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ABSTRACT

With the rapid development of the broiler industry, the demand for high-efficiency
energy sources is increasing. Palm oil holds significant application value in poultry feed
due to its high energy density and ability to improve feed palatability. While palm oil
powder (POP) has shown excellent performance in nursery pig diets, its effectiveness in
poultry feed requires evaluation. This study aimed to investigate the ability of broiler
chickens to utilize the energy contained in POP.

The research comprised three experiments. Experiment 1 determined the nitrogen-
corrected true metabolizable energy (TME,) concentration of palm oil, POP containing
free glycerol, and POP without free glycerol using the total excreta collection method
with 39-week-old Leghorn roosters. The TME, values were 8683.77, 7063.70, and
8489.60 cal/g, respectively, with all exhibiting high energy digestibility exceeding 90%.
Experiment 2 employed the indicator method using day-old Ross 308 broiler chickens,
divided into starter, grower, and finisher phases, to evaluate the effect of different fat
sources on energy utilization. Results showed that the apparent metabolizable energy
(AME) of diets in all groups increased as the broilers grew. The AME values (kcal/kg)
for palm oil during the starter, grower, and finisher phases were 5492.4, 6784.4, and
7683.2, respectively; for POP containing free glycerol, they were 2227.8, 4994.4, and
6583.9, respectively; and for POP without free glycerol, they were 2012.2, 3743.9, and
7853.2, respectively. Experiment 3 conducted a growth trial to assess the impact of
different fat sources on broiler growth performance. Results indicated that the palm oil
group exhibited the best growth performance, with a body weight gain (BWG) of 2108 g

and a feed conversion ratio (FCR) of 1.29.
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The results demonstrate significant age-dependent differences in fat utilization by
broilers: efficiency of digesting and absorbing long-chain saturated fatty acids is lower
during the early growth stage due to the immature digestive system; however, energy
utilization efficiency from different fat sources tends to converge in later growth stages.
This finding suggests that TME, values determined in adult roosters should not be the
sole basis for formulating diets for early-stage broilers. Despite its effectiveness in
nursery pig diets, POP proved unsuitable as a fat source for broiler feed. Although the
treatment including free glycerol (POP containing free glycerol) did not show significant
differences, it exhibited a positive trend regarding final market body weight. It is
recommended that practical applications adopt more precise phase-feeding strategies,
particularly in selecting fat sources adjusted according to the physiological characteristics

of broilers at different growth stages.

Keywords: Broiler, palm oil powder, digestibility, apparent metabolizable energy, true

metabolizable energy
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Figure 1. Size development comparison of unselected meat control strains
(University of Alberta, 1957 and 1978) and Ross 308 broilers (2005) at 0, 28, and 56 days
of age (mixed-sex body weight and frontal view)

( Zuidhof et al., 2014 )
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PRNRARRpEAMTT IR A R FERT RSB A AL TR
AL Rz B 7R oA o B RIS i B XA RE S
L (RO AR Pl A

¥ ) it 5t (digestible energy, DE ) H_%, it a‘r“,%ﬁ R aw BT o L e

AL LRGeS AL N S > BAo i RE e s B
o TR RS e A B F AR LY DR R R S AR T

it (apparent digestible energy ) ; % & { #Hrt & > P g - % a‘rl‘,/]% NRMEE R (%
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F B K A metabolic fecal energy ) > 2384 F B H S RK A &P 2T 0
U (ded § E ) Rple o BB EDE 7 it it (true digestible energy )

s P P2 a‘r“f d gz LA~ d A2 fat (urinary energy )
el F 82§ #a (gaseousenergy ) i ¥ 17 F| ¥ #it (metabolizable energy,
ME)e &34 ¢ »d 50 F B4R 2 AR 30 Fptid F 24202 ME 4 7 &
et £kR c 2 DE# M O ME 7 F 7 £F BIINMAEGBEaRE > 25467
% 284t (apparent metabolizable energy, AME )4r & ¥ % fit ( true metabolizable energy,
TME) > 64 F 1L P RIL ST A - @ 7 RSP E a2 S R -

Bkl o Gen e A A T F RS (o) AR EEL g 0 T
g B I g i ¥ 3 (nitrogen-corrected metabolizable energy; ME, ) » 4 %] _%&
ARG EL PR e s d R AN ER AR AP SR
R RS T T e AR LT SEV ) L
FROM ARG T REFHDT R F D F 2 R (PER)
5822 F+ o FAAL L B ANG S AT A [RE0 TRAER iR g o

XEL o B AAGE - RN N ERZR IR M 8*z$ﬁ’x§ RARE T

o

“ﬁ”éiﬁi’&%ﬁﬁ TR

PN
/T"

Ao A KRR R Bpl AR BB T R o F R F R
* AME chipl 3 i % 2 @ * hE R ERTEF A F R0 B8 39 i Lhn
Lol AE - R GEFL2EY B F 1 R P REE R T H e
GRSy R R FOE M T pR B F AT D F TR
AR Fov AL R L S AT R S o BEE R E - R R A B b
Bt F TEREMER R o a4 Y B BIR & R R AR
Woblengee B~ B NSHAIT A 4 R R 0 Tl UG SRR i A i B4

