinlnaenluiiasasual 5l pH ppaffaaziiftagsendng 2-3 yiatiiite
nepfanssasganEdiandnlUdesaashilnnauluiiaain: viinsiasuasiomaiiiuusias
Fuuazvinnnagafulidazano: 10 wWeddudansiiaanaziomn Werinldaanduiud 2, 3, 4 uaz 5
wdvinaguanasslazinm 5 wWefdnd udniluduriesiinnuisa 3000 sausauil uiu 15 wid
Fuannzdanls nassaniu siilAmssimdasalraeuluiiaanzaaiinismes AOAC (1995)

Warannsnzinaananaa lpsiaw (nitrogen balance) siafy

[} [~ o/ 1

5.6 AsNLIUAIBE19NA

Eavinnafiundeudunisfiviiaanns leafiu 5 Sufindeiulugasingvesnimaass 1§
ABnsufiuuuuyianas (total collection) Tnevinnsifiulugaadn a1 06.30 w. Taennsdainminga
vianae nsifiufiannsesyadeagfinunasenininseeilaanay fewfuinnnsagnynaaulidinfuuay
wtaifiuu 2 dou fe

Aaudt 1: ifiutlsyanas 100 N5 shlUaui 100 svAsai@as iwaan 24 Falug Wediasnz
wiinquitssasyaiiiudeennan uusardu

[} PN & 4 ¢ ® & ¥ o/ & ! o/ o & o A

daudt 2: ful3uszanm 5 Wesdudupsimingaomatuusazdn inlfus7 -20 asen

o 3 , & o ¥ o & a A 0 o ' ' A & 4
waes vnsfiugniiauasy 5 SudnihyaiomauFunadivindueusasngameassiifiulan
agn AN vnnsgafiudnase 5 wedduduaninililevi 60 svmwaeaiunan 48 #alus wia
aundnazuteaiin wdnihluariuazunssawn 0.1 fadwns e [UAwmssinesflsznauniaed
1A o a ¢ ¢ a A o ° ) o ast

WuRgatuMsinszimesAdsrneunaefitueing e lUdwanminisdea dnsatnises

Schnieder and Flatt (1975) Saamnnnsen s
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natas[Faeeinguiis (%) = 100 - 100 x (Winsnyatsuw)

WIWHNIDIBINNSANRUS VLA

nadesFaaslnme (%) = 100 ~100 x (%lozusluya x simdnyatSuuka)

% TNTTHEINT X WINENUBIBIANTTIANLS LT

6. NMAATINTBNAN NG
ﬁﬁﬂgﬂﬁfﬁmﬂmﬁmmmﬁy’qmmu’ﬁm'm:ﬂmﬁ%mﬁLﬂﬁq:ﬁmwLLﬂﬁﬂ‘muLm‘u Analysis

of Variance (ANOVA) AIMHILNUNITNARBY 4 X 4 Latin square design Tael¥ Proc GLM uaziU3suifiey

mmLmﬂﬁhwmmmﬁmmmjmmmﬁfmﬁ% Duncan’ s New Multiple Range Test wazfnswia lix

m‘jmummﬁmmﬁlﬁmzﬁu CGWVO #9838 Orthogonal polynomial (Steel and Torrie, 1980)

7. aeRiivinntsvaaas waziiudaya

1. MHAALNY NIPRYTINAIFAIARS ATYITNINTTITHENR NNIVNLIRLYFIIRTUATUNS FNLL2A
WA tney 90110

2. #a9fIRN19ATILAAUNINDINITART ANATEIRRIFNIERT AMTNINYINTBITINEIR
NMANYNAEAIIAINABENS Angiamnaa e 90110

3. T99naNeMNTERd AFRIERIFERS ATENSNEINTEITHENR NNANETRURIVAUATUNS
Angaanin g 90110

4. guiieaasfiadngnmans anAnendussnaiuaund aneuaamaig) 90110

5. Tasensssaniawaniuledioa (oafiawaned)  frznsruaunisuuusiaiiey s
898197 IATINITNTZINEATE ADLAAINTIHANERS NATINETRERILARATUNS eARNA Moy

90110

8. SLUTLIRININISITY

Hnamaans 13 fausifion aaian w.e. 2557 - Hieanilanew w.e. 2558
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unh 4

HANTISNARNDY WAZIFITH

4.1. msﬂszu‘iu@mﬁmm‘[ﬂ%mmﬂmﬂz‘iL‘ﬁfa‘%uﬁumﬂﬁ"}ﬁuﬁ%ﬁ%uﬁq (crude

glycerin from waste vegetable oil, CGWVO)
9 .

4.1.1 qmﬂuﬁ'ﬁmamﬂmwwmmnﬁ’rﬁuﬁ%ﬁ?ﬁué’q

fanting COWVO Altunamaansndsi (A5unuayaszian umnAneidessaaadums
Ingnaaniaing “Tassnisaidantsnanlulefiiaa (laafiaiadinas)  Seunszuannis
wuusadies swdiaswnarnlaseniswszsuans” NANTTANEIAMANTANI9NIEAINTBY CGWVO i
W hunnavaaes (Table 4.1.1) CGAVO 7t tunsnaassadefifunasnannnainlsssunan wlosios
(biodiesel) BNAENTIHANEINER 3,000 Anssialion uaz Enanans [EnAimeauAuLUsEs10s 600 93
seiften (dadanlulefion:nfiwedudu = 1:02)  TasdngAufilduneinisnisitiuda (cowvo)
(FONTHATY LR AN SN AUNNI NI TN dn ez Ranint, 2557) Saiiwansisenaudumad

aaa aa

Uszinlnanfsalss (triglyceride) WansunszuaunianiaediiBandt Uifssmaudioamesiia

|
aaa =

#4 (transesterification reaction) (Moser, 2009) ¥H18T N5TUIUNITVRIUTFELARTARA1TUNUTNY

k1l

waanagad (alcohol) aamassauaanagasanynnis lnalfiuiuaa (methanol) wazlfiue (base)

AB NaOH WinsiaseUfjizen vinlAiAnndssiosiidueamnes wiefiGand methyl esters maprnadlule

e (petro-biodiesel) uaznAEa3UAL (crude glycerol) (Moser, 2009)

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

[tems Content Notes

Information of crude glycerin1

Source Waste vegetable olil, (CGW\/O)1 -
Biodiesel process Transesterification -
Reactant Methanol (MeOH) -
Catalyst agent NaOH -

Physical properties

Visual evaluation Light yellow, transparent -
Color L*=19.97, a* = 22.33, b* = 2L (lightness)*: O = black to 100 = white; a
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 Oil
Crop, Faculty of Engineering, Prince of Songkla University, Hat Yai Campus, Songkhla Province, 90110, Thailand.

% L* 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).
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ABAARBIL Hansen et al. (2009) n&1191 Ufi3emsnudieane3Riadu (transesterification

s

reaction) ﬁﬂﬁﬁﬁ%ﬂ’]ﬂ"l‘imﬁlﬂu‘mﬂLLﬂ@ﬂ“ﬂﬂ%N (dlkoxyl group, RO-) BMIEAWBsFIausanDdadisl
Tuanadnndn viasenaBend UfBennisuenaanesasueanased (alcoholysis reaction) ﬂg‘jﬁ%mﬁ%
T%Lm%ﬁuLml,mﬁféﬁuﬂiﬁﬁfﬁmmiﬂL@%ﬁﬂfﬁﬁQﬂﬁﬁﬁ%ﬁnL@ﬂLwaﬁjﬂLm%u (esterification reaction) (¢1
Trsimg9 ﬁqgﬂﬁqmﬁf%m%ﬂuL@ﬂm@%ﬂmﬂﬁ@TﬂﬁuLﬁﬂT%LﬂuL%yﬂLwﬁmml,l,wu (alternative automotive fuel)
WIBNAIITUVINLADN (alternative energy) %uﬂmmdmzﬁ’wmmuﬁw (Lee et al., 2002)
\efesonamianiBinnsnignInees CGAVO wudn CGWVO AliTunismaansassiifidnuns:
inaasman (T149) Teigu fdsianaudin (dark brown) (Figure 4.1.1) Tnefidn® L*, o uay b ey
19.97, 22.33 Uy 28.68 AMNAWL (Table 4.1.1) findumanenn waziinduganssmiuaatnnans &
savamanties azane[FAtuin fannaniladnties %@ﬁﬂ@mmﬁ’ﬁmqmﬁmwm CGWVO H@n L*,
Wy b* Andn udfldl o FINI19189UBY Tu uazAnz (2556) 918947 NRigeSuAuen
TassmnanTulafioa (biodiesel) 2u1mtng) (@fndanisnaniazanas 220,000 Anastadu FnqAuiitinn

FINUINRUIRNAL) TATR L*, a* Waz b* @AuWInny 32.43, 14.78 WAz 43.76 ANNAAL

NO. 1. Name: Glycerin-Wast
Source: PSU_Methanol_EE

OMY: 31 Aug. 2012

Figure 4.1.1 The color of CGWVO samples is very c1ppc1rentT
' 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.

¥
=

1 & va 2 a a % 1'% @ 1 a
RN ChTGE AMENTRNIINTIEAINIBINALERIUALINe Y Turaeady THun #8a uay
WRITIN1 2894151 vide (25U n99udBn1ananlulafiea (Thompson and He, 2006) U310 mMnIuES
NABTEN NIAPNURFTE (FFA) warn1sUNleNIIRITANAANeT Usznausiagidin Tusfin Tastse sin
A LARIBaN WaaWeasd waylUunaiBen 1fudu (Donkin and Doane, 2007) Insianwizarnniinesy
d?/ 1o/ v W =4 = a a a P} 1 =) a
ﬂuﬂgﬂumwwamwmLmTuﬂmsﬁmumu Toaanizlisfuasinasanruniianin Daung.

2547)

4.1.2 asAUsznauniAliaaInfeaIuGu
nansUszfugnAmslnTuinisees CGWVO 7itEtunnameass wudnddeisvesaanis

1in9on TUsRNgan (257949930 UATWAININIIN (GE) WinAy 13.93%, 7.41%, 0.03%, 47.78% uay
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6,290.83 keallkg AHATRL (Table 4.1.2) waziAaAan9357% No, Ca UAY P Wil 0.47, 0.0053 uas
0.0022% PNNATGL 204st Thompson and He (2006) 51897W3T ANRAL2BINAITEIWALTANGARTN
WnuefilEuga (Wv0) Sufingan 5.55% luafingan 0.23% (asusan 60.1% ndwasea 76.6%, Na
1.40% WAYWAINIWIIN 25,176+ 193 kikg 38 6,012.90 kcalkg AMHATFL mﬂ%@wmiﬁﬂmm%ﬁ
wudn CGAVO fAnSunodlasingan (47.78%) seAUge uarfinfions0a 63.42% TNTEIHATOHNH

NAwWlET vi3enas e wnsdnd [Hun9d@an (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 6584-00EQT1, titration assay (AOCS, 2006)
Methanol (CH,0), % 4.38 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)
/\/\ONG5 5.24 ISO 2464, 1SO 2464-1973 (slightly modified)
Specific gravity, g/ml 1.07 AQCS (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 Oil
Crop, Faculty of Engineering, Prince of Songkla University, Hat Yai Campus, Songkhla Province, 90110, Thailand.

z 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)

donpedlsznaudug 9ae CGWVO AitiTunnsnaassnudn fAnndseesndgaiusanyiny
63.42% NVUDA 4.38% naAleNBNTT 0.71% AIANNTA-A9 9.57, MONG 5.24% AN

999NN 1.07 warA1ANEe 11.75 (Table 4.1.2) FILANFNIINWNANTIFANEIUES Thompson and He

o

(2006) naiHpIaIndanlsznaUnlnsuzassnfBInALTweg Tunatatiade THun unaswesingdi

waa i nsauAsnanan lulefoa wazU3uisesudelunfiwadu (Thompson and He, 2006; Dasari,

=

2007) FanRreIuALAANEN AR NN LRI IARTE NN transesterification  kaZLE®
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LN = c‘{ 3 ¥ 1 =Y £§
NITTURIAUTHUAAITHUTGNTUD CGWVO Gfum'aﬁﬂmm\aﬂwmq ﬁN’]@]ﬁ’]ﬂ’]uﬂ’]’TNU‘ifﬂﬂﬁﬂ@ﬂﬂﬁLeﬂ"ﬂ

| '
o o = ' !

