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ABSTRACT

Crude glycerin, an inexpensive biodiesel by-product, can be used for many purposes.
In terms of animal production, crude glycerin can be substituted to corn as an energy source in
many feed formulation such as swine, cattle, goats, layer and broiler feed. However, quality of
crude glycerin used in animal feed is not constant because of it is depending on the type and
quality of the materials that are used in the biodiesel production. In this study, crude glycerin
from biodiesel production was supplemented into the diets and the effect of crude glycerin
supplementation on growth performance, carcass characteristics and feed cost of broiler
production were determined.

Four hundred one day old males Cobb500 with 44.38+23 g of initial weight were allotted
to receive five treatment diets according to a completely randomized experimental design (CRD).
Each treatment was separated into four replicate of 20 birds each. Birds were reared in
evaporative cooling house for 42 days. They were offered food and water ad libitum during the
entire experimental period. On the 3rd and 6th week of age, eight birds per treatment were
sampled and sacrificed for the determination of carcass characteristics. Data were analysed by
using analysis of variance whereas the differentiations of means were determined according to
Duncan’s new multiple range test (DMRT).

From the results, during the age of 1 to 21 day old, the birds which received all diets with
crude glycerin supplementation had significantly lower feed intake, gain weight and ADG than
those which received the control group (P<0.05). At 22-42 day age, no significant difference was
found in feed intake, FCR, ADG and weight gain (P>0.05) between birds fed on control diet and
birds fed on diets supplemented with crude glycerin.

In terms of carcass characteristics, broilers at three weeks old that received a diet

supplemented with all levels of crude glycerin had lower muscle and fat percentages than that of
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control group (P>0.05). They also had lower retail parts (breast, fillet, wing and thigh) than which
received a control diet (P>0.05). However, those which received either control or crude glycerin
supplemented diets had similar carcass and bone percentages (P>0.05). In addition, there were no
significant difference in organs, whole fat and some retail parts (drumstick, head and neck)
percentages (P>0.05). At 42 day old, the glycerin supplemented groups was significantly lower in
bone, skin and some retail parts (breast and thigh) percentages than those which received a control diet
(P<0.05). Nevertheless, broilers which received all treatment diets had similar percentages of muscle
and some retail parts (fillet, wing, drumstick, head and neck) (P>0.05). Considering some physical
characteristics of the breast muscle (m. Pectoralis major), neither age of broiler in either control

or supplemented diets groups showed any significant difference in pH,, pH,,, CIE color system

2
(L*, a and b*),shear force,drip loss and cooking loss values (P>0.05).

In terms of feed cost for 42 days of experiment, broilers fed 0, 2.5, 5, 7.5 and 10% crude
glycerin supplementation werel01.37, 98.53, 98.54, 93.26 and 84.87 Baht per bird,
respectively.When feed cost per bird was calculated, the birdwhich received a diet with 10% of
crude glycerin supplementation showed the lowest cost (84.87 Baht/bird) while birds which
received the control diet (0% of crude glycerin) showed the highest feed cost per bird (101.37

Baht/bird).
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Glyceraldehyde-3-phosphate Triosephosphate Dihydroxyacetonephosphate

ﬂ isomerase ﬁ

Glyceraldehyde-3-phosphate
4 Y phosp Dihydroxyacetone phosphate
NAD"Pi ? IGlyceraIdehyde-3-phosphate
+ NADH*
NADH+H dehydrogenase
1,3-biphosphoglycerate NAD
ADP Phosphoglycerate kinase
ATP a-Glycerophosphate
3-biphosphoglycerate
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@ ATP
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I Enolase
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Analysis s

Total glycerin,% 86.95

Methanol,% 0.028

pH 5.33

Moisture,% 6.63

NaCl,% 3.13

Ash,% 3.19

Total fatty acid,% 0.29
Analysis 2

Moisture,% 9.22

CP,% 0.41

Crude fat,% 0.12

Ash,% 3.19

Na,% 1.26

Chloride,% 1.86

K,% <0.005

Color, fat analysis committee color standard <1
Analysis 3

Gross energy (kcal/kg) 3,625+26

"Values reported by AGP Inc., Sergeant Bluff, IA Lot #GB605-03.
2Analysis by University of Missouri-Columbia experiment Station Chemical Laboratories, Columbia, MO.

3Analysis by USDA, National Swine Research and Information Center, Ames, IA.
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ﬁ@@ﬂé}@\‘]ﬂUWﬁﬂ'ﬁﬁﬂH'ﬁlﬂ\? Cerrate AU (2006) ‘ﬁi']ﬁ]\i'lll')'l hlﬂﬂﬁ%ﬂ\‘inl‘lel'NﬂTiﬁl'l

a3 o

= A A s 3 o [ v
VOIISHANNAOTUAL 5 11/oTisua bll‘!sb"N’mq 42 U HUIMUNEIN

[

(Cobb500) 1w 16
sw'liaeny Innsznanquaiugu tazdeandeenunanIsANEIY0Y Lessard tazAne (1993)
~ 1 [ @ 9 SJd' Yo ~ = S < 4
151891171 TANNaiuN1mMsM (Arbor Acers) el 71 1A U MIHAUNAIIEIU 5 110 5IFUA
=\ A~ 4 (BN @ 1 1 dyru 1 v d' Yo

tlesiuaangan hianulnnsznanguarugu (P>0.05) uenaniidanu lnnsenai lasy

a4 A oA sd & sd o N N § 7 o
DIVITHAUNALEDTUAU 5 Uy 10 Lﬂf]’ilﬁ]fuﬁ Mlﬂﬂil“]fu@c]f’]ﬂqu HIVIUNNATUIUBDIIN HUIVTUDN



a J 3 J 1 ' Ay Yo = A A [ @
139N 9. Lﬂﬁ]il“ﬁu@ﬁiuﬂizﬂ@U%Wﬂﬂlﬁ]ﬂllﬂﬂigﬂﬂ‘ﬂ]lﬂiﬂﬁﬂﬂﬁNﬁuﬂalcﬁﬁ)iuﬂﬁizﬂﬁﬁNf’](ﬂWQ 42 1)