Ax ApEEC] o

11
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AL §F T (R0 FEM) 2 £ hieiFF HE M EF N Bh

e

(AME.) PF + § 15t 4 ¢ I cnd § 8 0 0URRA S Ko Al iy £ i
&

W
\n—'

PRI R AT A AT R T 0 R G R
B N AME, & M3 %R e AME o B0 0 ¥ AMEn #% & 0 fR8 i gnt )
A#H L AFEA L2 B AME { il E BUMRAELF I FEF AR TR
e (Aardsmaetal., 2017 ) »
Sibbald (1979) # 1— i * ** & TME R 22 2 » % 2 H e d e
Ty (48 ) pF) B dcdk o 227 Ui S E R B e F R TME  4p
ot AME (i & % v efirpe S 0 2 4T3 TME L % 3 e R 375 > Mt as
AME il g % 28 p DR R E S L RApdd 0 4 TME RIA K1 2 2 0 MR 9
%o bl4e > Sibbald (1975) %47 7 Rl 22 & 4 57 TME & 3 9.40 keal/g » ¥ 4p &1 2
AME (& ¢ 5P 1t o 23 2B H A BRSE ) > Fla £ 00w
PEEFNAEANT A FRD 0 F PRSP (0% g SAE) el T e

FEABRE S QM 2ot HEF a2

E)FrFRE E a7 HE

Wi F R B GREFEN TR B A BEY AR R E LT
Ak B AR b g BT AL AT SRR RAeR L 2R F
LRI Y AR AR SN S SR T o ELU
BoRmo i B s A SRR R B ki BB Ao

H o

ﬂd\

Z MR R KR (R A RS ) 0 Flut g M T e
ATE o B o g BN FARAE S &g o 291 5 (apparent energy

digestibility ) :

wEEPRE —EAEFLEREE
e R (%) = — x 100
i B

m
4
s

o

12

doi:10.6342/NTU202504354



=

Pt b P B R A 8 R R a‘r“,/]% {6 FFE i £ 14 F (true energy

digestibility ) :

b

w B (%)

HEHEPE - (RPN EEED - SBMREN - AP
iR

x 100

BlE > iz &4~ L > Ejck iz (total collection method ) ¥ 45 77 #/2 (indicator
method) e 2 e 2 & R B P BRI F 75 2R > bloox Raed g2
%%E%a?@%ﬁ(AM&)ﬂi*%&ﬁo%ﬁﬁ%ﬂé@ﬁhlﬂﬁﬂf1
A FE L HESF T (do2 § 4 TIO~ =2 § 1 2 42 CrOsst = § © &
SiO2)» f* Hptjip e ? R FFHEPEE > 2F 28 N ERRYTRFRLE
TehIms RS TT BUELY T EA LR ERZEL 2 2 B ANA A
BB tdpn A7 g A A4 T IFR > 2w 2% A I BT e F A
f&* ¢ > Barbehenn (2011) ¥ & * # & (L & &4 Si02) T adgm Al FHER

#4 1& (Lymantria dispar) % B3 AL2 0 1 5 o

13
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T~ R e BT 2 IR
(=) e WiTER

W 08 2 4 (Elaeis guineensis ) 0% F ¢ B0 kg $o b o K % F oh
TRk oy BPTEReEIBAF - AL BHEFFT IR FREI
BRI R AN TR 3 AR R Y i vy FIEE R o 4 2 AT BT 1S n

#7# % ¢ (fresh fruitbunch, FFB) & JF il i# 3% § 4o 1 R (7RI o Ade 1 P o

P R AMENBREF if%‘;{%“‘%gd 7 ¥ (sterilisation ) » & {7 B3 o ot 3 g
AL EF RS TSI EE R AR FER IS R R BERP

e F e (stripping) > #- % F S H P A4 ERE Hod B Eg o
u{ff; s acfg‘i_@)\ I’;-ﬂ‘;u ] PEE o ’,fJ_r_l}Lﬁéﬁiﬁ‘ ’ %«gyﬁ‘;%)\ ;ﬁ‘fb g IRTIEL B ggg

Fhit BRF P PG > AT B R AR A A9 80°C 2 100

C2Z R e BEBE 2 Wi S A > B EMA AR > B EFANZ W mizpk
Ao jam FA i g o KR T A s R FRE L] 0 s kA B AR T
&R £ e o

BT OROEREFARE > BRIFREF FR A B BRIFERY W R P
AFER D> A5 = ez e (crude palm oil, CPO ) o B ¥ {5 enF] 48 2% /& (press cake ) »
i & & 5P B (mesocarp fiber, MF ) ¥2 42 4% i= (palmkernel ) » 4 & 3 41 &k 1% 4
BlA S SF7 8- Hiex A7 o

BB o A8 8 A (AR & JaBiRE  d R Y sk
LB EEARFEHES CPO - Ra > fefrifi 73 3 34 2 TS A 0 F i