WALTZAUAT (low) FaAAAAYAL Schroder and Stidekum (1999); Hippen et al. (2008) AiNa1791 AN

1))

g i v o a £ s °
FEVDIBINALIBARINIT0uINEBN(H 3 55AU fia 1) ANNLAgYEReINAiIBeTeaTEAUAT (low) And

q

i

[ HBIDN 63.3%, Na 0.11, methanol 26.7% 2) 9eAULIUNEN (medium) HnAlEasaa 85.3%, Na 0.09
WAL methanol 0.04% uaz 3) seaugeiinaleasaa 99.8%, Na 0.0 waz methanol 0.0% ANHATAL
agalafimnn Anrandnineessmneaiinndtelunfimedseanuiuiieada s dnyfiaziin
Resannauiaziunduemisdns (animal feed) Gordan (2009) 918N1HIT FIHNNIRATUZNTINAG
BT WAZe (food and drug administration, FAD) ’ﬁzqdﬁ ‘jzﬁuﬁﬂﬂﬂmﬁﬂﬂ%mm%mmﬁ methanol A5
ﬂgjsfuﬁw 5-20,000 mg/kg (0.0005-2%) uazi Sodium Sulfate (Salt) gdqmﬁiﬁu 16,000 mg/kg (1.6%)
TundireanAufiasinT M Aesdnd AauiiudaeesUaunns methanol 299ndimeduinagfudiuiuae
methanol it TnazUaunMTHAR uazeianesingAuiilstuniananTulofioa (Hansen et al., 2009)
Fatis FAD AalAfnmuannmsgurnsin-gegarassanountannAneessns methanol TundigadnAualy
fim 92U 150-10,000 mg/kg (0.015-1%) %uﬂmzﬁummgma:ﬁu United States Pharmacopeia (USP)

YV
o

2898133 (Donkin and Doane, 2007; Feedstuffs, 2007; Gordan, 2009) BIANNIINANNTANENASIT 7

o @)

TEAUNYIINAATH  CGWVO (4.38%) NANNTIAN 1% F95i N19ANEIASIT A9 CGWVO unl#iiin

[%

ANALDIMNTARINEDN eNAUUIRGALNRNUAZALARY yaaanAuns (8 15 G1alne dang

9
A A

finq waasiing ugiu Tuszduen (0-6%) ¥aas methanol (CH,0) winri 0.113% laafanyfignuie T«

ANANITNUFADENIIONIN WIBFUNTNIBINAT

4.2 nsAnunisdan (s nszuauntsvsn LL@&@?N@J@THTGISW%?%LLW:

4.2.1 9RU9nauUnINLAR2 898N NAREY

KAN1TIATITABIAsTNaUNIATYBIgRIBMNTNENIESA (total mixed ration, TMR) 7litunng
names isznaudaeiinalnaun nandamaes mﬁm&mwwz@uﬁq uar CGWVO 52ausneT (Table
4.2.1) Wudﬁﬁmmé‘immﬁmquﬁo (DM) 11993 (ash) BunBadng (OM) uazlusfiumenu (CP) TndiAes
i Tnefilusfunauegugag 16.49-16.67% poud (23T (EE) uazniloizad (NDF) g lugag 1.95-
6.06 uAY 40.26-46.08% Andnluiraglaa (ADF) uaz@Anfin (ADL) aglugs 18.13-19.36 uaz 5.46-
6.65% ANFGL BIAHUANGEI9TEY EE Uaz NDF waza9flsznaudig anaiilassnann aasuansng
vosingRuamadnditiiudamsznaulugasamng uasdndmiitilugns Tasawiz cowvo 7l
noudinalnaunluniaaaasnsi ilasdfusznaumadels uisiuaunolosugeyintrszdulasiniy
zgmmmmﬁmqﬁummzﬁu CGWVO ﬁLﬁN%ﬂTNQWﬁ@’MTﬁ AAAAABNAUIIENINIDY Lage et dl.

=

(2014) 19718979491 BIAUTENDUNNARYBIFRIRMNTTEENAILNAIERTUALAT LN N T D e a9

Tasusziugointilulugrsevnsiis@uanssiunsisdunameIuaufifisubgasans

D

|
v a o/ 2

9INNTIATEADIALTENDUNIIATIBINEINRUANY AN UAINLIN NEYINFUANY ANUAIRIRY

q

wis 91.42% wazifleAmfuiesidudlnmmruugiuinquite Ussnaufaeduniadng 92.85% lusflu
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598 3.52% Tustusan 0.51% 181 7.15% aslulananiilifinlnseaing 9.26% wiload 79.76% anl
wraglad 51.03% Anfiu 8.96% Lafiwaglad 28.73% waziwaglad 42.07% Asa1iu Selasidud
Tnquits uazBuvdednguamdmauamyanwistunisfnuadsiindideedunisfinenaes aunn uay
ADAT (2544); Chanjula et al. (2010, 2014a) 98973497 AInALAVYANWHTiaNgA1adA 45 41 fiRg
Wi 89.17-91.53% Buviaedng 91.44-91.62% uarfiluafiugan 2.99-3.36% yanamAmIsaINIT904
A INALANY AN UANFuaatuiLTTadesingg W angrasRafidanyiauie Anamuuiiaes
o gy avndltuniafiuifen nsrzdv Taduundeniifizenduay gania uazaniwannie
fndiu Fedawadansdlaznouniafifiuandieiu Tnadnffeazfnudiamisgeludasiidnds
windule uazazanauflofefiangunniu (197, 2543; andond, 2548) Gelmomnsdndazdluatiu
uniigeifiangluazazddaasgiiuln willsfuezBuanaodofieiunanaon uaznisanasans

Tﬂ‘iﬁusfuﬁ%@ﬁ‘w’]‘iﬁm'j'@:LﬁNﬁ%L’%@H7 \WepyresN AN (a8, 2548)

Table 4.2.1 Chemical composition of the experimental diets and plicatulum hay

ltem Dietary CGWVO (% of dietary DI\/\)1 Plicatulum hay, PH
0 2 4 6
D/\/\2 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
NSC3 30.00 29.90 31.82 30.43 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
Cellulose5 12.73 12.63 12.82 12.54 42.07

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

? 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 Usnnmnsininquiisliindnedass uaruiumnistulsieadnmuzainamis
9INNNIANEINATBITTAD CGAWVO TugnIpmnananiasasinei (0, 2, 4 uaY 6 % ANATRL)
siaUFunaiulivianae (Tnquiie) isnAsduBanounde (kgid) uasAnmdulesiduioasimings

= v A o ¥ o a 0.75 ' ]
(% BW) ﬁﬁﬂﬂ‘iﬂmﬂﬂiﬂﬂ‘i“uqv‘uﬂLLNLLWU@@‘H (g/kg W) ﬂ@QLwanﬂﬂ?ﬁN (Table 4.2.2) WUIIH
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uAnsinain (P<0.05) uariluwslfinanasluguuuidulAstndesss (Q, P=0.10, 0.01 uay <0.01
ANa9L) TaengsdilFisy CGWVO 33 0, 2 uaz 4% RAngendnngsdiliisu CGWVO se#iu 6% (1.008
Alansuinquitssiasnsieii) amuedl sendnengs 0, 2 uaz 4% CGWVO (Huansinariu Tnetdunmnisfin

a1 1

Taviannafianeslugas 1.107-1.167 Alansudnguiivdadasadu inwaafoaiuynimnsiulfves

U

a o

Taauy (Bwidedng Tuaiu miowad wazanhuzaglas) wudingulisu CGWVO 52 6% DM fidsn
ndngHENT Un.eil nguATASY CGWVO 526U 0, 2 ez 4% DM Rerliunnsinsiu (P>0.05) annAdas
flU91891%4289 Lage et al. (2014) ﬁﬁﬂmmisﬁ%ﬂﬁL%@%uﬁuﬁﬂuLﬁ@uTﬂﬁuﬁ:ﬁuqa (crude glycerin
contaminated with high concentrations of crude fat, CGCCF; 36.2% CG Wag 46.5% of crude fat) Gfuqm‘i
aWNTUNZILTiaEAU 0, 3, 6, 9 uaz 12% wudnamnan il CGCCF TugnanmnaunzynlFfisziy 3% Tos
TiflnanszusetFanainaiuld aussanmnsesodvle URZATMNINTINYBILNE UANTTLERH CGCCF
i:ﬁuﬁqqmﬂﬂdﬁ 3% (6-12%) WudnfinanszvuderFasnsiuinguis(feswdase anssaninwnis
WaiAuln uazAnnIEINIDIUNZanRY  vinuaaRaetuniaRnefdeuninfaesas Pyat et dl.
(2007); Parsons et al. (2009); Ramos and Kerley (2012) fiwndnnaia@s CG bilagman (10%) uazly
Taguana (12-16%) v ivsuunisinlianas uatlnsanisidosdunfireduaulngnsainis

4 ! o ¥ A a v & 1 Ao o o aa
NAHLFTININNTT 20% wnsfwﬁﬁuﬁmﬂniﬂufquwummm@mqmﬁmmmmmm

Table 4.2.2 Effects of 0, 2, 4 and 6% dietary CGWVO on feed intake of goats

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

0 2 4 6 L Q C
DM!I (kg/d)
Total DMI, kg/d  1.107°  1.167° 1.146° 1.008°  0.02 0.05* NS 0.10 NS
DMI, %BW 312" 327" 325° 280" 0.05 0.05* 0.05 0.01 NS
DMI, gkg W 76.05° 79.79° 75.22° 68.747 121 0.05* 0.04 <0.01 NS
OMI, kg/d 1.027°  1082° 1065 0936  0.02 0.05* NS 0.10 NS
CPI, kg/d 0.185° 0.192° 0.190° 0.167° 0.003 0.05 NS NS NS
NDFI, kg/d 0557° 0.588° 0576° 0505 0.01 0.05 NS NS NS
ADFI, kg/d 0.215% 0217 0208° 0.186° 0002  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).

A9 UduiuN1SANEI289 Musselman et al. (2008); Terré et al. (2011) WUIINISEENNALLD
Aufisvsiu 0-15% (HinaseUsuIsnsfiulEtuuns uaz Gunn et al. (2010a); Chanjula et dl. (2014a,
2015) fiftnunarassziunAiresuAL THgRIaanasLaEasnai (0-20%) wudrsziundiraiuau iy
gAIBIMNIHENLEET 10-20% (HinasaUsumnsfulfessunzuazuny vusaieatunisinuntula
434 Moch et al. (2009) fisneudn AnsiaEunALmadn (0-12%) Bila Holstein bulls ifuaan 91 4 uas
Bartof et dl. (2013) fisnennudn nmaiadsndimedu (0-10%) tnawnslaguazaziaan 251 fu lifinaste
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Uasnnimsiuliiman anssonmnisesaduln waznoniwanueslagu iadasideaduniafine
989 Chanjula et al. (2014b) WUINTLEBNNATERWTITeRD 0-21% BHfnasoU3Hnin1sAulERmne
anssanmnnsednyiiule uazaunmananslagy aneiilasnen mamasasismuadewntiniling
\waAuAY (CG) ARUSHInla uay  methanol A1ndn 1%  wazlindieeduAunanndy 86% sy
AnsAnEnASet CoWVO Al¥fUEnnAretuRy Toiusn wasimeawiniu 63.42, 47.78 uaz
4.38% sndndiu Tnsiannzazduluiiugan waz methonol fige anaifiniiadendniiinasetdunninis
Auliiananvasnmng Seazdulufufingsdunussiu COAVO Mindulugneains (Table 4.2.1)
uazLBrndladiuiannndt 5% ugpaaimisiainn s1edsrasiatEinanafuli aanamanlunng
doa (i nszuannaman uazniaedniulneesuuafiiBe (bacterial growth) Twnszimnzgiam sanandes
9789134289 Palmaquist and Jenkins (1980); NRC (2001) finana9n TevinludnsiAanans inuse
srduliufigs uazUBsnninisiulianasdnfiusinaleiuininndt 5-7% Tugranmnsioman fb
COWVO filaesulusiugefinavinBiussnannsinldiianan (aquite) aevdndanas arnuanimases
psauanaliifindn amnsald convo tugmeamaunslifisziu 0-4% Tnalifinansznustersano,
nafinliiannn (Tnquits uiszdufigendn 4% finanazvusioBanoinisiulfetddsszaesune