NABBIUAL (%)

Fnyaiiann SEM P-value
0 2.5 5 7.5 10

91 42 T (%)
dhmindiaia (%) 2,575.00 2,497.50 2,476.25 2,441.88 2,490.00 58.21 0.5919
YINGU 71.54 70.79 70.44 70.67 70.59 0.49 0.5426
WG 70.70 69.66 69.38 69.70 69.53 0.55 0.5516
wihen 26.10° 23.34" 23.75" 23.03" 25.11° 0.74 0.0291
dulu 5.40 5.86 5.67 5.71 5.35 0.14 0.0598
109 13.50 13.23 14.09 13.85 13.65 0.35 0.996
in 11.40 11.12 10.97 11.18 10.47 0.41 0.5813
R 17.13° 19.37° 18.21° 18.30 18.49" 0.40 0.2030
Waazao 8.39 9.00 9.12 9.03 9.28 0.39 0.5358
ez 451 438 4.64 4.83 4.72 0.18 0.4204
JGERERN 25.66" 23.27° 25.06" 2432 21.44° 0.52 <.0001
9787210 s 10.68 10.55 10.86 10.40 10.37 0.22 0.5577
duuaziiny 1.97 1.88 1.92 1.95 1.86 0.06 0.7181




15199 9. (719)

NAEBIUAL (%)

Fnyaiiann SEM P-value
0 2.5 5 7.5 10

ATLINZU 0.47 0.48 0.46 0.44 0.45 0.02 0.5635
ATLINIZUA 1.41 1.40 1.42 1.43 1.49 0.09 0.9551
ATLNIZN 0.34 0.34 0.36 0.33 0.32 0.04 0.9677
a1 1d5m 471 5.04 461 5.09 4.74 0.17 0.2148
Waly 0.49 0.47 0.44 0.48 0.50 0.02 0.3428
ndwities 58.42 54.64 57.20 56.00 57.83 1.25 0.2353
N3EQNI I 27.86" 29.39" 29.12" 30.55° 30.23" 0.63 0.0456
AIMIaI 8.43° 11.88° 10.32° 11.86" 10.75" 0.43 <.0001
laiusau 8.32 8.26 8.20 7.98 7.89 0.22 0.5127

* ST IUL LU UNUANAINUTANUUANA A UNIIADA
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N3N0 @z Tun tazuod A0 1nnTzNINguAILRNEE 1T Tad1AYN1NdDa (P<0.05)
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W‘L!1E]ﬂ@]"Iﬂ’J"Illﬂﬂiz‘ﬂﬂﬂqu’ﬂu@ﬂWQNuﬂfﬂ UNNADAN (P<0.05) e1nuN weosisuawinaulu

Tuianuana 1A uUNIada (P>0.05) 40AA30INUNAN1INAADIVDY Cerrate LLAZABLE (2006)
A ' ' V4 Y Y A Yo = A A
151891471 10N TENINUFNIINITAT (Cobb500) 1NFAH N 1ATUOIMITHANNALFDI UAY 10
73 Ll - 9 9 ' ' AY Yo ~ A A P-4
o Fud WM NI18n1l08nI1 INATLNIN 1A U IMITNAUAAIFOTUAY 5 1105 1FUa
dwmsuedterzmelu wu oerzmelunnediu wu duuaziny nszmzua tazviala vedln
~ Yo ~ ~ a S 3 o A < 3 s ] 1 oA 1 =
nsznad IASueMsHaundesua 10 1Wedidua nlesiuageni lnnsznangudnedisll