- BRI SR REAR S FER R RS SR LR SR

T A0 LG TR T SR R e S B e o

g

ZEEA SN AL T I 00 A % L “,% Brk o SEHRIE IR STREEFRS
4 LA AR (refined, bleached, and deodorized palm oil, RBDPO ) » if * *t &

rr%'"LfP*rr"?t’lélri %§—¥1 o

14
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RBDPO ¥ {3354 T 7 RiE&- ¥ &7 4~ 4 (fractionation) J¥ v i&& — 78 Bf 42
b L EHT g AEBIRAARI IR EL RSN TAERY TR AL
AEATY AR AL B A B 12 47 7% (palm stearin )~ $ F 7 17 @ (palm olein )°
B B4~ (palmmid fraction, PMF ) Z_ #3573 fiA- skl & L =X 8 (7 4 45 97 17
FlehE o0 KORGSA AR ¢ B SIR A L B TR AT ¢ R R o in
AFH R e R IR LR R e W B L R AR o

BHE A B (dox B0~ S F TR ) Y BRI TR e

WH X ARE G RF G SFA (B IRRE IR L) FFEs ¢ - R EE R

F_*

* & ferginfe (MUFA > 4oid e ) M &2 i3 7 e foigiapk (PUFA » o3 fr
L) o ip R PR S S PR AR s ATEARY AL A2 R R P R B
A S 4 0 JEA RO B o blde o BT RAF S FIE 3 R 4 £ 1T
AR w8 g bR SRR R R FIH MO R AR B IF
%> PR LARFeRY ARER A PMFARGBANTA S2 B> £ 8

ELOUT W ey R R AR R ST R LR X T B g

—=\

R4 (Jinetal, 2018) -

eEBLAEEY GhRWR BEAL FARAS MF TR e
RO RE S a R - 1 # P47 = (palmkernel oil, PKO )
P73 % 40% " 424 (Valenciaetal.,, 1993 ) B iZ g% »t 8 2 2L G AR o 12
1# = #a (palmkernel cake, PKC) % 5 ferfz ifa > L & * 20 8 Ad b &ofir2 Al o

AR Yt AR B R TR e KB E T sk i
BFEFERE S 1 B> RS W33 S FRBDPO o i i A A7 H I 131708 7 i
- HABIATHERY  HT B EPMFE el > BES & B RED

EEB S A7 R Byl AR TR R LR B Eo A2 A

WAL A A RA S R ER BRI s SERTIY RE-RIFEARF T
BEAY EFERRLA L ARIEF R Y BRI T F R o
15
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(E) B 41 PR 34l

CPO A &% » ﬁ&; ?E"F.‘r YrEh T:I’Fﬁ’pt: cap v (FFA) 47 2
o oaraple > FHE L g 4 K 3pkpe (hydrolyticrancidity ) ¥2 § i &Pz (oxidative
rancidity ) o -k 2L s Ed @B~ e A R b g p § ey fRER TS 0 Mz
At b kB A2 LR ke F AT WA S Bek BETFE LT & Y
d UFA ehfpgty 228§ PP i3 4 > #5148 @4 F & (chain reaction ) -
2 RO SRR N TRV § AR YIS R SR

A 874t mee BAF R M H 2V IR e § R S T Tl & R ]

J4:

¢ A a4 % A& E (Desbruslais and Wealleans, 2022 ) - ]+ » CPO i %

EX

EEA R RIE > 2 “,f e r AR B 2R B AR o
247 % adAfL 2 AF I 4 (palm fatty acid distillate, PFAD) % 7 17 ié 4% "0 i 42 @
AT PRl A S % 7 FFA . i feAp i ¥ * 3t #0458 o Jimenez-Moya et al.
(2021) 4, 1 PFAD %7 80 ipery il 5 6 % f 5 B3 & 0 o ook
¥ e AME > e ¥ > A% 7 Hp3%k i FFA 7 4218 30%2 UFA : SFA % i3t 2.6 &
PFAD » #-H 82X B iR & #7222 jd iy > V0% 2504 B dE? > 3 g3 4 6

Pk P REE ALY P o#LR] So o 5 FFA e 1t 3 ¢ i 2

n\,—x,

o#X @ »Kroghetal.(2017)
Rl4p > 72 PFAD 185 g5 Rk 4RO < B 0d o 32 e s £0) 1 5 ¢ )
Wp o BE BZBENEF R Ft > PFAD hd by chjp ¥ > & 1958
PR SRR SRR BT ER O YRR TRS LR B A AT o
H ¥4 5 RBDPO §a~#H A Apis st § ¥ BT oA g d ¥ 55 ¢
d BB cHA RS ERIWHREMA R O BB aT70% d 3t F SFA
FHE R TR T TR F R @R s 2 AR ¢ rﬂmpﬂ,ﬁ it 4
( Chamberlain and DePeters, 2016 ) °
#E R A# M 5 RBDPO 4~ 9 & A5 {5 e B384 » W BRI > R T TR 8
H Y SFA & R ppen50% - d > UFA VW GIRE » It iz L 5 5 ) it =

16
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YT o APERIT R Se 4 ¥ FE % > Hodzicetal. (2008) & d-dpéiter™ "T be 3% B ix
Wi PHEFFEERSE S REARE R ZE o2 R ol i
Favt BilAp D EFE i o Al e B TR AR AL IR 0 0 REIS R eIt (Al et
al., 2025) -