4.2.3 anuaNnsn iunstanll uazUSimnsainlivaslnausiitesliluaims

HATDITZIL COAVO THgRIamnsnanIa3asinariss (0, 2, 4 UAZ 6 % ANANFL) AedNsvAND
matioa lFaaslnay waztBimntsinlfiveslnausfidanlilunmnsansuns (Taole 4.2.3) wudn

dnszansnnadeslgaaslnyus (DM, OM, CP, NDF W@z ADF) flAanuumnsnefii (P<0.05) wavd

b

i lisufsdutugunudslisindsans (Q, P= 0.02, 0.02, 0.05, 0.03 uaz 0.05 Anddy) Tnangud
1950 COAVO 52U 2 uay 4% Slgendingaill#5u COWVO 2t 6% anust semdnanguiilasy
CGWVO 52610 0, 2 uaz 4% Giupnsinedu doudnszaninnsteslions ash uaz ADL (iAo
uAnFafiL (P>0.05) usidnazandniastanliens EE Wadulusiuouidu (L P= 0.04) aaandasriy
Wang et dl. (2009) fig1emdn daraniniasdas livaslnmzrasinquininduilo@undisasan
Tuamasedy 0-3.3% Wlnflisufremsdndidiumdn daudissaninisdesFuaslnmziianas
Tunquitlisu COWVO 52t 6% pnaiitassnnufniendanuas COAVO AfUH1aluiugs waz3snos
Tasufinanndn 5-7%  Tugmsamsdenasioassanisatunisganli nszuauniamdin uaznis
Wingyiulneesuunaiide (bacterial growth) Tuﬂ’izm’izgmu (Palmquist and Jenkins, 1980; NRC, 2001)
uaneni a1aiflesen ndresaatnaseqRunadunasimizgisu B9 Roger et al. (1992) THuamali
Windn nswsaiivle nsinnzay LLmﬁ@ﬂﬁumﬁﬁ@mmgLm@ﬁ@mmLmﬂﬁﬁﬁﬁfjﬂmmﬂLm@ﬁm
Tunszimazgia (ruminal celluolytic  species) 2 afingnéiudaiiiniadundisasoalupmiaidsside
SEAUGY (0.05; viv) usiliifnadunguilaiunfimasansziusn (<0.01; viv) uay Paggi et dl. (2004)

WudNfianTInNIsdpe Fansag laa ST NIZ S HARRIAMNIEAUNRLEDIa A TN TN eI SRS

ENmNIATERTUANYI0! Bae “narBendreiuivemindii Huda tugasemsunssenistis:lenilboealnme

N9ZUINNTNNN LLN%NNG;I(NTHTWﬁL"Vu” «.A. 2558



39

T8 A9 ASRINAINIatas Faasdaly N1aRARNIResERa LaslazannTuuAfideanas Iagianie

nAN Butyrivibrio fibrisolvens W& Ruminococcus albus (Abo El-nor et al., 2010)

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

[tem 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° 76.13° 6833 1.88 0.05 0.17 0.02 0.79
oM 75.01° 78.83° 78.70° 71.03° 2.03 0.05 0.24 0.02 0.72
cP 76.09" 77.93° 77.14° 7058 159 0.05 0.07 0.05 0.72
EE 69.900 7541 7622 76.94 1.96 0.14 0.04 0.29 0.64
Ash 44.07 49.98 44.07 4207 2.29 0.18 NS NS NS
NDF 64.73" 67217 66.34° 5573 2.4 0.05 0.04 0.03 0.61
ADF 46.36" 5137 48.05° 3933 238 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°  0150° 0.147° 0.118°  0.01 0.05 0.04 0.02 0.71
DNDF 0.360° 0.393° 0.382° 0279° 0.18 0.05 0.01 <0.02 0.56
DADF 0.100° 0.1 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 Mcal/d 292° 324" 318" 249" 045 0.05 0.05 0.01 0.70
ME Mcalkg DM~ 2.64° 278" 277" 248" 0.38 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.
> SEM = Standard error of the mean (n = 4).

° 1 kg DOM = 3.8 Mcal ME/kg (Kearl, 1982).

YusaieafulstninisAniFeeslnmusiites [Hlue1m1s (DOM, DCP, DNDF uaz DADF)
WU HAMHUANE9NY (P<0.05) Lm:ﬁLLmTﬁmﬁuﬁuTu;jﬂLLUULﬁuTﬁaﬁﬁﬁmm (Q, P= <0.01, 0.02,
<0.02, uaz 0.05 awddin) Tnangudil#5u CGWVO 52U 0, 2 uaz 4% frngendinguillFisy CG 6%
y9iefl sEmdenguArAs (0, 2 uay 4% COWVO) Trunnsinsiis usUdsnninnstinlFansTnusidos T

a9(ouluens (DEE) wudn faanuuansnefiu (P<0.05) uazluwiltiuisduluguuuuidiunss (L, P=

|
=

<0.01) MusTAU  CGWVO Titiinanlugnsainis analesennl@sulafufisduninsziu CGWVO 1
Wi lugmsnnng lumnemseiudinn Wang et al. (2009) s1evudn dnsz@nsnisdes Faaslngue
1p9inquitainduiialsBunfrnsanuemsssi 0-3.3% mlafildsufrennsdndifunan uay

Avila et al. (2013) fisneeudn madealdlunasanaass (IVDMD) Hundlifnifsdutiguuunidiunsasle
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\ENnAmaTaaTEil 0-21% DM flenauwniinaunsiadugnanmnslaguiifssdy 50% dnaunsiad
ez 50% Hrunfiadmdiniiuainiamdn ausadedulusleun wodidudazaninisdes (Haeg
Tauzans DM, OM, N uaz GE fisidiu puszdundisaduiuiiisinlignsanms (Donkin et l., 2009)
youeit BiflanauansinsiuessdnuszansnistosFaoslnuzans DM, OM, N uaz NDF DuusiTaun
(Khdlil et al., 1997) ushileia3unfiensansoniunan fiufisnannityazdin findussaninisden (3
yolas uazhifnailaia@uenznfiwesaantaaifien (Khdil et ., 1997)

nNanAasIassiuansifiudn seiy CoAVO TugasamnanasiaZarasune (0, 2 UAY
4% snsandi) GifnasedusyantnnstesFaesinquite Bumdedng Tsfiuson miuead uazdnly
\iaglan SeaanndestuliinanisfinlFiman uazsinaniatulivaslasue (OMI, CPI, NDFI uaz
ADFI) ufidn dnlszavianiades (Fuaslamsfiunlinanauile seil CGWVO Ageannnda 4% Tugns
81119 91NNNTATNISN AT Uz TandTH (Mcalid was Mcalkg ME) W47 HAHuAnNsn9ni
(P<0.05) uazflualiufndnlugtuunidulfeindsans (Q, P= 0.01 uaz 0.01 asa1dL) Tnangudi
1950 COWVO 53U 2 uaz 4% Rengendingufilisy COAVO s2iu 6% wnisil szndnanguaruny
LAZAGHTILEEH (0, 2 WA 4% COWVO) Trunnsinariy uazildagTugng 2.64-2.77 Mcalkg Belndides
Funasenii guUselemiliisman uanfiemassnidosnisesunsiie i uniseso@ula (NRC,
1981)

4.2.4 Nan?mmnﬂs:mumiﬂﬁ’ﬂ?unszwagmu LngL%H—Tu‘[mwu?uﬂszum?z'am

WNATBITEAL CGWVO Gﬁuqmmmimmﬂ%wmﬁu (0, 2, 4 UAY 6% ATNAAL) FANTLLINNT
milnlunsznnzge uazyBe-tasanlunszusden (Table 4.2.4) maAssuasAranuidungs -
A9 vae pH Nalunszinnzgunrasunsluusazdoaaan 0 uay 4 Falnndsniatiamns uazAais
598 WUd1An ruminal pH TefiAgsuAnsineii (P>0.05) Tuusaznguitlisugnanmg Tnafidadaso
1p9aNiNnTA-A19 ABEneAsTt (6.00-6.28) ABARKENTLNTTVARBIZBY Abo El-nor et dl. (2010) 7
G899 NaEERNR eI R GTRadai A NTunTa -9 waniivsERLTiansansaniareNee
nauqAnvEdTidanaaeidaly (celluolytic bacteria) (Russell and Wilson, 1996) uwaznistasaeslisfiu
(6.0-7.0) (Hungate, 1969) aeialafinn Anndsgonduulinanasugiuuudunss (L, P= 0.9) uaz
FlaRarsaUBauiousn pH ATHE9919an 0 uaY 4 $9lanaensTHiensnns wudn A1 rumen pH an
fa9 (6.03-6.17) Tuinlaedt 4 nasn1seing uslifaanuansneia (P>0.05) 819udipsnnann (fin
nazuaunaningegaluialid 4 ndsnnstiennis aenadosiy Wang et dl. (2009) fis1earudn
Aadesanrasansfiungn-siuu linanasdigUuuuidunss (L, P= 0.05) ieidiundimason
nawnmulsdinnanaluemnasdussiu 0-3.3% Wlamnznssnizdi Esufgammsdndiduman uanos

=4 ' 1 % a2 @ ' (% a
L‘ﬁuﬁ]"lﬂ’)"mZ\‘I'WN"I’?QTH‘HW??—J@EN@Wﬁf@‘ﬂﬂﬂﬂ@L"h’ﬂ’i@@L’i’)ﬂ')"lLLﬂﬂﬂquﬂ’m
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Table 4.2.4 Effects of O, 2, 4 and 6% dietary CGWVO on rumen fermentation of goats

[tem Dietary CGWVO, % SEM®  P-value Diet Contrasts, P-value'
0 2 4 6 L Q C
Ruminal pH
0 h-post feeding  6.39 6.36 6.27 6.16 0.09 0.34 NS NS NS
4 h-post feeding ~ 6.17 6.06 6.13 6.03 0.07 0.51 NS NS NS
Mean 6.28 621 620 609 0.17 0.22 0.09 NS NS
NH5-N, mg/dL
O h-post feeding 21.04 2036  19.64  20.00 0.57 0.43 NS NS NS
4 h-post feeding 22.86° 21.43" 21.43°  2071° 054 0.13 NS NS NS
Mean 21.95° 20.89” 2053° 20.36° 0.39 0.05 NS NS NS
BUN, mg/dL
O h-post feeding 2140 2447 2490  21.87 1.35 0.25 NS NS NS
4 h-post feeding 20.87° 27.25° 23.07° 23.80° 0.95 0.01 NS 0.02 0.05
Mean 2118°  25.86° 23.98" 22.84° 0.89 0.05 NS 0.06 NS

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).

Anmnsdinduressysiunen Ty -tulnsian (NHs-N) nelunszannzgsu wodnaAtuesldle -
TumeumﬂTuﬂizquxgmuﬁmm 0 uaz 4 Flumdsniatianng uazAnadsaan wudnbifiaoy
WENFINNNL (P>0.05) BN Tmmjuﬁfﬁ%u CGWVO 6% A1 NHz-N @?ﬁﬂdﬁﬂ@juﬁ'uﬂﬂwﬁﬁﬂﬁqﬁmmq
afifl (P<0.05) yinnasifiatiun1afinynuas Wang et dl. (2009) fisnenadn Tagungudi (#5undimedui
S2AL 0-3.3% fazdunanlile-Tulnsauanas anizdi Abo El-nor et al. (2010) 996891 MaLaENNE
ie3ulNENasiaf NHs-N aanadasrunisinunblaiiafinudn a’iLLmTﬁNTﬂé”lLﬁﬂqﬁuﬁfuﬂzimﬁfﬁ%ﬂﬁ
\HD3TITTIU 0%, 4%, 8% waz 12% (DM) (Mach et dl., 2009) perslafianm unsANEIASIH NH-N
frnaghunoiiunaluune Tnefdnafasanens NH;-N oglurag 20.36-22.32 (Table 4.2.4) uazen
NHz-N Tum'ﬁwmmm%ﬁ@ﬁuﬁwﬁmmmu 10-30 mg/dL (Ferguson et al., 1993) A115UN1T
WinyRulnwesqAunad uaznsdaunsnziqaunadlsfin viusadeniy Preston and Leng (1987)
37891497 5¥AU NH;-N 5-25 mg/dL LﬂuﬁzﬁuﬁmmmmGiﬂmﬁﬁwmﬂm@gﬁuw‘%ﬂumzLWﬁzfgLuu
204t Windschitl (1991) 571891945261 NHa-N ﬁmmmmi@maz%Lmﬁzﬁffgﬁuw‘%ﬂmﬁuﬁﬂ 11.8-18.3
mg% WAy Mehrez et al. (1977) 91897U52AU NHz-N ﬁmmmumaﬂ%‘ﬁwdw 15-20 mg% HIATH
diadins NHy-N fmsnzan Susgdumansiiade Wy wilnuesdnd wlasesamng Tasianizuna
adlulanan Usunodusiuiiauld (lews, 1975) Ananmlunisdanszuaunaninaesaiying
ANAINIT0 NN Stiaaaane [FaaslUefy LL@mﬂqwﬁLQﬂﬁmeuﬂﬁszq:gLuuﬁmmmu (1Ng1, 2533)
9INNNSANEIY8S Erdman et dl. (1986) navdiniades(fassinguivaasamnafingegn uas
AIHETHNTATUNS AN [Hg (At uTiseAUANE R iNIBs NHs—N 170 uaz 250 mg/l AMuansy
FnevunEIdesiuaNyao] Beg “warpsndiesRuaniniued BudaTugranmnsunssantstiussTanTFaoslnme
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yiusaRefuAiamudistivresyde-hulnnaulunszuadan (BUN) foan 0 uay 4 dalu
pisnsTiamng uazAnafsgasnudlHiAHuAnsnai (P>0.05) anuiu ngui[#50 CGWVO s
0 uaz 6% AAnAnsndIngraunt9itud AR (P<0.05) uazfiuulisindntigUuouidu
Thsrndsmns (Q, P= 0.06) asslafinn Srraglunosiunaluune aoaadesiy Lioyd (1982)
518910447 szAuUnfzes BUN Tuunzagugag 11.2-27.7 mg/dL Sermanadintiuans BUN Unfiazii
wstnagiunanailads i a1y a1m13 Uannodlusfiuiianld uazlasnizssiuans NN Tu
AT AITi NSLRNTDITZAL NHs-N Tunszinizguu Snasenisfinensaziu BUN tunazua
\dam #BAAABITTL Preston et al. (1965) 51891491 Ain289 BUN Handusiusga (highly correlation) fiu
UssaTuaiuiAuls wasdiusiussiunnananuasluniaunazimizgum (Lewis, 1975; Kung and