v [ a

) a o [ o 1 1 ] S I3 o
WodAymeada (P<0.05) dmsuludusaw wui Innsznanguaiuguiinfes dud luiusiuga
A A 1 ~ Yo = A A d I 4 o w
Nga 5090901A0 INnTzned AT UoMITHENNAOITUAD 2.5, 5, 7.5 taz 10 Woddud mudiay
[ . o Y [l 1 % 4
FANAWNAUNANITNAADIVOY  Lessard Hazamz (1993) AWV Innsgnawnugnianisn
ald' Yo = A A L Jd A d I 4 ) ] Y
(Arbor Acers) tWeid N lasueiswaundesuay 5 weofisud lnjosisudvesluiuyoios
A 2
WA
o [ Y] ¥ 1 1 I [
FUFVIAHULTNIMIMNVD9LLD (115197 10) 11AMTANEIAIANNTDUATA-A19YB
dy 1 A Yo a = ~ A A @ 1 A [ U dy 1 1
o lnnsenai 1Asumsiasundes uaunszaua g oy 21 11 wuduile Innsznannnqu
A I VoA d A o ' ' ' ) A ~ 1 o
namanuilunsa-aefien Tuei 0 ¥aan1sai (pH,) Tiuanaenu (P>0.05) Taelinunae i
o [ A [ [l 1 o 4 < % 3 [
6.09 Taafindinmlnadadiniegsening 6.4-7.0 (Fomsan, 2529) antosduiluli1di1m
A 9 o a 5 i o o a X A =
pH 33aA049 W31 AUMSINATNIE Rigor mortis Idadnomazinavuaelunar linuii
o ] < dy 9 o 1 1A ] 1 I~ [
WaINAe 0619 lsnmumsnaassil lanuauilitenoumsaniiinaseninnuilunsa-ag
dy g’/ A’ 1 =4 g’/ Aan 1 A’ Y Y a
Yo uile N9 1U399U9INITEADINIT NMTYUTITINDIVUADULALITM TN N 09N UNITINA
Y [
anziasea lu neausuzihues dyde (2543) aaiu pH, elimdainnaanasgiu liun
° o 1 I VoA @ @ 1 & 1 v 1A
dwsumanuiunia-a1ai 24 ¥ Tuanaanisain (pH,,) vouile lnnsznauaaznquil
a1 luuanaany (P>0.05) Taglinunas miny 5.83 #ala11ndiAean1I189 1V Jaturasitha
v 9
1agAME (2002) Wattanachant liazAmg (2004) tag ¥y lv (2550) N51891U1A1 pH,, VoL
Wi19nvea 1ANTENITAMNINY 5.89, 593 uaz 5.93 AINAIAL VINNANITNAADIAINGTD
[ o a @ 4 { A 1 1 ¥ ] a
AOAAADINUAIBT U8V FuaTIA (2529) NTUII1 A1 pHIUIHBIZTAADI9E19919 1ALAY
] v o 7 ]
Uszum 7.0 maedszum 5.6-5.7Tunanlszum 6-8 ¥ 1u9 vasdaineuditeanasgye
v < v o J Y
pH gAM10521119 5.3-5.7 Mmoluszozinal 24 91 Tanasdadiaie uenInil Warriss (2000)
Y] 1 1 a 9 9y dy = 1 1 9 dy 9 =Y U
gana1n siaveudulendruiiiolinanon pH, Iaendmitlonten Inlidadiuves

Y X a i =2 A ) A o < £ a a
NANUB TV (white muscle) ’G;T\i %QNﬂqiﬁgﬁuqﬂaIﬂmuu@ﬂ UDEAINYIINAANTALLANAN
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19 9 a 1 v KX A o Y ] d" A d"
‘tﬂﬂﬂiz‘U’Ju‘VHEJGI,‘DLUJUulwal“ﬁﬂ@ﬂﬁlﬂﬂuulllNWﬂuﬂ %mwawﬂﬁm szﬂuﬂmmuanuﬂuaﬂ

U

114924 5.9-6.0

151990 10, ANHAUTNWMIMNUDIFINUDI INNTENIN LIRS UDIHITHAUNALYDITUALTLAL

A19991g 21 T

NABBIUAL (%)

e TiAn SEM  P-value
0 2.5 5 7.5 10

45 10
pH 6.12 6.08 6.10 6.04 6.10 0.03 0.4387
L 48.11 4694 4747 4809  47.07 0.80 0.7352
a* 1.63 1.67 1.65 1.63 170 0.12 0.9929
b 3.33 3.47 3.35 3.64 3.49 0.13 0.4431

24 20’
pH 5.84 5.81 5.85 5.85 5.81 0.02 0.6141
L 47.58 4777 4898 4867 429 0.71 0.3786
a* 2.70 2.73 2.71 2.63 2.81 0.09 0.6695
b 6.58 6.24 6.35 6.88 6.31 0.26 0.4736

MuTIdarIILe (M) 3,790.10  3,684.74 3,505.10 3,638.18  3,847.24 17593 0.6715
%Drip loss 4.19 4.45 424 4.80 423 0.24 0.9345

%Cooking loss 15.33 15.21 15.51 15.34 15.24 0.34 0.9742

'¥ THananH (post mortem time)
o [ Aa [ 49' g’/ ~ 1A dy 9
dvSuNaNNAea Ny N19MENINYeuleny lunsalvesn1dueaiioriion 310
= a =} E 1 1A dy Y [ o = A
MIANHINAVDINITLATUN ALY UALADMTUBUUDHUIDNHAIINTAIN1Y 45 UINLazh 24
& A @ ~ 1 A a A A (= 1 o
2119 N191g 21 11ag 42 U (15190 10 wag 11) WuN Maasunawesuay hilinaaeaia L*
' ' & ) : vy ¥ X Y
A1 a* uazA1 b* voulloniiien (P>0.05) ludruanuannialunmsduiveuiio 1dun ms
90} 1 < { ' ) 2 { ¢
qUIABINTENINMINY (M3 14 1ag 15) WU MIEINNAEBIUAVNILAY 0, 2.5, 5, 7.5
S 4 (=} 1 ] = %’ 1 < a1 T W
uaz 10 wWoesivua lulinasdennsgydennsznalensiny (P>0.05) Taeliauniny 4.19,
4.45, 424, 4.80 1AL 4.23 AUAIAL AOAAADINUHNANIIANYIVDY Jaturasitha HAZAUE (2002)
Y ' = %} 1 < dy 1 A <3 19 =
lasreauammsgadoinsznimsmnuueaie Innsznadiiergmany 1 3u Taewu i