PKO B % i=? HBerd 7y » Higippelea X244 7 b > SFA 7 £ 3
#80%> 77 B MCFA>» H P " jppefop & k5 L o 245 Castro et al.
(2022) 7 3 > #-PKO 4e » & cifflr? » 7 5 22dk B 4070 A8 4 Fed ool 1 5o
2 5EF PKO 7 4v & e 4v o 493 (feed conversion ) » J& 17 8~ ) ez L o gt
# > Seoetal. (2015) 45 i » s % 5 cndlice i 4 20% 3 WA BT L A -4 2 49
W0 foERTE LT Ry eng 4 AR

H# 4 # # (palm oil powder, POP) » = L5 12177 54 > L0 (S~ 415
PR TARAF N 0 B o v 2 e ke S o & I o fic %2 (spray drying)
2 PR it (carrier adsorption) Bl & s A A fE o # SFA M bR F 0 e
BHTHRWAAR L - APETRED B AVEL T Y BB AR EES
RS O LA OTRE E F 4 S 40 (Sa etal, 2018) ¢ 0t
P AR e K ‘@ﬁ%ff?’%%i L2l 7y REGNE T TR LHM
Fia BB wT o P AR RS S 2 b F Cpkpt o 2§ 7 B SFA B oty
B % e o

B R o F HICERZ ARG E KR EG SR A EFEF A e
+ﬁ$’%ﬁ@%ﬁﬁﬁﬁﬁoaﬁﬁﬁw%m%ﬁﬁﬁﬁw%%%ﬁéﬁﬁ’&
FLFET (B R HEER)EEFRE R G DG EFNILG
e WA AL -

Yangetal. (2018) % ' > spd>T 4347 7% > 11 POP Ak&drst i3 v B F 3 2 3

AR Ty S SR LS LR NET e L IR A

ru

i 4k AME ) F o Renetal.
(2020) "T:}ﬁ ' POP &4 e AME B »M 240 2 T 0 " Mgyt 3 = «‘)%J’sﬁ‘ 3
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Goo i POP VB iedt 2 2 £~ 55 § B doplond o

|ra
Ay
T
R0
Il
)
g
&

¥ 51 (Zhangetal., 2020) -
iR R AR bRy B SR PR § EEFS c R AN
FigpREs AP RP FOL R WA RRFAEE S LEFEBRD G By £

M F B4 F ok o blhof S AR RS e d i 1 K S R e §

[
(gl
%
AR
Y
-
==
s

3N

AFF RGBT FAEA BES R R AR 1 W E TR

VGRS 6ol 0 dod CERE R BT TR

E) HFRB B

POP (F 5 #sjrtifl ¥ £ R enBL kiR » B4 HF B B8 @By
£ 3% PR A PRI - POP ¢ §§ % & LCSFA» i w6 ¥ 87 1
R0 BRI FUIY o PR A T 2Tk o pgt Y - dm4dfgikEs & UFA » LCSFA
FEL G AERE I RE R RA AR T 2P E R h e A
AP BRA ARG KR OPOP LY FEAF o FAHIE AL
E kiR 2 50 R gt m B dn BE ) 1L R cRA R - TARAR L 4% LCSFA hft
e qeif i (Zeisel, 2000) « o4 Apgot AR F 0 0 POP # 5 & {2 iR > & 7 & $H
PSR P Y et BB T A TS B PE AL P RS % A O
&7 3 R AL P PR L 60 70-85% 0 AP MRk P B 1 & e 4 (Lizardo etal., 2002 )e
Flt > POP e * »ed b 424800 { 8 ©

T f34-POP A g g it P oG] B B F g A g

ETIAS

FELERRG B M BIRMAE S ¢ o S E kR B 5
(oil-water interfacial tension ) » H#-fi ~ b JF A ST M| b JF 0 W Ao P e
SRR B OAE 0 A B rq e v e o g o 4 d POP ¢ LCSFA #if it 2 % &

% (Guerreiro Neto et al., 2011; Guo et al., 2017 ) -

18
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[ER S S Tﬁﬁ%dﬁﬁ MBI R TS R E o i - 3 A POP i

BAI* saF opFa e 2 BV L REN R KRR L ER NI T A At Bg

&

g
a0

-
R
B’
frh
She
T
Rt
R
i

j G B S S B  fig o AN TRIESC A o
SeFLiV R A A ke (E* 5 5 (L Py ik engt iU ac % (Baido and Lara, 2005 ) o gt ¢F > a3
Hob s itF TR > AR B Y R F (e 2 2 A-DE~K) &% o

Je»x % (Omer and Chiodi, 2024) - & POP 72 W& i & Xk » { & 5 ¥ & 5 fcenE

Fp 4 A ES A G EA R it 26 F - Lietal (2020) 45 dde
BOFEAR & Ui A (Aof s g fadp (sodium stearyl lactate, SSL) £2 1,3-fF e i fiy
TR E ) THEIFRAAEIEDERTH S L AR

ATt > PEi e A POP ¥ his o AgARE ihg BAT A i o W B
R L R A SR 5 LA PR b B A R e B RS 7