Huber, 1983)

4.2.5 sysuanadinduzasdugin (insulin) nglas (glucose) wénlaasanddafien (B-
hydroxybutyrate) wazl3nansisinlaRnuasdaud (packed cell volume) Tunszuamdan

HAIDITZAD CGWVO Tugmammianania3asineria (0, 2, 4 uaz 6% AINATAY) ADANg AR
(glucose), BHBA uazfin PCV  THNSeualAna lULARLEIIIAT O LAz 4 Faluangenisliiennis uas
Andssannudn Tifanuuandfsiu (P>0.05) (Toble 4.2.5) usifignsiaan 4 Faluamdsniatiianng
AnglaasiuelinRadunussiunfaiunuigraomiananas afintu Tnasidaiesneg
g9 75.37-79.38 mg/dl, 4.60-5.06 mg/dl uaT 30.62-32.37% AINATFL

anauitesann nawaduinansdsdiuiiddyaninszuaunisdoinasinglas Ln,  1977;
Mourot et al. (1994) aaAARANTTLIIENIUAAY Johns (1953); Wright, (1969); Rémond et al. (1993; Kijora
et al. (1998) finudnnsalwsfiladin (Cs) indwitansfnentu in vitro uay in vivo TnedndiAeana
nanlwafilefin 80-90% iuaassiuluniadanmeiinnianglas (Preston and Leng, 1987) aginalaf
i Tunnsdnunassiinglaatunszusdonfidnag hunasiinaluun: #a 50-75 mg/dL (2.7 to 4.16

a

mmol/L) (Kaneko, 1980) yINua9LAgafiu@Al PCV A9e9nulag Jain (1993) 51897491 A1 PCV funfang

1
o o '

unzaglunng 22-38% dn PCV vidaABxlnedm (hematocrit) iusaiiddnyatrmilsfitianady
vaaUsnunnnasUsaftasINmeune uargunndndidacdiud dndiauRnlnfvasdaniald
Tremanan POV sndnAtdng dmdezienniszeslsnlainens (anemia) Smnamsaiidinusnnen PCV
gendnAUng fndazionnisvaslsalnadegifle (polycythemia) Baifinarnnisadnafimdeauasfisan
ReUnd (Jain, 1993)

La‘jﬂﬁmﬁmﬁmﬁmﬁﬂmm@wmizé’w’u@uﬁﬁu (insulin) 71287 4 Faluanaentstismanuda

p=}

wudn il Ansuansineii (P>0.05) uddnfuwalilssanluguunidnlAsindsas s (Q, P= 0.07) anu
sz CGWVO Tugmasmananiasailiiadn ansfitngaonan 0 Faluamdsnisiiianing uazAaie
saRnug Andnganlunszumdsnadaanuuansnaii (P<0.05) Inanguitl#su CGWVO 0% frnsnndn

ngndueteiiandny (P<0.05) uazduwalifsanlngUuunidulfefindsaes (Q, P= 0.04) anszey
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CGWVO Tugmspmmanasia3aiiingn ussfaanuuansneiu (P>0.05) Tungudilisu CGWVO sz

v g

2, 4 uay 6% lnevilunisnyudeusssBuganiunazumdandanuduiusiu i anmdniuens
nglaatunszuaiden (Evans et al., 1975) UannounglaatunszumdoniifistuyinTiszduauganiy
nazuaADATIANTY (Jenny and Polan, 1975) atinalafinny nandsaesBugRudnatfunansilade v
819 ASY 01y GuARIBINANTT nanladufistme iviaonn e szezinantunisgudantie uaz

anuznmeesdnd Wndu vrensdl fnednflandiiusiinndudinglaalunszusden (McAtee
and Trenkle, 1971)

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

[tem 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 72.17 74.57 7477 374 0.75 NS NS NS

4 h-post feeding 81.05 7577 8112 8400 456 0.65 NS NS NS

Mean 7537 7397 7772 7938  3.78 0.75 NS NS NS
Insulin, JLU/mL

0 h-post feeding 1870 499%° 585" 478" 091 0.05 NS NS NS

4 h-post feeding 314 728 1034 740 2.11 0.22 009 007 NS

Mean 2517 614" 810" 594" 125 0.05 005 004 NS
BHBA, mg/dL

0 h-post feeding 427 447 427 477 058 0.91 NS NS NS

4 h-post feeding 492 565 505 470 032 0.28 NS 007 NS

Mean 460 506 466 475 042 0.86 NS NS NS
PCV, %

O h-post feeding 3250  31.00 3175 3325  1.02 0.49 NS NS NS

4 h-post feeding 3175 3125 2050 3150 0.93 0.38 NS NS NS

Mean 3212 3113 30.62 3237 058 0.21 NS NS NS

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.

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

4.2.6 mwL%N%wﬂmﬂﬁﬂTﬂﬁuﬁssz&Tﬁw@aﬂ@amm?uns::m'wgmu

HAYBITEAL CGWVO Tgmanmnanania3asinami (0, 2, 4 WAy 6% AINAFL) ABATA9TN
ndaasnam iezme [Eiansa (total volatile fatty acids, TVFAs) TaTTEA AN IR IaINTnay
#RA (acetic acid, Cy) N9AlwaReaflA (propionic acid, Cs) waznsadafi3a (butyric acid, C,) TuuAas

FIAT 0 UAY 4 T2 LHINAINIT INBIMNT LarANaALTIH (Table 4.2.6)
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Table 4.2.6 Effects of 0, 2, 4 and 6% dietary CGWVO on volatile fatty acid profiles in goats

[tem Dietary CGWVO, % SEM? P-value Diet Contrasts, P-value'

0 2 4 6 L Q C

Total VFA, mmol/l

0 h-post feeding 61.60 65.02 63.83 56.70 2.76 0.25 NS NS NS
4 60.29 66.97 68.50 61.29 3.3% 0.30 NS 0.06 NS
Mean 60.67 66.00 66.18 58.92 2.75 0.24 NS 0.08 NS

Proportion of individual VFA, %
Acetate (C,)

O h-post feedng ~ 62.89  62.57  60.04 5410  3.30 0.30 007 NS NS
4 6330 5836 5397 5318  3.19 0.19 003 NS NS
Mean 63.10° 61577 58.94° 5344 158 0.02 0.01 NS NS

Propionate (Cs)

0 h-post feeding  22.36°  23.68°  26.30°  32.22° 201 0.05 <001 NS NS

4 2103 2519 3169 2750 449 0.46 NS NS NS
Mean 21.69° 2443  20.00° 29.86°  1.49 0.02 <001 NS NS
Butyrate (C,)

0 h-post feeding 11.98 11.30 10.58 10.71 2.15 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  1.51 0.73 NS NS NS
Other VFA'

0 h-post feeding 2.75 2.44 3.05 2.98 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

0 h-post feeding ~ 2.86°  2.66" 237" 1710 0.27 0.09 <001 NS NS

4 3.06 2.53 1.90 218 0.37 0.24 009 NS NS
Mean 296°  2.60° 2.14° 195 013 0.05 <001 NS NS

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

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

FINNITNARBINLIT ANRAEAHIT NN TR [BauATewie [FRsNaTaaT 0, 4 Halug
NAIIIN WHAINIT LazANaAgTIH INTAITHLANG19TM (P<0.05) LLGiﬁLLmTﬁNLﬂmﬁu"fugmmmé’iufﬁq
fi&sses (Q, P= 0.06 uay 0.08 ANa"AL) 7aan 4 Faluanasanntiionmis uazAwdsson Tnangui

TH50 COWVO 9281 6% Ruunliinanas anadlasniann Usnaon1siuld uaznisdas(faasanis

|
=

NENAASY CGAWVO 7Tzl 6% AINdINGNENT ueReaiusnesuees Mach et al. (2009) 7
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1897591 TVFAs aeslamnminguillisundimedunu 8% fuwalin (@, P= 0.09) Andangu@ne (0, 4
WY 12% CG) iflparnan Uanmuntafinlfiansamnsduniegendingune
deRensnniBeuifsudndiunninanlaiusiazianuaiea 0 uaz 4 Falaendanasls
8N UAZATRAYTIN NUdInsaerdRafinan O uaz 4 FalumAsnnslinis naafafiia waznsm
Tasfdne (isobutyrate, isovalerate wa valerate) Taifimasumnsiniiy (P>0.05) Tnusiaznguil(#5ugns
213 Wi ARATINIINTARERANLY BAauAndnaii (P<0.05) Tasnguiilasy CGWVO sz
6% fAdndnnguiiliis CGWVO 0 uaz 2% udliflanuusnsineii (P>0.05) semdnengail CGWVO
2L 2, 4 uaz 4% uazfiulinaaasdigUiuuduess (L, P= 0.01) MIxszdu CGAWVO Afindsudle
Wsuifeudunguatuns (0% CGAVO) imuaaiReadudinsansfinafianudn fuan 4 $alumdsnns
Womnsldfaanuansneiiu (P>0.05) Tuu@i@:mjmﬁfﬁ%ﬂqmmmi usinanlwafania fiaan 0
Hluandsnaienms uazARATaRnLdNE AEuAnsfsis (P<0.05) Tmmjmﬁfﬁ%’u CGWVO 6% #

ANGINAINGNTTHTL CGWVO TI9ediu 0 uaz 2% usdlNfiAnuuansineiu (P>0.05) send1engwil(F5y

|
=

CGWVO 531 4 uaz 6% uazfluulianfndnliguuuuidunss (L, P= <0.01) Anszdy CGWVO i
Wndudensauisuiunguasuey (0% CGWVO)
Hafensanaauifisusdndauanudinineeensnlusuiisyme T8 (acetate:  propionate,
C,:C5 ratio) WUINTIIaN 4 FalnandannsiFenmns il mnuuansnaii (P>0.05) meimmjuﬁfﬁ%ugm
81913 usTiaan 0 F9luemdanstHienns uarAeAssIHNUINTiAIHUANEANIT (P<0.05) Tmﬂﬂ@juﬁ
1950 COWVO 53y 0% Rrgandnngufilisu COWVO 32t 6% usilifmuumnsnfi (P>0.05)
sendnanguilFsundimeiudiu 0, 2 uaz 4% wazfuulinanasTuguuuuidunss (L, P= <0.01) Aw
stAU COAVO ifaduilwdsuifisudunguacuas (0% CoWV0) Taansmlusiufiszme (i
nsnaydin nnlnsiesila nsadaisn ﬂﬁ@f‘naﬂ’uﬁuj uazdnaIuEDITeINIAn:Rnfansalnsiaaiin
Tun1snasesiiilifainszndng 58.92-66.18 AR lNafaans 53.44-63.10, 21.69-29.86, 11.21-
13.64, 2.20-2.73% 189n3A [@suazmn [Fiamue uaz 1.95-2.96 AMNAIFL FEAARBITLIIENINIE
Medle et dal. (2013) ANHINAZBINISEEHNATERWAL (0, 6 Waz 12% DM) Tuung wudinam s
s lEanum uarpedUszneueensn sufissme [ Bifanuuansamii (P>0.05) anu C; uazan
fndaunnudninaansn iuissme# (CpCy Aumnsnati Ty Cs ﬁLLmTﬁuLﬂ'uﬁuTugmmu

LAUATS (L, P= 0.05) 2eueil dnaauaay CyCs ﬁLLmTﬁmmmTugﬂLLUULé’ium‘N (L, P= 0.04) anugzAU