- J 3 4 o w J A Y 1 @ @ A 1 dy J
N1NY 4.02 oS wua muaiay l,l,@]Wﬁ‘l/lulﬂ!mﬂﬁ'lﬁﬂﬂi'lﬂ\ﬂu"l]@\'i "ll'JiUuGlﬂ (2550) ‘I/]W‘U'Nl,u'ﬂllﬂ

v
dg v a'g}/d

1 I~ H " w - ]
ﬂi%‘ﬂ\‘ifﬂﬂ1i’s;(ﬂ]u!,ﬁflu'li$°ﬁ’31Qﬂ1ilﬂﬂlﬂaﬂﬁ/ﬂﬂ‘u 8.98 11o31Fua ﬂﬁulﬁ@ﬁﬂﬁﬂﬂﬂTﬂ%ﬂ
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= Ay < o Y = = o 3 =~ 9 o
anmvedlsauluievaziny il lstugy@snnuaunsalunsdui tazmedveany
(J . o 901 4 1 1 P 3’/ 1%
MIHARIYOY Myofibrilar lattice ¥ 1%191nMelwgadeonuiegizrnusas Fansaoailade
= o Y Y %’ ; A < A d%’ o @ =
uram Ivaianuauisalunsquindauleszoza1nN ANV (FayFs, 2543) &9
1 1 a 901 1 I 1
Honikel a2 Woltersdorf (1991) na1371 Tagindninisgapastinsswinamanuuailssuna
P Yy o Y 2 a3
3 1o iFud FIa0ANAINUHANIINABDINTIN LALMIY TN
o Y a YA v A ' AY Yo A
dmSummsgadeinieswninmslsznovems nuinie Innszned lasumsiasuy
a A a A o A ' ' o ' ~ VW P-4 1o
AAYBTUAVNTAUAIY A THuana1any (P>0.05) Tasaunaaminy 15.33 ilesidud uad
NIWANIANEIYDA Jaturasitha LazA (2002) wazainy v (2550) NT1@UNTANNINY 23.63
J J o o R . 1 1 a
e 24.59 1WoFIFUA MNAI1AY B9 Honikel 1Ay Woltersdorf (1991) na111 lasilnannig
o ¥ A A P
gu@sduiennmslsznevemslanlszanm 25 nlesigud
] ] >} ] dy ;d' 1 a = = a L P=}
Tuarua s darILYeile (A151990 10 uag 11) Wu msasundresuay lilina
o 9 dal [ d' Yo = o [ ] ] [ aa &
e lnnsznadldsvermsyngaslamseaaniu luuanaanuniedda (P>0.05) &9
1 1
Wattanachant Hazaalz (2004) 3199111391 iiledruen lansenaliassdaniumasg minu

1.78 A lansu

M15199 11. SAYUZNMENNYLEIN 1nnTeNnai 1T Ue1MTHANNAEEI UALTEAUAIN

01y 42 U
Uz TiAnm NAIBDIUAL (%) SEM  P-value
0 2.5 5 7.5 10

45 W1
pH 6.16 6.14 6.11 6.10 6.19 0.04 0.4693
L 43.39 4323 4327 4457 4423 0.48 0.1731
a* 1.65 1.68 1.65 1.69 1.71 0.06 0.9566
b 2.60 2.69 2.59 2.68 2.64 0.07 0.8095

24 2004’
pH 5.79 5.75 5.77 5.83 5.84 0.02 0.0625
L 46.44 4598 4499 4714 4644 0.56 0.1109
a* 1.66 1.59 1.60 1.69 1.66 0.04 0.2587

b* 1.79 1.74 1.75 1.72 1.69 0.05 0.6244
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M3190 11. (AD)

i NABBIUAL (%)
NHUSNANHN SEM P-value
0 2.5 5 7.5 10

AMTIAARIULLD (N3Y) 2,790.88  2,762.74 2,801.24  2,980.81  3,038.53 170.38 0.7215
%Drip loss 1.45 1.48 1.57 1.67 1.71 0.10 0.2642
%Cooking loss 18.83 17.93 18.76 18.42 17.62 0.58 0.5898

' 91 a991nHN (post mortem time)
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Effect of crude glycerin from palm oil biodiesel production as a feedstuff for
broiler diet on growth performance and carcass quality

Nusawan Boonwong®, ChaiyawanWattanachant'” and SuthaWattanasit*

!Department of Animal Science, Faculty of Natural Resources,
Prince of Songkla University, Songkhla 90112, Thailand.

Abstract

The aim of this study was to determine the effect of crude glycerin, a main by-
product from palm oil biodiesel production, that supplemented in broiler diet on
growth performance and carcass quality. Four hundred and eighty, one-day-old male
Cobb500 were randomly allotted into a completely randomized design, 6 groups
consisting of 4 replications per group. Commercial pellet with no glycerin and mixed
diets containing 0, 2.5, 5, 7.5, 10 % of crude glycerin in pellet form were ad libitum
fed to the broilers from the first day of age until the age of 42 days (6 weeks). The
commercial pellet (CP) was applied to the broilers in order to compare with the mixed
diet with no crude glycerin (0% crude glycerin). At the end of the experimental
period, broilers were sacrificed for carcass measurement and meat quality study.
Results showed that during the first stage, broilers received CP had similar live
weight, live weight gain, ADG and feed intake with those received 0% crude glycerin
(P>0.05) but both treatment diets had better live weight, live weight gain, ADG and
feed intake than those received diet containing with 2.5 to 10% of crude glycerin
(P<0.01). However, at 2™ stage, no significant difference was found in live weight,
live weight gain, ADG, feed intake and FCR (p>0.05) in all treatments (P>0.05)
although broilers fed CP tended to perform better than others. After slaughter, no
significant differ was found in dressing percentage (P>0.05) but those received CP
had higher fat percentage than other mixed diets (P<0.01). From this study, although
crude glycerin can be supplemented in the diet but broilers tended to gain lesser when
the level of glycerin increased.