PATERY P R oRnRik s i o

()~ B3 ATk

LR R FREFAY O RS- DA FMEELS o U
Priyati and Tyers (2016) <%= % > 4c® 2 #7757 > 482006 & I 2015 & fF » > 3ffa i~
BAREFIORMFHL A WA EREA S AN e Aok E  EH AL P F A

FF b 2IMBA R NI5% e BAFEY PR ST 2 3 E RV BRS

7
>
vy

5 n BRI £ RS PR R R SR E T SR B

LR R R H RS LR R LM

Priyati and Tyers (2016) i&— #3451 R fe b ¥ 3% 2 fef 27 5 » #H
AL ZBHE $ - HEEMIBERIF oS LB L G S o He
MEBRS B FRAfoEF T LR AL LS R Er s P 50
ERE R UM - FHREMETAN ARG AR B R
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CEBFRAfOF ARG P S F SR E LSRR AR E S B
G BB N1 E X TS AL R B R T v P A Tk
P2 BE AR BB R G RERNP DM A IEE T BN LR
o3RRS Frink AU

R p 2022 &Mk - EAFTR AREHIFBHEFLER - 5E
2022 ¢ g2 2025 & P X EhRES F R T ORETE- R o F A
BAEAERDPHRMENRAF BT RRR AL A BR PRI H
R ITH e - VAR TR o USDA  (2025) Bgor 0~ 20 82022 £ 8 7 1l
1,518 % /v T '8 5 2025 & en¥) 1,150 £ ~/ff il RFFte 2N 2 AR
T H S P o AP T o B AR B HRR1E2022 £ 8 7 chig 1,036 F /e
PR 2025 #n%) 1,200 F /6 0 - FikA B X ER 4 P s (B40) e
o IR RPN AR TEERPM P F & (Domestic market obligation,
DMO) Ul - jii ¢ % i AB T« % > frifi 3 et % Bl
B AR ARG g FE e

B FRR R R s ST AE S L R RETEER RS
FFREEPE o E s 1 AFLRT T H R T SERFTENRR
R B e v % 0 T 2025 # MdF A 800-1,000 £ A/eEshdE RPN 0 KA F e
XA B Y RS R R A HEA % o

F— G e Pl AHERE e d HHBRERSRL BY (4o
b g A AoB )0 At G B3 R E ReafE R B kM A3 L o USDA
(2025) B » B $4€.2022 # ¢ X 1,632 % ~/eF 0 B A3 2025 # ¥ 1,380
FAlME MFNEB AR

FEGEE o 2l Ha e i A E Y A e p T

i

PR LERD (X 1,380 % 2/#0) F0h00 (91,200 % 2/#0) HEFE <20
(4 1,150 % 2/oF) 0 @ 1w (1 800-1,000 % ~/of) = A b is o 5 BN
20
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WL 2 £ 3 KPP BIERWR T K A AR T £RTHR AR &
BV RS SR S R TR L — bl T aip 3R 12 R 2

B AR B AR R BRI AR

2014/2015*
2013/2014
2012/2013
2011/2012
201072011
200972010
2008/2009
2007/2008
2006/2007
2005/2006

2000/2001

Production in million metric tons
B Palm oil HM Soybean oil Canola oil Il Sunflower oil

B 2~2000/2001 # 3 2014/2015 # 23 L R {5t b &7 it @ A4 &
Figure 2. World production of major vegetable oils from 2000/2001 to 2014/2015 by

different vegetable oil types

( Priyati and Tyers, 2016 )

(T)~ BB gy

POP iF 5 — #6.8 4 f G enffli 4o B 5 B2 i 5 20 seht 2 R gr 4
A A BN R ey A de 1 B o Bt B AR RO R AR hE > POP
LHes Ff cnoPOP B i e 1 AR 55 22730 Appot i b o s A L %
bl #i RRR £ 353 (Saensukjaroenphon, 2016) 5 e ¥t #e § 7f ¢ 1k 0 i

BRSNS Y E 5 44 (Sa etal,2018) 0 f b > 5 Ak POP A& % - i@

21
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Bifea it L5 T TR REAN RS 0 SR PR R ES A0S
ATz Beoe o i H pE T ey ’*‘fw% B o

AR F TR ER S G o POP LB R AT e T B AT LiER T Py
st o i FHM AL RN 2 ARG TR Y R PR O sl D S g
ﬁKW”%ﬁW%ﬁg°%*M%%mﬁﬁki’ﬁ%%%%kﬁ%g,?mﬁ
¥ giEs