T
A A

nAwesuALiad e feuieudunguaiuns (0% CG) vinuauiReafunisAnunges DeFrain et dl.
(2004); Trabue et al. (2007) Aignesmdn nguuslrdmuaiilisuniaiadsndiresaadAranuidistinaa
901 C5 GIN9T UAZATAREINIEY CyiCs ARAIFININNGNT (HIaBuNA 190908 UaY Linke et dl. (2004) 71
Wu31 nsiEBHnALEesea 1 kg Windlunlaalviniean (oral drench) uaznnenszmizgim (via rumen)
vsaasniiulaidau 200 v3e 3009/hdid (Wang et al., 2009) inlrrAMMEsEinsasnss C; et

WeawSauifeuiunguii iadn Gannaundnnsa iuiiszma(fiann faoudninglaanseiy
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AHEINITa unsties (HeesdwrBadag lanedminanainisalunisges Heesdunsadingiini
qeflnarinin1snAnnT e [asiufiszme [FRaEW (Sutton, 1985)
1 & ¥ ¥ o A v & o ! o A 1%
a9 (500N ANEndueeInsladuisme Rianan uazdndoauessnsm @duissme (@
Tuagiunaneilads 1w dndaessnnilulaesn uazlusiv nmsga@nassnsa sz e Bl
NTUNIZTHY FRIINITAKIN (ruminal  passage  rate) pp9ra9nan [Wdanszmnzes lunadu
(abomasum) (Lopez et al., 2003) HINNITHK SNARTUANHIENTIUTAFIUIBINTABWNTS (organic acid)
Vanualunsznnzgudsiuag furfinuesaslulonse wazisunnfidndfin (Heldt et al, 1999)

o/ ! ¥

AANIUDINTTUN LATDINITUYTY (Sarwar et al., 1992) way Sutton et al. (1993) 1891997 USHHULT

!
a1

dpaaans Freiaaniuemsiufinaridsziuanudsduessnsalnsfiosiialunssmizgamesd
ande?l azAuAHdnivaaInInarERnanay Wana1nil Van Soest (1994) nana91 anaal C,:Cs IR0

NNz iNNNSANALNASN Naznanan C; THUszAnBnIneasnasugendn uazlumnmgug

A

FIHITAANTTHARALATINNLEN 91nnT193RaFASuanlnaanlsd (CO,) daalalagian (H) Mdnan

NTLUIUNITRILATIERNTAVNEDY (Hy+CO, = CH,) (Preston and Leng, 1987) WAAIMAUNTAIATIZANTA

v v
a K

TwsReafnas HALAMNMSIAATY  F9Til B1innafaAT1IzingmInafaalanInfasi LA aINyLEY

WAetutias neassnuing g1innsdamsnsingnesdin waznandafisaninndnfasiufauieu

De

%

finunnn aduniasgydendsnummiisenwilaainanuseuiiniuainnazuauniandn we,

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

4.2.7 @"’mquﬂszmnswmqﬁuw%é?uﬂizwagmu‘fﬂﬂ%%msﬁ'umsa
9INNINARDIH WUANFIUIHUSEEINTRIUUATISY LATITDINIWNSHNNZGIHNIBIUNE WU (A
1 o/ 1 o/ o o/ aa 1 { 1 10
FArNuanANTHed AT AN NEDR (P>0.05) uaziANafsTendy 1.90-2.20 x10 uay 1.65-
6 o o/ 1 v v o/ ! QI ¥
219 x10° cell/ ml ANFFTY (Table 4.2.7) usiRunaliinanasugluuui@nasemnssiu CGWVO fiiintu
v o1 [P=1 1 o/ gj dyo a A y a0
uHIHEAAIINLANFENTY (P>0.05) LWATHANITIAABIAIRITHINLTeTINTIaLUATIEY LazaeHan
A FeariusIBauiaunTiniaes Chanjula et al. (20074, b) A51897M91 U9rrnsesuuaiiBy wazide

g

snuesunzgnuan s mewmed (udes-weslnayden 50 wWesidud) fdnmdangugos 1.40-

!
A !

10 6 o o P~ °
1.90 x10 ~ U@z 1.15-2.89 x10 cell/ ml ANATU UavTU UazAtLY (2557) 191897991 949Ul 529NT
289uuATIBe uazITaININNTTINIEgEWIB U TFSUNAITe3WAY (CG) Aineliu (0, 5, 10 uay 20
-4 4 ° o/ 1 1 o/ 1 Y 1 10
wWasidud anana) Giftaouuansneiu (P>0.05) uasfid1ndessndne 1.89-2.23 x10° uay 1.60-
6 o o & v o . { 1
2.22 x10° cell/ ml @uAFU d9aanAAadiU Bryant and Robinson (1961); Hungate (1966) 1151814711431
3 : ! ) 10 12 4 6
UszensaasuuaiiBe uazidesniunszinizgeu ddeduges 107-10° uaz 10°-10° cell m
°_ o v @ ' aa o P= a4 a ra ! o
AINAL  uanaiindt amnsfiflszdunfreiuauiugaenis dinasenszuauniamdn uas
AN HNTZNIZFHNIBIUNE YEaFNIIaNMIBIFRdFasas uidnfuwsliindszmnsuunilGe

uaz@eINana tuNguiilF5y CGWVO 36U 6% CGWVO sisiianaiiiasenn sesiundwainsulugns

21VNTTGININNTT 5% B19ANATUNINNGNUTZEINT9AWNES [WnTzinizgiam (Farios et dl., 2012) uaz
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a

Roger et dl. (1992) WudnszfiunAed WAL (0.05 viv) a1unsndusfansanvesenlsdiandss (fugadl
activity; Neocallimastix frontalis) wazuuafidefidesaaneidels (cellulolytic activity) w1 Ruminococcus
flavefaciens wae  Fibrobacter succinogenes ‘ﬂm:ffi Tﬂﬁmﬂ'ﬁ:wm@mﬁw‘%mlﬁﬂm A5LN1ZE A LAY
cellulolytic activity 289 Ruminococcus flavefaciens W Fibrobacter succinogenes LLﬁ@zﬁ/uﬁgﬁLﬁﬂixﬁUﬂﬁ

ipsaatindniunnndt 5% ugasanng

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

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

0 2 4 6 L Q C

Total direct count

Bacteria (><1O1Oce||/m|)

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 0.36 NS NS NS

Fungal zoospores (><1O6 cell/ ml)

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 Protozoo(><1o6 cell/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.

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

1
A A

HaRa15onazanng lslndaianun i Table 4.2.7 wudnUses1nalus ladavianne (Wi aans

1 o/ 1 o/ aan ! 1 ) 6 8 )% o/
uansnsinegneiidndgmieata (P>0.05) TnefiAnaglutas 1.50-1.94x10° celll ml Seapandasriv

dl ! o/ = [} ! 6 tll
Hungate (1966) 1978974731 ﬂ‘iz‘h”]ﬂ‘ﬂﬂ‘iimeﬁqsfuﬂ‘izLW’]ZELNHN@W@%T‘H"D"N 104—10 cel/ ml wazdu

|
P ! a

UAZATMY (2557) M91997191 9THINU 29 INTAaULLATIE: LL@:L%@ﬁﬂTuﬂﬁ:LWﬁszuuﬁmLLw:ﬁTﬁ%’mﬂ
WBFUAL (CG) #N9fu (0, 5, 10 uay 20 Wesidud auansy) Hilaanuunns1eiu (P>0.05) uazd
mmémﬁum 1.31-2.01x10° cell/ ml 551919 wARAISNNIN51897489 Chanjula et al. (2007a, b)
5189940 Yazrnseesdazannslslndaindsrasunsgnuan fudesmomed Wudos-uaslng
suflens 50 Wafidud) fdnaduatTiugeg 2.87-3.65 x10° uay 2.41-3.57 x10° celll ml pad1diy 1osil
Khampa et al. (2006) THvinnanaaasTulauminagnon wudnfilszansTsladamas 1.4x10° cell ml

819158911910 N1SLEENNAeSunaunuitlnaszAugeetefinalUanusuiuds uaziinnai
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anantdUsylanililugasemsmussiumasBunfee3uiiet wssndweseaiauiamsagn

' < PPN '

wWagnlUiunanlnsfiosiia (C;) natunszinnzgiam (Garton et dl., 1961; Bergner et dl., 1995) #n4gfl
¥ @) o - '

utls uazsimnadinansuesluslada Tag Williams and Coleman (1992); Russell (2002) s1ere1udnlys

3

Tm‘??/fmzju Holotrich sp. waul# soluble carbohydrate PULAINGN Entodiniomorphs  sp. HANANAUS

=

NEBANY feed particle wazaaul¥ully (starch) 81AA47 inuesiaafiu Jouany and Ushida (1999) 7
398971497 NaEBHuTEIeRNIN1Tes v IneeslUslndaaanndeasdiu Russell (2002) 518971497

A9ie3nyreslusinduinnindudiefiu wardiemistsireinuteananuiuiieeluslndn uas

v
(%

dnannagezainananuiiiazanas 9 Jouany and Ushida (1999) 3189mdn s1waneeslUsladnaineg

Auinea wazuilsiazans (@ annne

a

ad19{3finn Yszrinsoesqduniddiunasinisgunusiarsfinaesdndduegduiladanansy

1%

1grn1T 1u ﬁﬁﬂﬂﬂ\iﬂ"l‘iﬂ’]‘iﬁﬁ@]’ﬂﬁ%ﬂ Ay’ ‘iz’f:l3L'JNqstuﬂ’]‘i‘ﬁS:I/ﬂﬁiﬂﬁlstuﬂ‘iﬁil,quzmu NOATWATITH

9

o o g !

N3A-ANIBINTINIZFINN ANHANANEIINI N ANEE IuNTzINNZIMN uazdnaIuEDIa T use

& v ' A A o &y A ' . . ' aa
DIATNYTY LURAK WLIIDIATAHLE ?EIZ;JNVI’TT%NLL‘U?IVIL‘&EﬂQN cellulolytic bacteria q@ﬂ’]qﬂqifi’l‘jﬂﬂ

1
A

@alusn uonanHisyiuees NHs-N vasUszd@ndnmnisdes i Tnsemnsiifinnstenlfge uazemis

|
aA

Pfmain RN findue099iED9 NHs-N Tunszmnzgueadiadn vinlismanuuafliBaufisdu (Song

and Kennelly, 1990)

4.2.8 AnnaNna2aIlkingian (N balance) waznstiusslamizasiulnsian

HAYBITZAL CGWVO THgRaamnanauLa3asineriu (0, 2, 4 uay 6% AMNAAL) ABENAAYSY
Tilnaian uazBsnomeshilasianfidnifulls (Tale 4.2.8) Usingdn Usuansfiulivashilasiau
yiamain (Total N intake) fAvnunnsineri (P<0.05) Taanguitléisy CGAVO sy 6% fdndndings
Aupditd AR (P<0.05) anizil UsnnninnaiuTulngian (N excretion) Maluguaasnisiy
Tulpsiaunnetlagnag (Urinary N) Ussnsnsiululasiantuya (Fecad N) uwazBanmnisdulasian
ylamam (Total N excretion) TaifiAnnauansineifiu (P>0.05)

yiupaentuAFisnsinfiuidasaniusienig (Retaned N) uazarinfululnsiaw (%
of N intake) vEaUszanBn1nnisl8bulngian (N efficiency) wudn iusnsinefiu (P>0.05) Tnaddnas
aT14829 12.09-18.06 UAY 44.80-59.04% ssAAy a0uzit A (ulnaianiignea@u (Absorbed N) uas
Anulpsiauiignaa@u (% of N intake) wudnfimansumnsnaiu (P<0.05) Tnanguitliisy cowvO sz
6% frsnndnnguauesnefiudfAymeaiin (P<0.05) anaifiasnnenn Usaaniafuliimuanas
BIMNIHENIESY AHANNTD UNNTtpald uazBunninisiulfeeslnmeTusinTuemsunnsndiv
FerArnaslulngauiiunclFisy SanuduiusiuSuininisfulioddass uazanantsaluntg

sinel (4
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Table 4.2.8 Effects of 0, 2, 4 and 6% dietary CGWVO on N balance of goats

[tem 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 7.15 6.80 694 797 043 0.31 NS NS NS
Urinary N 7.00 7.61 547  6.80 158 0.80 NS NS NS
Total N excretion ~ 14.16  14.41  12.41 1477  1.91 0.82 NS NS NS
Absorbed N 2257°  2406° 2353 18.89° 0.85 0.05 0.05 0.02 NS
Retained N 1556  16.45 18.06 12.09 212 0.32 NS NS NS
N output (% of N intake)
Absorbed 76.09" 77.93° 7724" 7057 1.62 0.05 0.07 0.05 NS
Retained 52.05 5249 59.04 44.80 6.57 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.