Keywords: crude glycerin, palm oil biodiesel, broiler, growth performance, carcass
quality
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'Department of Animal Science, Faculty of Natural Resources,

Prince of Songkla University, Songkhla 90112, Thailand.

Abstract

Effect of crude glycerinsupplementation in broiler diets on growth performance and
carcass quality was studied. Four hundred and eighty, one-day-old male Cobb500were
allotted into a completely randomized design, 6 groups consisting of 4 replications per group.
Commercialpellet (CP)with no glycerin anddiets containing 0, 2.5, 5, 7.5, 10 % of glycerin
were fedto broilers until the age of 42 days before sacrificed. During days 1-21, no significant
difference was found in live weightchange and feed intake with those receiving CP and 0%
glycerin (P>0.05) but both these diets had better live weight, ADG and feed intake than those
receiving diets containing 2.5 to 10% of crudeglycerin (P<0.01). During days 22-42, no
significant difference was found in live weight change and feed efficiency (P>0.05) among
diets (P>0.05).After slaughter, no significant difference was found in dressing percentage

(P>0.05) but broilers receiving CP had higher fat percentage than other diets (P<0.01).

Keywords: crude glycerin,palm oil biodiesel, broiler, growth performance, carcass quality
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1. Introduction

Biodiesel production has grown over the past several years due to the rising of world
fossil fuel prices. From this production, crude glycerin is the main by-product and is used for
various purposes, such as, fuel, lubricant, animal diet, etc. However, quality of crude glycerin
in terms of physical properties and chemical composition is quite variable depending on the
source of oil that used for biodiesel production (Dasari, 2007; Kerr ef al., 2007; Thompson
and He, 2006).In the South of Thailand, results from Settapong and Wattanachant (2012)
illustrated that crude glycerin from the village scale (small scale biodiesel production; less
than 700 litre per day) hada higher pH value, heat of combustion, crude fat, free fatty acids,
crude protein and moisture than that from medium (capacity: 700 litreper day) and large scale
(capacity: 160,000 litreper day) productions, whereas the medium scale had the highest
methanol level (2.87) followed by the small (1.10) and large scale (0.46). The previous
reportconfirmed that physical and chemical qualities of crude glycerin areassociated with
source of oil and method used for biodiesel production.

In terms of animal feed production, the crude glycerin that is most commonly
supplemented in animal diet is a by-product from biodiesel plant that using soybean oil or
animal fat or mixed soybean oil with animal fat or waste cooking oil. However, in
Thailandpalm oil is the main vegetable oil used in various purposes including biodiesel.
Thus, crude glycerin from palm oil biodiesel is the main by-product applied in the animal
feed industry.Nevertheless, up to now little information on the utilization of this by-productin

animal feedshas been reported. Therefore, the objective of this study was to evaluate the
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influence of crude glycerin from palm oil biodiesel production added as an energy source in

broiler diets, on growth performance and carcass quality.

2. Materials and methods

2.1 Broilers and management

This research study was done at the Chicken Unit, Department of Animal Science,
Faculty of Natural Resources, Prince of Songkla University (PSU), Hat Yai, Thailand, in
September 2012. A total of four hundredand eighty,one-day-old male Cobb500 chicks, with
44.45+0.19 grams of initial live weight, from Charoen Pokphan Food (Thailand) Co. Ltd.
(CPF)were allotted into six treatments with each treatment having four replicates each of 80
birds. Allbirds were raised to receive experimental diets in the evaporative closing house for

42 days (6 weeks).

2.2 Feeds and feeding

Fivediets consisting of 0, 2.5, 5.0, 7.5,10% of crude glycerin were formulated,mixed
and pelleted at the Animal Feed Mill Unit, Department of Animal Science, PSU, while
broiler commercial pellet (CP) was bought from CPF, Thailandwas applied to the broilers in
order to compare with the mixed diet with no crude glycerin (0% crude glycerin). This CP
contained about21% CP, 4% fat, 5% fiber and 13% moisture for the 1*'stage and19% CP, 4%
fat, 5% fiber and 13% moisture for the 2™ stage. All dietswereformulatedto supply the
broilers’ nutrient requirements according to NRC (1994).Crude glycerin used in this study

was acquired from New Biodiesel Co., Ltd., Suratthani province, Thailand (a commercial
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palm oil biodiesel production), and its composition, determined by Settapong (2012) was
87.65% purity, 4,650 kcal/kg, 0.22% EE, 0.48% CP and 1.44% ash. Ingredients and
calculated nutritional values of the five mixeddiets are presented in Table 1.The feeding
program during the studywas divided into two stages according to the management system:
starter (1 stage), from 1 to 21days(or 1-3 weeks) and finisher (2™ stage), from 22 to

42days(4-6 weeks) of age. During the study, chickens were offered feed and water ad libitum.