LHPEG S FF M ppea R B RS *@?ﬁéﬁifﬂm%ﬁ ERUNE RN

.'\J>

TR dedk AR B b fora ik § R RE SRR B3

B £ 4fibefory s e POP F1H JEAReng ek > 5 5 w3 3 B & > T AR 3
GRAAGTLREEZ - o SiE- KD G P POP ik & B e 0 &k
POP ¥ ﬂ]‘ heEREH B AR FIH I RIEEERCE RS T AR
F APFED R GETER LRGBS K G AR 2 R Y
POP & 7 47 * i 4ol b 2254 1L ) » P15 2 Ko forg s B Ak ¢ oo
WEAA MR T LSRR RFLEY B F e H RIS O BT
BE O POP 7 WAL T A i M LA A KAEF Y LB H TSP LR

g g I R o FR L Aga 2t ALY SPOP h3p 1 JIAD H B0 3

B REEATE A1 R B POP e B 2R > w H T H AT

2 Je e PR & anig A F B3 F w 4R 5 (return on investment, ROL) » @ 2L & enE
A AR RO E 20 5 (MFEIFF /HFFH) x 100% > 8 ¢ 5

WEAHRFTAREPERIE I Ao HHULR TED THFH & TE g
POP, chif ¥ @ L &> FIZ o F &vE 1 e 1 @97 hehfipde R E A9 F > £ 7
R E AT ROL> TR~ chd A F a0 F kB ehw i o

gm0 6% POPP 4 % 5385c% o bl4e > POP i B E 5 B 35t 5 f ey
EE o BERCEIRE - Xk MdE 4 (Renetal,,2020); ¥k s £ p
HE o SEH7 ML fpEd o I I A re S (feed conversion

22
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ratio, FCR ) > & & T &l = { 5 P& > j8m 2 R4 2 »c 5 (Yangetal,

et > POP ey BB AEH A EE DR RO #P H A4

2oz P

WP ERE R

23
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I ~RRERe I AR
(=)~
. R&daginpij it

FE L8 A i 1 AR B R A N R BF (gastriclipase) ¢ ¥ 5
AT o PReRRITY gy Raldednded TR 4 0 GG ARMERR Y T
feF4L1T*  (Borel et al., 1991; Zentek et al., 2011 ) o 5 f&?q fis4~ 9 &~ fR40H 7 7%

(SEE SIS R E &

2. g oy i
T ) A PR R B R SRR R R R
(gut refluxes ) Z:iEA2 > g B4 B D {818~ | % » BT — H ) L et

(Degolier et al., 1997 ) »

3. F Qds g enig vay i

FE ot cnfg i EPq ) it nd R 30 ire Bt o 3B M e 6 AMCA K
fRo it AR CHEBRY iR B B s L & LR
FESMY DL blhe X FOB S TR R SR FER Y G
Zo— o MBI A BT P AR P iR S A g e (volatile fatty acids,
VFAs) » T d 5 B3 fz o @ PF3pig sy o UFA < 384 4% 5 et 4 1+ 5

SFA (Harfoot, 1978) -

4. g ik

R

TR

P SRR GPERIRBATE 2 MRBARRSED R R R Y o 5 BRIt R
( cholecystokinin )k & = & P> "’%iﬂ?&ﬁ"ﬁ’ 82 vE 7 3¢~ | % (Langlois etal., 1989 )e

A
2

»

RN S T L S S S NS S RS AR SRS S LTy
24
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W (micelles) e & i i > v H 430 3 B ¢ JBET0E §2 70 3 7 P f DB R o
JEA Prg|pr enE i o JLpF > s (colipase) B4 fR s % & > RACET chpr | ¥
* o RiBFn 954 3 (Van Tilbeurgh et al., 1999 ) -

e EAgrEld 25 2R (taurine) > @ R PEL P P2 AR - 2
R r&mﬂr ‘e g & £ 44 o Liuetal. (2014) B dpd o Y AL 0.3%59 2 A
fej Bt R R R AR RA > Fp BRI I IS A2 3% RIEH
i gat EARAAL 5 B o p ¢t > Huangetal. (2014) > fv f 540
Moo 4 2 B (Sghkg) §ERTHER-EL - REER 20 e - 4H
BRI AEIFERRE O MY P AE A R FMIEH o

5. fv iR e B4 (E

# (emulsifiers) s it F 22 @EF 0 > iy B e BB L ) P iF

-34\
"}h

TR F B ERTRE (Guoetal,,2017) F 7 B > bt 7

—,

IS i e

!

B BT E R B R ) 1 R B R R AR S o 5 B A F] L A

K2

)RR e s o 3B A W 4 ) LR RN R il E 4 5% (Guerreiro Neto et

al., 2011 ) -

0. P& f& Py fr ek fRSF] 8 Bk A &

FRRR G E L AR P B L R § E KRS Y
fg tesn-1 frsn-3 ¥ gt > 2 &8 BAFRIFAL IS - B sn-2 RF K5 i
fecnd féH b fig (Borgstrom and Erlanson, 1973 ) « 5§18 » 4§18 » H e ¥ fig & &
BBPRALAN N B s g ia i & iR B e E AR B 4 4 (spontaneously )
AT TR K AR & ek (mixed micelles ) > 14 13 18 5 ek dc (Krogdahl,

1985) -
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(=) =iz
1. B AR = 82 g s e i |
BBk e, S B F | 3 0 PR B & o A4k & (unstirred water layer )
i 4 o o IR R R A B P e 40 02 B kR i B R SRR 5
(brush border ) :& » % + & 'w*2 ¢ (Sallee and Dietschy, 1973; Schulthess et al., 1994 ) -
FPOER a0 E RSP SO IR S R R h B B AR R4