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

v v

nMameanIasai nudnannavesiulpsian waznistilsylamiiesulnsieuiianduuanty
UWNENNEH WA A TNIINaED992sU  CGAWVO Tugmspmmananiadasinefis (0, 2, 4 uay 6%
awaaL) Bifinasaranannaveslnsew uaznstiaszlemivesiulngen enaiflesenn ungyn

o o

mjufﬁ%’ufﬂmwuqqﬂdﬁmfamﬁmmiﬂm‘mmﬂ FemsiuaanN il ivansuen i -Glpgew
(NH5-N) Tunszinnzgisuassunsynngs ﬁﬁﬂ'ﬂLﬁuizﬁuﬁLLuzﬁ%?m%umaL@%iyﬁmmmwﬂm@gﬁuw%’
(5-8 mg/dL; Satter and Slyter, 1974 %38 3.3-8.5 mg/100 mL; Kang-Meznarich and Broderick, 1981)
dmsunaiaiule uazniadansziqiunddlusingega uamsliindienmnsiiliszin CGWVO
Tugnsomnananada (0, 2, 4 uay 6% anandiy) arrnsntHiduunamassnmaunsdnanalusmis
Fnild wazdndannnsasin(Ul¥uslemilis waviieesnadenissngedn taalifinansznuse
nsvuauMsAnuNgzINz U aNRaes ulngian uaznistivsslenizeshulnsien agralsfin
FINNANITNARDITZAD CGAWVO 280 4% insedufimunzani iduunaandsmmaundinalnaly
aadnd i TnalifinansznusielBunomsinlivesinguie nsdeslfaeclnmme Usnnanisfinls
ypslnmnsiitos Hlue1mis nszuannandnTunsznzgee ananesulpsien uaznistidsslam

N G PTG AR ]
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uni 5

ﬂfgﬂwﬂm‘mm@m

A9ANE NAPRINAEEEUALANNUNTHRATH WA (crude glycerin from waste vegetable o,
cowvo) siannstidselamiliaaslnguy nsvuauniandn uazangaulasiaunsuny inazinlig

[ % a

wihmsnatunsimwinalulagiomsuny Tnaendadngivamisifiegwissfuieiinlsy@nsnmn

o

Tumstiuszlemd annisidetuessilanmnsasqUnisafiunmeasslagson s i

5.1 AMANTANNNILNIN UAZN9LARIB9 CGWVO

ADIEATANIINIEAIN UWazniAfians COWVO wudn COWVO Aititunamaassassiiidnuns
durpamnan (use) Tign Sdimadin dark brown) Teefidnd L*, o* uay b* wlswindy 19.97,
22.33 Uy 28.68 ATHAGL Lﬁ'@ﬁmimﬁ@mﬂ'qmqfﬂ%mmiﬂm CGWVO WudnRAeAsaeAansa
199u Tusfugan Toiugan waswa9ausau (GE) winfiu 13.93%, 7.41%, 0.03%, 47.78% U@y
6,290.83 kcalkg MIHATAL Lmzﬁmmfﬁ'wmm@; Na, Ca way P winfiu 0.47, 0.0053 waz 0.0022%
ATHATAL Lmzﬁmumﬁm:ﬂ@uﬁw] 289 CGWVO NUANFANRA99INALTDAUIINYINTL 63.42% 13
NUBR 4.38% N3AATHBATE 0.71% ANANATA-ATE 9.57, MONG 5.24% AANEIN91NNL 1.07 WAz

ATAINHNIHA 11.75

5.2 MsAnuINsdauli nsvuaunisnn uazangaiulnsianluune

HA2D4BINSTIRTEAY COWVO TugmsanmanasLaEasinefii (0, 2, 4 WAL 6 % AINAAL)
ANAeL) wodianangatl CoWvo Tugmsamnsunslifissiy 0-4% Tnelifinanszusetdsnninis
Auanmanianna lngsaneasamng aaeneuANUsAnanstasld (DM, OM, CP, EE, NDF, ADF) #n
ariunam-Ang (oH) nglaa BHBA uaz PCV tunszuaiden Usznaq@nvadunazinnzgisw nsle
Ustlomfanstulpgiaubuune aouei Auanluile -Tulnsian (NH-N) uazAmasidindiuansgFe -
Tulpsianlunszusidon (BUN) wudnfiaanaunnsinedu uifidnfies hunasifiunaluune defanson
naiagnulasesszAuangan nudiArangaulunssusdanfinoauansieiu Tnenguiilisy
CGWVO fiszd 0% RAnsnndnguiilisy CoWvo =y 4% wdldflanuuansineiulunguilisy
CGWVO 521 2, 4 Uaz 6% 2ouedt anmaanslilnaian uazmstistlomiansiulnsieaniidndnuanty
UNEYNNAHN

NHANTNARDIASIALEA ALY an1a0ld COWVO uumasnassmaunitinalne by
graamaune sz 0-4% Tnelifinanssnusiaudsinnnisiulfivasinquits nisdeslivaslnme
UsnasnnsinlFuaslnmnsidenliluams nasuuniaminTunsuinazgun aunaeesulnsen uas
matiuszlamizashulngian usasi COAVO figendn 4% fnanszsnuseBunanisinliosndass

nasiasldaaslnauey waridunonisfiulfaesinausfidas (Fuainiseasune
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agnelafinnn ArsfinaRnYINaYIeMNSTIRTZAL CGWVO THgRIpmIsunsaw vEaunEanus

Tuszeizeingg tuannozmsideseeanenns sell Inswewiznasianmningin HWe uazimm i
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Feed intake and serum metabolite of goats fed crude glycerin from waste
vegetable oil

Chanjula, P*, S. Pongprayoon® & S. kongpan*
!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 difference (p>0.05) among treatment
groups regarding daily DMI (total DMI, % BW, and g/kg BW®®), 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 Qil 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 morning 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° 3.27° 3.25° 2.80° 0.05

DMI, g/kg W™ 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 77.72 79.38 3.78

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

BHBA, mg/dL 4.60 5.06 4.66 473 0.42

PCV, % 32.12 31.13 30.62 32.37 0.58

*PMeans 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 Native@Anglo Nubian) goats,
with an average initial weight of 31.5+1.90 kg, were randomly assigned according to a 4[4 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, NH3-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
CGWVO 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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e Feeding CGWVO at 4% DM did not adversely affect on intake, digestibility, rumen
fermentation and N utilization.

e Increasing CGWVO at 6% DM was slightly lower DMI, digestibility, and N
utilization.

e CGWVO can be included in diet up to 4% DM.

e CGWVO are attractive for goat diets which may constitute an economical and
effectively used as an alternative energy source.
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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, NH3-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 CGWVO 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.

Keywords: By-product, Crude glycerin from waste vegetable oil, Ruminant, Goat
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1. Introduction

Because of rising corn costs, alternative feed sources such as glycerin or glycerol
(HOCH2CH(OH)CH,0OH) have become a major focus for the livestock production
(Studekum, et al., 2008). Crude glycerin (CG) is the main co-product generated in the
production of biodiesel resulting from the formation of methyl esters of fatty acids from
triglycerides. Most biodiesel feedstocks are derived from vegetable oils, first-use animal fats
and waste greases (Thompson and He, 2006). Rapid growth in biofuel production of Thailand
has led to increasing feedstocks of CG with a subsequent price reduction making glycerin a
potential high energy feed source for ruminants (Avila-Stagno et al., 2011; Frangozo et al.,
2013). CG has been widely reported to be a viable energy source for cattle (Parsons et al.,
2009; Mach et al., 2009; Ramos and Kerley, 2012; Hales et al., 2013), sheep (Gunn et al.,
2010a,b), and goats (Chanjula et al., 2014, 2015). The inclusion of glycerin in ruminant diets
modifies the ruminal acetate: propionate ratio due to the increase of propionate levels
(Drouillard, 2008). Similarly, AbuGhazaleh et al. (2011) reported that CG was an appealing
byproduct in feedlot diets because it was primarily converted to propionate in the rumen and
act as a precursor for glucose synthesis. Recent efforts had evaluated the effects of the
inclusion of CG (above 86% of glycerol) in diets on feed intake, performance, carcass, and
meat quality traits of sheep with acceptable inclusion of 15%, 21%, and 12% DM,
respectively (Avila-Stagno et al., 2013; Gunn et al., 2010a; Meale et al., 2013). Most of the
CG used in those studies were derived from vegetable oils (first-use oil) of castor bean,
soybean, cottonseed, sunflower, rapeseed, canola, and palm oil.

At present, a limit number of studies have evaluated the effects of CG originated from
waste vegetable oils (CGWVO) that (second-use oil) contaminated with high crude fat
contents in diets fed to animal diets. Thompson and He (2006) mentioned that nutritional data

generated for the glycerin of the first-use oil samples showed that it was mostly carbohydrate
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and could reasonably be mixed with high protein meal and used as a feed supplement. They
also observed that giving the higher fat content of CGWVO could be used as a supplement
for energy or fat in animal diets particularly in goats. Authors hypothesized that CGWVO
containing 63.42% of glycerol and 47.78% of crude fat in dry matter (DM) basis might be
used as an energy source in diet of goats at concentrations up to 6% on DM basis without
compromising intake, digestibility, rumen fermentation, nitrogen balance of goats. Therefore,
the objectives of this study were to evaluate the effects of CGWVO on feed intake,
digestibility, ruminal fermentation characteristics, and nitrogen utilization while establishing

an optimal feeding amount in goat fed diets containing corn grain.

2. Materials and Methods
All procedures involving animals were approved by the Ethical Principles for the Use
of Animals for Scientific Purposes of the National Research Council of Thailand (NRCT) for

the metabolism study and finishing study.

2.1. Animals, treatments, and experimental design

Four male crossbred (Thai Native x Anglo Nubian) goats at ages about 12 months old
and 31.5+1.90 kg body weight (BW) were randomly assigned according to a 4x4 Latin
square design to investigate the effects of CGWVO on feed intake, digestibility, ruminal
fermentation characteristics, and nitrogen utilization. The dietary treatments consisted of 0, 2,
4, and 6% of CGWVO (DM basis) by replacing corn grain that were formulated to be
isonitrogenous at 16% DM of CP and isocaloric at 2.7 Mcal/kg DM (on a ME basis) to meet
or exceed the NRC (1981) requirements of a growing goats. The ingredients and determined
chemical composition of the components of each diet are presented in Table 1. The CGWVO

used in this study originated from waste vegetable oils of rice bran, soybean, palm oil, and
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sunflower. CGWVO was produced by methylic route and obtained from the Faculty of
Engineering, Prince of Songkla University, Songkhla Province, Thailand. The composition of
the CGWVO is presented in Table 2.

All goats were kept individually in ventilated pens under well-ventilated sheds where
water and mineral salt were available at all the 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 the respective diets for ad libitum intake, whereas during the last 7 d, the animals
were moved to metabolism crates for total collection. During the experimenting time, goats
were restricted 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 DM, refusals were collected and weighed daily before feeding.

2.2. Data collection and sampling procedures

Feed samples obtained each time were oven dried at 60°C for 72 h and grounded to
pass through a 1-mm sieve using a Cyclotech Mill (Tecator, Sweden), and composited by
period on an equal weight basis for further analysis. Goats were individually weighed before
the morning feeding at the beginning and end of each experimental period. Urine and fecal
samples were collected from the total collection of each individual goat on each treatment
during the last 7 days of each period in the morning and at afternoon feeding. Composited
samples were dried at 60°C, grounded (1-mm screen using Cyclotech Mill, Tecator), and
analyzed for DM, ether extract, ash, CP content (AOAC, 1995), and NDF, ADF and ADL
(Van Soest et al., 1991). NDF was analyzed without a-amylase, and the value of NDF and
ADF were expressed inclusive of residual ash. Non-fibrous carbohydrate (% in the DM) was

calculated as: 100 — (CP + NDF + ether extract + ash) (Mertens, 1997). Digestion coefficients
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were calculated. Urine samples were analyzed for urinary N using the Kjeldahl procedure
described by the AOAC (1995) and were calculated for N utilization.

At the end of each period, ruminal fluid was collected from all goats by using a
stomach tube at 0 and 4 h-post feeding during the digestibility trial. This was strained through
4 layers of cheese cloth and pH was measured immediately by using a pH meter (HANNA
instruminalts HI 98153 microcomputer pH meter, Singapore) fitted with a combined
electrode. The ruminal fluid was then acidified with 3 mL of 1 M H,SO, added to 30 mL of
ruminal fluid. The mixture was centrifuged at 16,000xg for 15 min, and the supernatant was
stored at —20°C before NH3-N analysis by using the micro-Kjeldahl methods (AOAC, 1995)
and VFA analysis by using HPLC (Samuel et al., 1997). The concentration of methane
production was calculated from VFA composition according to Moss et al. (2000) as: CH4
production = 0.45(acetate) - 0.275(propionate) + 0.4(butyrate).