2.3 Managements and data collection

Performance parameters such as live weight, average daily gain (ADG), feed intake
and feed conversion ratio (FCR) were obtained for each raising phase. At the end of this
study,eight chickensper treatment were sampled to fasting for about 12 hours before being
slaughtered at the Department of Animal Science, PSU slaughterhouse. The slaughtering
procedure used in this study was that described bySmith (1993) which was developed by
Chotesangasa and Gongrattananum (1999).

After sacrifice, the weight of the carcass and organs was determined. Breast
muscle(m. Pectoralis major) pH was determined at the right side of each carcass within 45
min post mortem (pHy). The carcass was then stored at the temperature of 4°C for 24 hours.
After chilling, weights of chilled carcass and parts of breast, fillet, thigh, drumstick and wing
were determined. Then the pHy, colour, shear force and cooking loss values of breast muscle
of each carcass were determined as described by Wattanachant (2003). The pH of breast
muscle was measured using a Mettler Teledo portable pH meter model SG2 with Mettler pH
probe (Lot 406-M63DXK-57/25). Breast muscle colour was determined with a CR-10
Chromometer (Minolta Colour Meter, Osaka, Japan) and reported in the CIE colour system.

Shear force value of the breast musclewas measured by a Texture Analyzer (TA-XT2i,
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Texture expert Vision 1.17, Stable MicroSystem, Godalming, Surrey, UK) using a Warner-

Bratzler shear blade as described by Dawson et at. (1991).

2.4 Statistical analysis

Performance and carcass traits were submitted for analysis of variance (ANOVA)

using the GLM procedure of SAS (SAS, 1991).

3. Results and discussion

3.1 Growth performance

The effects of the dietary treatments on growth performance are shown in Table 2. At
21 days, broilers fed CP and those fed mixed diet with 0% crude glycerin showed similar live
weight change, ADG and DM feed intake (P>0.05)but both these treatment diets had better
live weight, live weight gain, ADG and feed intake than those receiving diet containing 2.5 to
10% of glycerin (P<0.01).However, no significantdifference in FCR was found amongfed all
diets (P>0.05). In the 2™ stage, no significant effects on liveweight change, ADG, DM feed
intake or FCR were indicated (P>0.05) although FCR tended to decrease when the level of
glycerin increased. From this study, the addition of 5% of crude glycerin to the diet tended to
have a better final live weight, weight gain and ADG than other treatment glycerin
supplemented diets.

During the period of 1 to 42 days of age, no significant differencewas found in live
weight change, ADG or FCR (P>0.05) but broilers thatreceived diets with 10% of crude

glycerin had significantly lowerDM feed intake (P<0.05) than those fed CP and mixed diet
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with crude glycerin at 2.5 to 7.5%. The lower live weight change when the level of
glycerinincreased was probably related to the hardness of the pellet which affected the

flowability of feed in the gut as described by Cerrate et al. (2006).

3.2 Carcass characteristics

Effect of crude glycerin from palm oil biodiesel production added as an energy source
in broiler diets on carcass components is presented in Table 3.No significant differences in
slaughter weight, warm carcass weight, chilled carcass weightordressing percentage were
seen among diet groups (P>0.05).

Considering the retail cuts, broilers fed CP and mixed diet with 0% crude glycerin had
higher breast percentage than others (P<0.05). No significant differenceinretail cutswere
found in broilers receiving2.5, 5, 7.5 or 10%crude glycerin supplementation
(P>0.05).Broilers fed mixed diet with 0% of crude glycerin had significantly lower fillet
percentage than those fed dietswith 2.5, 5 and 7.5% of crude glycerin (P<0.05) but no
significant difference from broilers fed diet with 10% crude glycerin(P>0.05) was found.
However, broilers receiving CP showed the highest fillet percentage. In terms of thigh
percentage, mixed diet of 0% crude glycerin showed significantly lower levelsthan CP and
other mixed diets (P<0.05).

From this study,no significant differencein meat percentage was obtained in broilers
receiving all diets.In terms of bone percentage, broilers fed with 2.5, 5, 7.5 and 10% of crude
glycerinsupplementation hadsignificantly higher bone percentage than those receiving CP
and a mixed diet with 0% of crude glycerin supplement (P<0.05).Consideringtotal fat, CP
showed the highest fat percentage followed by 0, 2.5, 5, 7,5 and 10% of crude

glycerinsupplementation(P<0.001).Nevertheless, no statistical difference in fat percentage

For Proof Read only

Page 6 of 16



Page 7 of 16

©CoO~NOUTA,WNPE

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

Songklanakarin Journal of Science and Technology SJST-2015-0089 Wattanachant

was obtained in broilersreceivingmixed diets with 0, 2.5, 5, 7.5 and 10% of crude glycerin
supplementation (P>0.05). In addition, no significantly difference in drumstick and
wingpercentages were found in broilers fed diets with 2.5, 5, 7.5 and 10% crude glycerin
supplementation (P>0.05).

From this study, lower DM feed intake when the level of glycerin increased was
related to a reduction in meat and fat percentages.This was probably related to the hardness of
the pellet which increased altering the flowability of feed in gut as described in the earlier
part.

Birds fed CP and mixed diets with 0, 2.5, 5, 7.5 and 10% glycerin (Table 5)
showedstatistical difference (P>0.05) inpH, colour or shear force values of the breast
meat(P>0.05). In addition, none of diets affecteddrip loss or cooking loss percentages

(P>0.05).