R I IRAR R YRR AT o

2. F I A R g

b~ el AR MCFA 7 W BB JH4CE #5:8 » %+ A P2 (Sallee and
Dietschy, 1973 ) o 28 @ » £ 4dide foiq ik F1 H %5 B8R F s BB E Y R OFAL O B
1R A o g b SBETR AL B B ¢ AT AR ARG B L 0 A 7 B AT

(FFsed ), Km s Hp L m,ﬁ L& pprsd B f%‘fﬁlj‘fri};ﬁ?vlﬂ'{ﬁig: 0

3. R & AR RS I RIZ S = fe Y W fin | fig

AR R N B AR (S AR R R A R T S 2R
Hibfig o frf FoEd o Tl ez E i g 4 B ol (chylomicrons ) 94 3¢
BT kS PR T T o S d bR TR sfeenz fAY 6 fig
A& 1Rk (portomicrons ) A 3¢ i xR o iR IR R Fp 39 (very low

density lipoprotein, VLDL ) 2 3% i& {718 ﬂi;'l (Krogdahl, 1985) »

4. F ey zir Rt L

F b g Foojc@ists Aot A adpiv > i 4% mred J Ay i 2
XY M RISt A e o F Bt 3 & R dE Y W -3-B5p 2 /£ (Glycerol-3-
phosphate pathway ) > @ H a4 b fgi@ SR 52 TR T o Lot > F A& HH7 B
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ARl F L BRAF hB 5l 0 L RFFRE B P e fery ek

i FRE A G A AR HHR -
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(2)~ @ % b B
1. b % pdei® any % 7 i

BAPHCY v T L B R L F 0 A AME o P dk e AME 224p
M40 (doriplas 3) hfl? et L 5 BRE L ¢ Bh b S 12
B E A R e S AT R S P i e B A feAR R S A

SRR R F MERCRER SR RESRTIES -

ek

2. s fE%EE 2 AME &

P B A SN R feE R A Ao ES M Y o EE X BN
BAR EF ¥ St tfirenfbag 0 1 AME ®4 %) % 8650-9510 keal/kg 4 7200-
8000 kcal/’kg (NRC, 1994; Leeson and Summers, 2008 ) o # 4~ {4 /4 7 e17; 35k fe =
Flpexm B L& mpEd an AME & 4 3 7337-10236 keal/kg » 7E @ Fq e AME B
i %+ 8200-10186 kcal/kg » @ 2 e AME & P ™ » 5 6683-8000 kcal’kg (NRC,
1994; Leeson and Summers, 2008 ) o {5 4= t£7d 75 ¢ UFA \* Gl g » @ d 3 (48 g 7
SFA v DI o *q Rt ALY 1 F ehd & B R AR E Y G fr R AR IS
g AR H KRR MARE o it . A% 3 (Sibbald, 1978 ) ©
3. T A B B

M ib i 4r R NRC (1994) 518 0 & % e % & > e R4 1 1T
# 4P FEed 3k o Leeson and Summers (2008 ) 45 &) » e & b g 7 8 7 A28
5% » ."liﬁfé‘uﬂlfi}ju.f@_f“ STEaR R UKR R L T AL E]/;] e (0-30%) ¥
REPPEBUBY tgean@ Fo Mg A R A it FoEa 52 FH

it £ 1% »x% (Mateos et al., 1982) -
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4. Fo e EEEE ) I R A

o E AL RN i 4 T R F R o E St d SRR AL R
PAE SR B e T AR R B g 20 i 4 % 3P4 e bijdro Jeanson
and Kellogg (1992) 4p 1 » %5 §ij i3 @ 9% g mpe ik R i > 7 a0 &2 B35 i Tk )
S ARG B o £ PR 0 Geetal (2019) ST f BT hbeER A L AR

B Fecd p enig s A RN 2 EMET

PR AL 7 R HHR g & I R
WA ER AR ERELA IR FR ST RASEFEA LM
P4 g ) 1 st 4 o Leeson and Summers (2008 ) 4 1 0 b Fg ¢ EAR R AR
7R 5010% P> HApH AME - ¥ 2 75 % 2% 7 & 5 10-20% pF o e
P igipy cEF T EE- HRF O AME BRIEBITE o F g spi s Rk ¢
"% x"&ﬁ”q“‘m“* vHEe 2 e € (Jimenez-Moya et al., 2021) » I B2 5E L o
2Rk e A a5 (Sklan, 1978) © R/ 0 B (B PRI REAAREY e W o

Bl B4t e g P H a4 b fig end) = > jEm s i) i+ (Sklan, 1978) -

6. H i T BT F

CEER RS SPESE NSRS RN SV IR
7o H b Ap BY ch AME, 5 3434 keallkg » 2 H i i 4p £ %+ (Dozier et al.,
2008)c H £ EREME S FIH AT Y Z BEASBRKL > T ERE S kA

3 %

‘3\!—

B A AR B R R T e pt o 0 g et A A R R
T 58 (Best,2006) 0 ik hds s o W VAR A P ERLIAR
oAt 2o it £ o 1395 Madrid et al. (2013) a7 5 > Gk wh #6440 ~ ALY
FOLH AR enAt A T e 4 Askd o ¥ - 2 g o Kijoraetal. (1995) 23k Bw
T AT e 10% o 7 PP EEREE pRE > & FE ARG L B E
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MBI EE - e ? > Mandalawietal. (2014) 3% 21 & p $pée® 7t 10% 4