Blood samples (about 10 mL) were collected from a jugular vein (at the same time as
ruminal fluid sampling) into tubes containing 12 mg of EDTA, and plasma was separated by
centrifugation at 2500%g for 15 min at 5 °C and stored at —20 °C until analysis. Plasma urea
nitrogen, plasma glucose, insulin, BHBA, and packed cell volume (PCV) were measured by
using commercial kits (No. 640, Sigma Chemical Co., St. Louis, USA). On the last day of
each period, the goats were removed from the metabolism crates and transported to their

individual pens for the adaptation of the next diet.

2.3. Statistical analysis

Statistical analyses were performed by using the GLM procedure (SAS Inst. Inc.,
Cary, NC). Data were analyzed by using the model Yijk = p + M; + Aj + Py + gij,where Yij =
observation from animal j, receiving diet i, in period k; p = the overall of mean; M; = the

mean effect of CGWVO concentration (i = 1, 2, 3, 4); A; = the effect of animal (j = 1, 2, 3, 4);
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P« = the effect of period (k = 1, 2, 3, 4); and ¢k = the residual error. Treatment means were
statistically compared by the New Multiple Range Test of Duncan (Steel and Torrie, 1980) to
identify differences between means. Significant differences were declared if P<0.05.
Orthogonal polynomial contrasts were used to estimate the effect of CGWVO supplement

level.

3. Results and Discussion
3.1 Chemical composition of feeds

The ingredients and chemical compositions of the experimental diets and CGWVO
are presented in Table 1 and Table 2. Experimental diets contained similar concentrations of
DM, OM, CP, NFC, ADF, and ADL but varying amount of EE and NDF among those diets.
Diets were formulated to be 16% CP (DM basis). Slightly greater concentrations of CP in
DM offered may have been greater than expected CP levels in some ingredients (Table 1).
Amount of EE had a slightly higher as the level of CGWVO increased in the diets, ranging
from 1.95-6.06%, whereas NDF content decreased as proportion of CGWVO in diets
increased due to feeding less corn grain, ranging from 40.26 to 46.08% DM, respectively.
The differences among concentrate mixed diets in EE and NDF concentrations can be related
to differences in the ingredients used in diet formulation (Table 1) especially a high content
of EE in CGWVO (47.78%) (Table 2). The CGWVO used in the present digestion trial was
produced from waste vegetable oils contained 63.42% of glycerin, 47.78% of EE or fat,
0.47% of sodium, 4.38% of methanol, and less other compounds. The potential problematic
compound in CGWVO is methanol. Methanol toxicity in humans and animals is
characterized by central nervous system depression, weakness, headache, vomiting,
metabolic acidosis and optic disc oedem with the clinical consequences being blindness

and/or Parkinsonian-like motor disease (Dorman et al., 1993). Methanol concentration can
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vary widely according to the manufacturing processes and should be monitored. However,
the high-risk to health associated to methanol consumption due to inclusion of CG in diets of
ruminant animals is not expected since methanol is naturally produced in the ruminal
environment as a result of pectin digestion (Pol and Demeyer, 1988). These authors had
demonstrated that a continuous infusion of methanol (1 mol L™) at a rate of 10 mL h™* into
the rumen of ovine was completely converted to methane. Moreover, based on the
experimental data, no goats demonstrated clinical symptoms of methanol toxicity in the
present study even though the diet with 6% of CGWVO would contain 0.113% methanol

which assumed that all methanol in the CGWVO remained in the feed.

3.2. Intake and nutrient digestibility

The effects of CGWVO substitution of corn grain in the diets on feed intake and
apparent digestibility of goats are presented in Table 3 and 4. Overall mean feed intakes for
the four diets in terms of total DMI (%BW and g/kg BW"), OMI, CPI, NDFI, and ADFI
were significantly affected (P<0.05) by levels of CGWVO; goats receiving 6% of CGWVO
had lower daily DMI (%BW and g/kgBW") and nutrient intake (OMI, CPI, NDFI, and
ADFI) than those fed on 0, 2, and 4% of CGWVO. Similar to this study, the research by Lage
et al. (2014) also reported DMI and performance were not altered when lambs were fed
concentrate containing of CG with high fat and methanol (46.5% of lipids and 8.7% of
methanol) up to 3% DM basis, but a linear decreased in DMI and performance when CG
increased from 6 to 12% DM. Likewise, nutrient (DM, OM, CP, NDF, and ADF) digestibility
was affected (P>0.05) by inclusion of CGWVO in the diets; goats receiving 6% of CGWVO
had lower nutrient digestibility than other those fed on 0, 2, and 4% of CGWVO. Whilst
apparent digestibilities of EE when feeding CGWVO tended to be greater in EE digestibility

when compared to diets in which CGWVO replaced by corn, but the difference was not
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statistically significant. Probably, as a result of higher EE intake as levels of CGWVO
increase a in the diets compared with the diets with 0% of expected CGWVO. This is
supported by previous studies (Pyatt et al., 2007; Parsons et al., 2009; Ramos and Kerley,
2012). Most of the studies regarding the evaluation of inclusion of CG in diets of ruminant
animals (Mach et al., 2009; Avila-Stagno et al., 2013) had used CG with concentrations of
fatty acids and methanol lower than 1%. In the present study CGWVO had 47.78% of lipids
and 4.38% of methanol. However, the high-risk to health associated to methanol consumption
due to inclusion of CG in diets of ruminant animals was not expected since methanol was
naturally produced in the ruminal environment as a result of pectin digestion (Pol and
Demeyer, 1988; Tudisco et al., 2015). These authors had demonstrated that a continuous
infusion of methanol (1 mol L ™) at a rate of 10 mL h™* into the rumen of ovine was
completely converted to methane.

The greater concentration of lipid in diets with the higher concentration of CGWVO
was likely to be the main factor that contributed for a reduction of DMI and nutrient
digestibility. 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; NRC, 2001; Landau et al., 2008). The study observed that EE content had
6.06% in diet containing concentration 6% of CGWVO higher than 4% of CGWVO. Lipids
represent a potential stimulator of cholecystokinin (which is an appetite suppressant through
the gastric emptying inhibition (Moran and McHugh, 1982). High lipid diets increase plasma
levels of cholecystokinin while the decrease of passage rate of the digesta increases the
reticulo-rumen distention leading to a stimulation of cholecystokinin receptors in these
gastrointestinal compartments (Allen, 2000) reducing appetite consequently. According to
Czerkawski (1972), the fatty acids may reduce the nutrient digestibility in the ruminal

environment and thus reduce the dry matter intake. Jenkins (1993) reported that inclusion of
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lipids in ruminant diets could negatively affect the NDF digestibility and animal
performance. Moreover, glycerol supplementation affects negatively the digestion of the
more fibrous fraction of the feed (Schroder and Sudekum, 1999; Siidekum, et al., 2008;
Krueger et al., 2010). Thus, the association of CGWVO with higher content of crude fat in
diets decreased the DMI and digestibility by the animals. Indeed, substituting corn with high
levels of glycerin was reported to adversely affect ruminal fermentation through reducing
fiber digestion, acetate production, and bacterial populations (Abo EI-Nor et al., 2010).
However, the study remains unclear whether this was due to the dietary treatment. Moreover,
Roger et al. (1992) demonstrated that introducing glycerol to the ruminal environment
reduced cellulolytic activity of ruminal bacteria. Paggi et al. (2004) also reported that
digestibility of other substrates in the diet might be inhibited with the inclusion of glycerol in

an in vitro environment.

3.3. Ruminal fermentation characteristics and methane production

Ruminal parameters were measured for pH and NHs3-N. In addition, BUN was
determined to investigate the relationship with ruminal NH3-N and protein utilization. The
patterns of ruminal fermentation are given in Table 5. Ruminal pH and NH3-N were not
changed by dietary treatments in this study, indicating no specific effect of the inclusion of
CGWVO, except for 6% of CGWVO, NH3-N was lower (P<0.05) than for the diets 0% of
CGWVO. The difference between the diets 0, 2, and 4% of CGWVO were not significant.
Similarly, Wang et al. (2009) reported that supplementing steers with glycerol (200 or 300
g/d) had a tendency to decrease pH and NH3-N content (p = 0.05 and p = 0.03, respectively).
The decrease in NH3-N in the ruminal of CGWVO might be the reduction of proteolytic
activity of ruminal microorganisms, which Paggi et al. (1999) revealed that adding CG

reduced proteolytic activity by 20% when concentrations of CG in the medium. However,
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ruminal pH in the present study was within the optimum range for cellulolytic bacteria
activity (Russell and Wilson, 1996) and also digestion of protein (6.0-7.0). Concentration of
ruminal NH3-N was higher than 5 mg%, which is the optimal level of NH3-N for microbial
protein synthesis in mixed culture in a close system (Satter and Slyter, 1974). Moreover, the
ruminal NH3-N concentrations in all animals were closer to optimal ruminal NH3-N (15-30
mg%, Perdok and Leng, 1990) for improving microbial protein synthesis and digestibility and
feed intake. Conversely, the lack of effects of CG inclusion on pH and NH3-N was reported
when diet containing different contents of glycerin to lambs (Abo El-Nor et al., 2010) and
beef cattle (Mach et al., 2009). Likewise, BUN concentrations were similar among
treatments, except for 2% of CGWVO when BUN was higher (P<0.05) than for the diets 0%
of CGWVO, while the differences among the diets 0, 2, and 4% of CGWVO were not
significant with ranging from 20.18 to 25.86 mg/dL. This was close to the optimal level in
normal goats which had been reported in the range of 11.2 to 27.7 mg/dL (Lloyd, 1982).

The effects of the treatment diets on VFA profiles are presented in Table 4. No
differences were found on mean total ruminal VFA concentration, molar proportions of
butyrate, and other VFA (isobutyrate, isovalerate, valerate, and caproate) whereas molar
proportions of acetate and propionate were affected (P<0.05) by CGWVO level. The molar
proportion of acetate linearly decreased (p, L = 0.05) whereas propionate was linearly
increased (p, L = 0.01) with increasing CGWVO supplementation. In consequence, the ratio
of acetate to propionate was linearly reduced and was the lowest with the 6% of WVO
relative to the 0% of WVO diet similar among other diets. In agreement to these results,
previous studies (DeFrain et al., 2004; Trabue et al., 2007) had reported that animals
supplemented with glycerol had greater ruminal molar proportions of propionate with a
decreased ratio of acetate to propionate than non-supplemented animals. This is likely that

CGWVO underwent ruminal fermentation to propionate is similar to a fermentable
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carbohydrate source. Previous studies had showed that glycerol was mostly fermented into
propionate (Bergner et al., 1995). Additionally, drenching cows with 1 kg of glycerol (Linke
et al., 2004) or supplementing steers with glycerol (200 or 300 g/d; Wang et al., 2009) had
been shown to increase ruminal propionate relative to control (no glycerol). The increase in
propionate formation from the fermented glycerol used in this study may have offset any
reduction in propionate. Moreover, the reduction in the molar proportion of acetate and
acetate to propionate ratio was probably due to the reduction in NDF digestibility (Tudisco et
al., 2014, 2015). Several studies reported that reduction in NDF digestibility has also
mentioned reductions in acetate concentration and acetate to propionate ratio (Ribeiro et al.,
2005; Castillejos et al., 2006; Abo EI-Nor et al., 2010). Likewise, CH, production was
linearly decreased (p, L = 0.01) with increasing CGWVO supplementation. The change of
CH, concentration in the rumen is consistent with the reduced acetate: propionate when
feeding CGWVO. Similarly, Lee et al. (2011) reported a reduction of the A:P ratio with an
associated reduction in in vitro CH, production after the supplementation of alfalfa hay and
corn grain with glycerin. Lee et al. (2011) suggested that although the fermentation of
glycerin did not necessarily result in the formation of a H, sink, glycerin was be able to
promote a shift in carbohydrate fermentation from the production of acetate to propionate.
The shifting might affect the overall electron balance in the ruminal and reduce the

availability of hydrogen for methane formation.