4. Conclusions

The results of this study indicate that crude glycerin from palm oil biodiesel
production can be used in broiler diets. However, a lower growth performance occurred when
the percentage of crude glycerin increased. This was probably related to the hardnessof the
mixed pellet diets. At the 1 stage, broilers fed mixed diets containing 2.5 to 10% of glycerin
had lower live weight change, ADG and DM feed intake when compared to the CP and
mixed diet with no glycerin. However, diet supplemented with 2.5 to 10% of crude glycerin
did not show any significant difference in live weight change, ADG and DM feed intake of
broilers. No significantdifference was found among treatments in FCR, carcass weight,
dressing percentage or physical properties of meat(P>0.05). Therefore, it is recommended to

supplement this by-product about 2.5 to 5% in the dietdue tofinal weight and weight gainof
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broiler beinghigher than with other levelsof crude glycerin supplementation. In conclusion ,
although crude glycerin can be supplemented in the diet, broilers tended to gain less when the

level of glycerin was increased.
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Table 1. Ingredient compositionand calculated nutrient content of the five experimental

diets (1-21and 22-42 days of age)

Glycerin (%)
Items 1% stage (1-21days of age) 2" stage (22-42 weeks)
0 2.5 5 7.5 10 0 25 5 7.5 10
Ingredients
Corn 5525 5221 49.17 46.14 43.10 62.61 59.75 56.89 53.52 50.92
Soy bean meal 29.59  30.13 30.66 31.20 31.74 21.78 2231 22.84 2338 23091
Fish meal 8.00 8.00 8.00 8.00 8.00 8.00 8.00  8.00 8.00 8.00
Vegetable oil 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Dicalcium 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
phosphate
Salt 0.30 0.30 0.30 0.30 0.30 0.30 030 030 0.30 0.30
Premix 0.50 0.50 0.50 0.50 0.50 0.50 0.50  0.50 0.50 0.50
DL-met 0.12 0.12 0.12 0.12 0.12 0.12 0.12  0.12 0.12 0.12
Lys 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Crude glycerin’ 0.00 2.50 5.00 7.50 10.00 0.00 250 5.00 7.50 10.00
Hall 0.00 0.00 0.00 0.00 0.00 0.44 0.27  0.10 0.00 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Calculated values
Crude protein, % 23 23 23 23 23 20 20 20 20 20
ME, kcal/kg 3,200 3,200 3,200 3,200 3,200 3,200 3,200 3,200 3,200 3,200
Ca, % 1.00 1.00 1.00 1.00 1.00 0.90 0.90 090  0.90 0.90
Met, % 0.50 0.50 0.50 0.50 0.50 0.38 0.38 0.38 0.38 0.38
Lys, % 1.10 1.10 1.10 1.10 1.10 1.00 1.00 1.00 1.00 1.00
Thr, % 0.80 0.80 0.80 0.80 0.80 0.74 0.74 074  0.74 0.74
Sodium, % 0.20 0.20 0.20 0.20 0.20 0.15 0.20 0.15 0.15 0.15
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Calcium, % 1.00
Nonphytate 0.45

phosphorus, %

Lysine, % 1.10
Methionine, % 0.50
Threonine, % 0.80
Sodium, % 0.20

1.00

0.45

1.10

0.50

0.80

0.20

1.00

0.45

0.50

0.80

0.20

1.00

0.45

0.50

0.80

0.20

1.00

0.45

0.50

0.80

0.20

0.90

0.35

1.00

0.38

0.74

0.15

0.90

0.35

1.00

0.38

0.74

0.15

0.90

0.35

1.00

0.38

0.74

0.15

0.90

0.35

1.00

0.38

0.74

0.15

0.90

0.35

1.00

0.38

0.74

0.15

'Containing 87.65% purity, 4,650 kcal GE/kg, 0.22%EE, 0.48%CP, 1.44%ash and pH 6.40 (Settapong, 2013)

For Proof Read only

Page 12 of 16



Page 13 of 16 Songklanakarin Journal of Science and Technology SJST-2015-0089 Wattanachant

22
Table 2. Live weight change, feed intake, feed conversion ratio (FCR) of

broilersreceivingdiets containing 0, 2.5, 5, 7.5 and 10% of crude glycerin and commercial

©CoO~NOUTA,WNPE

10 pellet (CP)

12 Crude glycerin (%)
13 Items SEM  P-value
14 CpP 0 2.5 5 7.5 10

16 Initial weight, g 4430 4450 4420 @ 4445 4410 4465 028  0.7518
18 1-21 days (1* stage)

20 Final weight, g 920°  887.50° 787.50° 812.50°  746.25™ 717.50° 21.01  0.0008
22 Weight gain, g 875  842.97° 74291° 768.09°  702.11° 672.90° 20.93  <.0001
24 ADG, g/d 41.68"  40.14  3538°  36.58° 33430 3205  1.00  <.0001
26 Feed intake, g/bird 1,248.00° 1,131.30° 989.63° 1,003.98" 934.13™ 877.05° 23.50  <.0001
28 FCR 1.42 1.34 1.34 1.31 1.34 1.31 0.03  0.1237
30 21-42 days (2" stage)

32 Final weight, g 2,840.00 2,730.00 2,645.00 2,730.00 2,570.00 2,560.00 118.48  0.2643
34 Weight gain, g 1,926.67 1,842.50 1,857.50 1,917.50  1823.75 184250 108.64  0.7807
36 ADG, g/d 96.76 8774  88.45 91.31 86.85 8774 530  0.7805
38 Feed intake, g/bird 4,099.31 3,920.51 3,94931 3,960.83 3,802.08 3,44548 142.66 0.0693
40 FCR 2.03 2.15 2.16 2.07 2.09 1.89 0.11  0.5048
42 1-42 days

44 Final weight, g 2,840.00 2,730.00 2,645.00 2,730.00 2,570.00 2,560.00 118.48  0.2643

46 Weisht oai 2,736.94 2,642.68 2,558.24 2,517.41 2,415.777 2,404.29 137.52 0.3003
47 eight gain, g

49 ADG, g/d 67.02 62.92 60.92 59.94 57.52 57.25 3.19 0.3005

51 Feed intake, g/bird 5,347.46" 5,051.81° 4,938.90" 4,964.80° 4,736.21°° 4,322.53" 148.54  0.0035

53 FCR 1.90 1.93 1.96 1.99 1.96 1.82 0.08 0.7494

55 23 > means on the same rows with different superscripts differ significantly (p<0.05)

57 24
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Table 3. Carcass components of broiler receiving diets containing 0, 2.5, 5, 7.5 and 10% of

crude glycerin and commercial pellet (CP)

Crude glycerin (%)

Items SEM  P-value
Ccp 0 2.5 5 7.5 10
Number of broiler, 8 8 8 8 8 8 - -
birds
Slaughter weight, 2,557.50  2,575.00 2,497.50 2,476.25 2451.88 2,480.00 94.84  0.2447
g
Warmcarcass 1,806.88 1,870.50 1,760.86 1,737.20 1,759.60  1,790.20  78.56  0.1901
weight, g
Chilled carcass 1,804.78 1,849.12 1,732.25 1,692.92 1,736.73  1,760.93  65.97  0.0769
weight, g
Dressing percentage
Warm carcass, % 70.65 71.54 70.79 70.44 70.67 70.59 0.49 0.6977
Chilled carcass, % 70.65 70.70 69.66 69.38 69.70 69.53 0.55 0.6880
Viscera, % 8.71° 10.68" 10.55" 10.86" 10.40° 10.37° 0.54 <.0001

*>¢ means on the same rows with different superscripts differ significantly (P<0.05)
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35
Table 4. Carcass composition of broilers receiving diet containing 0, 2.5, 5, 7.5 and 10% of

crude glycerin and commercial pellet (CP)

©CoO~NOUTA,WNPE

10 Crude glycerin (%)
11 Items (%) SEM P-value
12 CpP 0 2.5 5 7.5 10

14 Breast 25.71° 26.10° 23.34° 23.75° 23.13° 25.11% 2.08 0.0352
16 Fillets 5.93° 5.40° 5.86" 5.67° 5.71° 5.35° 0.41 0.0405
18 Drumsticks 13.79 13.50 13.23 14.09 13.85 13.65 1.06 0.7084
20 Wings 11.04 11.40 11.12 10.97 11.18 10.47 0.78 0.6931
22 Thighs 18.31%¢ 17.13¢ 19.37° 1821 18.30™  18.49® 0.96 0.0456
24 Meat 58.78 58.42 54.64 57.20 56.00 57.83 3.46 0.1813

26 Bone 26.95° 27.86™ 29.39% 29.12% 30.55° 30.23° 1.86 0.0111

29 Total fat 10.65° 8.32° 8.26 8.20° 7.98° 7.89° 0.31 <.0001

32 “P¢ means on the same rows with different superscripts differ significantly (p<0.05)

36

36 37
38 38

40 39
40

45 41
47 42

49 43

ol 44

54 45
56 46

58 47

For Proof Read only



©CoO~NOUTA,WNPE

48

49

50

51

Songklanakarin Journal of Science and Technology SJST-2015-0089 Wattanachant

Table 5. pHat 45 min and 24 hrpost mortem and colour of breast muscle from broilers

receiving diet containing 0, 2.5, 5, 7.5 and 10% of crude glycerin and commercial pellet (CP)

Crude glycerin (%)

Item SEM P-value
Ccp 0 2.5 5 7.5 10
45 min (pHy)
pH 6.15 6.16 6.14 6.11 6.10 6.19 0.03 0.5054
L 44.39 43.39 43.23 43.27 44.57 44.23 0.59 0.3587
a* 1.70 1.65 1.68 1.65 1.69 1.71 0.08 0.9945
b* 2.65 2.60 2.69 2.59 2.68 2.64 0.08 0.9341
24 hr (pHp)
pH 5.83 5.79 5.75 5.77 5.83 5.84 0.03 0.1413
L 46.85 46.44 45.98 44.99 47.14 46.44 0.61 0.2033
a* 1.70 1.66 1.59 1.60 1.69 1.66 0.06 0.7397
b* 1.70 1.79 1.74 1.75 1.72 1.69 0.04 0.7006
Shear force' 2,719.73  2,790.88  2,762.74 2,801.24 2,980.81 3,038.53 170.32 0.7441
Drip loss, % 1.51 1.45 1.48 1.57 1.67 1.71 0.10 0.3362
Cooking loss, % 17.85 18.83 17.93 18.76 18.42 17.62 0.66 0.7641

'Crosshead speed was set to 2 mm/s and 25 kg load cell
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