3.4. Nitrogen utilization

Whole body N data are presented in Table 7. Total N intake and total N excretion in
terms of fecal and urinary N were similar (P>0.05) between control diet and CGWVO
inclusion in diets, except for 6% of CGWVO, total N intake was lower (P<0.05) than among

treatments. The difference among the diets 0, 2, and 4% of CGWVO were not significant.
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This pattern of fecal and urine excretion is indicative of the extremely high N intake for goats
fed diets containing of CGWVO. This could be explained by the fact that excess ruminal
NHs3-N was absorbed and excreted in the urine in the form of urea (Nolan, 1993).
Additionally, Cronje (1992) found that inadequate energy reduced the percentage of N
retention in goats fed adequate levels of protein, and that N recycling increased as the supply
of energy increased.

Likewise, the amount of N absorption and retention were similar among treatments
except for 6% of CGWVO, 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. It is now well
established that N retention depends on the intake of N or amount of fermentable
carbohydrate of the diet (Sarwar et al., 2003; Calabro et al., 2012). In this regard, however,
the positive N balance observed in this study indicated the positive influence of different
CGWVO replacement of corn grain in the diets with TMR based feeding of goats. Although
the differences in the quantity and routes of N excretion with consequent influences on N
retention could reflect treatment feed differences in N metabolism, in which N retention was
considered as the most common index of the protein status of ruminants (Owens and Zinn,
1988). Data from the present study indicated that up to 4% of CGWVO could be fed in a
TMR without negatively affecting feed intake, digestibility, nitrogen balance, and animal

performance.

4. Conclusion

Based on the results of this experiment, substituting corn grain with CGWVO up to
4% of DM in the diets of goats had no effect on feed intake, apparent digestibility, ruminal
fermentation patterns, and N utilization when compared to control group. However,

increasing CGWVO levels at 6% DM would result more in a slightly lower daily DMI,
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apparent digestibility, and N utilization than in those goats fed on 0 to 4% of CGWVO. Thus,
in the case of competitive price, CGWVO may be effectively used as an alternative energy
source to substitute for cereals in the diets of goats. Further research and long-term studies
should be conducted to validate the effects of supplementing of CGWVO on growth
performance, carcass characteristics, and meat quality in finishing goats to determine the

optimal feeding rates in dairy goats.
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Table

1 Table 1.

2 Ingredient proportion and chemical composition of the experimental diets.

Dietary CGWVO, % DM

Item T1 T2 T3 T4

Ingredients, %

CGWVO! 0.00 2.00 4.00 6.00
Ground corn 43.00 41.00 39.00 37.00
Soybean meal 20.93 21.56 21.83 22.78
Fish meal 1.00 1.00 1.00 1.00
Leucaena leave meal 4.87 4.24 3.50 3.02
Plicatulum hay 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

Analyzed nutrient content®, % DM

DM* 95.13 95.77 95.97 94.69
Ash, %DM 5.32 5.57 5.62 5.98
OM, %DM 94.68 94.43 94.38 94.02
CP, %DM 16.65 16.67 16.49 16.51
EE, %DM 1.95 3.61 4.71 6.06
NFC, %DM 30.00 29.90 32.92 30.43
NDF, %DM 46.08 44.25 40.26 41.02
ADF, %DM 19.36 18.13 18.41 18.00
ADL, %DM 6.63 5.50 5.59 5.46

ME*, Mcal/kg DM 2.65 2.66 2.67 2.67
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Contained 63.42% glycerol, 13.93% water, 0.47% sodium, and 4.38% methanol (Colorless, odorless, viscous
liquid obtained from Specialized Research and Development Center for Alternative Energy from Palm Qil and
Oil Crop, Faculty of Engineering, Prince of Songkla University, Hat Yai Campus, Songkhla Province, 90110,
Thailand.

“Minerals and vitamins mixs (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: 0.1 g; Cu: 10 g; Se: 0.1 g; 1: 0.5 g.

®Based on analysis of composite feed sample.

‘DM = Dry matter; OM = Organic matter; CP = Crude protein; EE = Ether extract; NFC = Non-fiber
carbohydrate; NDF = Neutral detergent fiber; ADF = Acid detergent fiber; ADL = Acid detergent lignin;
Metabolizable energy (ME) = TDN x 0.04409 x 0.82 (NRC, 1981).

“Calculated with an estimated ME for glycerol of 3.47 Mcal/kg of DM. (Mach et al., 2009).
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Table 2.
Physical-chemical composition of crude glycerin from waste vegetable oil (CGWVO" ?) included in

the experimental diets.

Items Content Analytical method
Glycerol, % 63.42 ASTM D 6584-00E01, titration assay
Methanol, % 4.38 Gas chromatography
Water, % 13.93  AOAC? method 984.20
Crude protein®, % 0.03 AOAC method 990.03
Ash*, % 7.41 AOAC method 942.05
Ether extract*, % 47.78  AOAC method 920.39 (A)

Gross energy, kcal’kg 6,290.83  Adiabatic bomb calorimeter

Sodium®*, % 0.47  AOAC methods 956.01, 9.15.01
Calcium®, % 0.0053 AOAC method 2.019, 9.15.01
Phosphorus*, % 0.0022 AOAC method 2.019, 2.095-7.098

Viscosity (cs) at 40°C  11.75  Viscometer (MJ 800S), ASTM D445

pH 9.57 Orion 230A pH meter with 9107 BN probe, (ISO 12185)

1 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.

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

¥ AOAC (1995).

* Notes: Expressed as a percentage of crude glycerin DM.
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Table 3.

Effects of dietary CGWVO on feed intake and nutrient intake of goats.

Item Dietary CGWVO, % DM SEM® 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° 0.2 0.23 0.10 0.89
DMI, %BW 3.12° 3.27* 325" 280" 0.05 0.05 0.01 0.57
DMI, g/kg W°™ 76.05° 79.79° 75.22* 68.74° 121 004 <001 058
Nutrient intake, kg/d
OMI, kg/d 1.027° 1.082° 1.065° 0.936° 0.02 0.24 0.10 0.87
CPI, kg/d 0.185* 0.192° 0.190* 0.167° 0.003  0.22 0.15 0.81
NDFI, kg/d 0.557* 0.588° 0.576* 0.505" 0.01 0.23 0.11 0.91
ADFI, kg/d 0.215® 0.217*° 0.208" 0.186° 0.002  0.08 0.33 0.98
BW change, kg/d 0.135 0.130 0.142 0.105 0.02 0.58 0.60 0.63
BW change, % 8.27 7.80 8.63 5.95 161 0.50 0.58 0.61

¢ 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 Compares the effects of 0% glycerin with the combined glycerin treatment.

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

Effects of dietary CGWVO on nutrient digestibility of goats.

Item Dietary CGWVO, % DM SEM’ Contrasts, P-value®
0 2 4 6 L Q C
Apparent total tract digestibility, %
DM 72.79® 76.75° 76.13* 68.33° 1.88  0.17 0.02 0.79
oM 75.01* 78.83* 78.70° 71.03"° 2.03 0.24 0.02 0.72
CpP 76.09® 77.93* 77.14° 70.58° 1.59 0.07 0.05 0.72
EE 69.90 7541 76.22 7694 1.96 0.04 0.29 0.64
Ash 4407 49.98 44.07 4207 2.29 0.49 0.31 0.37
NDF 64.73* 67.21° 66.34 5573 224 0.04 0.03 0.61
ADF 46.36™ 51.37° 48.05* 39.33° 2.38 0.07 0.03 0.82
ADL 2753 26,57 26.03 2229 1.76 0.23 0.63 0.78
Digestible nutrient intake, kg/d
DOM 0.768* 0.852° 0.837* 0.655° 0.02 0.05 <0.01 0.69
DCP 0.141* 0.150° 0.147° 0.118" 0.01 0.04 0.02 0.71
DNDF 0.360° 0.393* 0.382* 0.279° 0.18 0.01 <0.02 0.56
DADF 0.100* 0.111° 0.100* 0.074* 0.11 0.04 0.06 0.84
DEE 0.015° 0.030° 0.043* 0.045° 0.05 <0.01 0.01 0.32
Estimated energy intake?
ME Mcal/d 2.92°  324* 318 249" 045 0.05 0.01 0.70
ME Mcal/lkg DM 2.64®° 278 2.77° 248" 0.38 0.17 0.01 0.69

*> 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 Compares the effects of 0% glycerin with the combined glycerin treatment.

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

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

® DOMI = Digestible organic matter intake.
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* DOMR = Digestible organic matter fermented in the rumen.
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Table 5.

Effects of dietary CGWVO on rumen fermentation characteristics of goats.

Item Dietary CGWVO, % DM SEM® Contrasts, P-value

0 2 4 6 L Q C
Ruminal pH
0 h-post feeding 6.39 636 627 616  0.09 0.07 0.61 0.88
4 h-post feeding 6.17 6.06 613  6.03  0.07 0.30 0.97 0.30
Mean 628 621 620 6.09 017 0.09 0.91 0.70
NH;-N, mg/dL
0 h-post feeding 21.04 20.36 19.64 20.00 0.57 0.50 0.65 0.96
4 h-post feeding 22.86° 21.43* 21.43* 20.71° 0.54 0.31 0.80 0.73
Mean 21.95 20.89® 20.53® 20.36° 0.39 0.38 0.69 0.90
BUN, mg/dL
0 h-post feeding 21.40 2447 2490 21.87 1.35 0.83 0.14 0.92
4 h-post feeding  20.87° 27.25° 23.07° 23.80° 0.95 0.38 0.02 0.05
Mean 21.18" 25.86* 23.98" 22.84® 0.89 0.44 0.06 0.21

*> 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 Compares the effects of 0% glycerin with the combined glycerin treatment.

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



Table 6.

Effects of dietary CGWVO on volatile fatty acid profiles in goats.

Item Dietary CGWVO, % DM SEM? Contrasts, P-value®

0 2 4 6 L Q C

Total VFA, mmol/I

0 h-post feeding  61.60 65.02 63.83 56.70 2.76 0.53 0.28 0.97
4 60.29 66.97 6850 61.29 3.33 0.79 0.06 0.80
Mean 60.67 66.00 66.18 5892 2.75 0.73 0.08 0.87

Proportion of individual VFA, %

Acetate (C,)
0 h-post feeding 62.89 6257 60.04 5410 3.30 0.07 0.40 0.93
4 63.30 58.36 5397 5318 3.19 0.03 0.54 0.84
Mean 63.10* 61.57* 58.94® 53.44° 158 0.01 0.42 0.88

Propionate (Cj)

0 h-post feeding  22.36" 23.68° 26.30" 32.22° 201  <0.01 0.24 0.81
4 21.03 2519 3169 2750 4.49 0.21 0.35 0.51
Mean 21.69° 24.43™ 29.00® 29.86° 1.49  <0.01 0.59 0.49
Butyrate (C,)

0 h-post feeding  11.98 1130 1058 10.71 2.15 0.65 0.85 0.93
4 1346 1419 11.84 1658 1.95 0.38 0.26 0.21
Mean 1272 1274 1121 1364 151 0.83 0.37 0.36
Other VFA*

0 h-post feeding 275 244 305 298 0.29 0.38 0.71 0.29
4 220 247 248 273 045 0.42 0.97 0.80
Mean 248 246 277 286 043 0.34 0.83 0.56

Acetate:propionate ratio

0 h-post feeding  2.86° 2.66® 2.37® 171° 027 <0.01 0.38 0.82
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4 3.06 253 190 218
Mean 2.96° 2.60° 214" 1.95
Methane, mol%

0 h-post feeding  26.94° 26.16° 24.02* 19.77°

4 28.09 2501 23.00 20.30

Mean 27.51* 2559® 2216 21.39°

0.37

0.13

1.55

0.41

1.03

0.09

<0.01

<0.01

0.17

<0.01

0.33

0.68

0.23

0.37

0.66

0.57

0.68

0.90

0.53

0.48

#¢ 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).

* Sum of isobutyrate, isovalerate, valerate and caproate.

® CH, = (0.45 x acetic acid) - (0.275 x propionic acid) + (0.40 x butyric acid) (Moss et al., 2000).
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Table 7.

10

Effects of dietary CGWVO on nitrogen utilization of goats.

Item Dietary CGWVO, % DM SEM® 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  0.22 0.15 0.81
N excretion, g/d
Fecal N 7.15 6.80 6.94 797 043 0.47 0.39 0.91
Urinary N 7.00 7.61 5.47 6.80 1.58 0.64 0.78 0.30
Total N excretion 1416 1441 1241 1477 191 0.98 0.52 0.37
Absorbed N 2257* 24.06* 2353* 18.89° 085  0.05 0.02 0.70
Retained N 1556 16.45 18.06 12.09 2.12 0.38 0.14 0.41
N output (% of N intake)
Absorbed 76.09® 77.93* 77.24* 7057° 1.62 0.07 0.05 0.70
Retained 5225 5249 59.04 4480 6.57 0.55 0.23 0.31

*> 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 Compares the effects of 0% glycerin with the combined glycerin treatment.

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