FERAER MRS 22 PTREHNE cHNA TR F 6% B2 A
f o IR S S T ) A

d
N

<A 4 2 J1EF (Swiatkiewicz and Koreleski, 2009 ) °

7. b v B B R
#.34 @ (heatincrement) dp #4782 & (S H A 4o AL 2 A o APRITROR T E

;}p_bir}n ?.fr,;g,)?;]ﬁq%@ig ﬁ*lq‘oﬂﬁu,; ?‘47:}7T i‘?ﬁ é{]al—i—\:‘l‘:}]ﬁ A,a—pjjﬁg

7 B

~

SE PR A AR Y E R R L R L E

£ SHPA A BB T Y GF MR #7870 22 UFA 7 £ 8 ¢his "a4p vt > SFA

FEF O LT ERARME - ABERBET 0 AL 8% BRI p -
OB F MO A

B enfew] (Zulkifli et al., 2006 ) »
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R Sl
F-F - NARFIRIFPES  BRBRBEL
FHEV EIER

BRH 23RO SFA AV ETERERY P LA EE2 R 4
wabE Rl GRS HRA R DFE w’@**@¢“>$Wﬂ:%

BorerH b o BlE e Hn s - RTINS R R o M ¢ AT S i

WA - ARFHSFA> &5 24 du & &Rl 3 Bt ilagd g and £ Tt

Fulf s R*AEEA Law p e o ZIEERFAERFE L A P R

g

Gl P g B sk > T oM B 2 1% 8- Hawayte p 2 & B

RS PR EF R AV AT AR R RRERE YR e A2 £ T
PEAFOEN BT RAE Y NS AP RBRRERAET I RILSA T 9
RR AL BB RPN RN B A TR i ER RS TE T A

Rt /%EJ peoek F‘ﬁrs)J_ﬂélT!‘% Tl Pé‘%g

EX
Yy
vﬂb
g
;o

=
N
£
ﬂ,&:
=
ok
=5
£
G

iR S Al K
AR R BRI b AR Y PR Rk R Y

TR A AH o ek KB H S UL T R BRRE S o

Pooflas RS EAMTER R gyt B MR 24
4 o TR Bk ALY :mﬁk%ﬁﬁﬁxh’v@@uTﬁﬁpﬁ‘ AL end v R E

Wl E ARIEREES R RN E ’a‘r“f«‘}*ﬁt#f’ BB BEFA LN RN 4

£ ERisiE

—\

SR ERREVS I PSR T R R R S

23

5

R ERE T R R R 0 A 1 AR S K R P R
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SRR
(=)~ % SR P2 BRI

AFEHATR T 2 e H o & 49 39t (Lohmann) 32pp 5 s 7 > 5 T
AP L0 PPN TR > TN 20 MR A ED W39
W TIEE L 1817 £ T2g T E RSk o BT 0 4T HLLI0E Pl %
Bl Y o FREP D A 2 oAk o 3R 4E (FiRA2 %Y Hongetal. (2002) &
Aardsma et al. (2017) 2.3 ;2 o 3FEHB4oa 48 | pr > Wb FmH e > ups d

BN G o BEIE 0 2430 | pEA U H A S

hu
bl
-%;:t
bl
Y
oy
[0}

=t
el
~
3

WAFEHAAGBEE R AR ITE BB R PRI RS R
okl o ERERE RS RIERSS MR Z a1 % 48 B % K
Bk F RIS 30 AL BIFRE A RREF L
B EE L BREP 3 S B BRI A BR S AT (

NRbER BRI HRE ) B L3RR AR G 10% b Fg ¥ 90%
TP o FEHE (68) f Ak gkt TR R0 BFHRPT ol
TRl ke AR HRTEF2E S - #* L2130 K (Super C-100,
Lapack, Japan ) » R A &g sm iy » ety » £ 5 6 R { - g Ko
EDOEART A8 pEin T o Z_p $ 3ol iz B o 500 ok 5% (Freeze

dryer, Heto LyoLab 3000, Thermo Fisher, USA) {8 2 & {8 » 471 * o

(=)~ BE2 kAR 39 TR
1 &5 ed2
PR A T T R AU U FE R R R RS
BT P HIEID T R R OB AR (B DM-6 0 AnRs R L) AR
FRya R 5 # kit 5930 i 20 mesh e g o $20 3 K BB hfk & (Ao

LESRUES A S ot V-t R N R S I L A A
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%+ Association of Official Analytical Chemists ( AOAC, 1984, Methods 7.003 )
2 FEFARE R FEL LR o PR 2g itk Bl A
£ ¥ 3 105°C %45 (OVP-60, YI FENG, Taiwan ) ® 4c#t 2 /] pF > L3¢ F F ¥

FERPLC TP GEBY AT ZE R EAFL cBF O BRELE K
FrEE - EEHEREL IR U X FELERIFNR 2 LA 3mg>

¥
FRFEHL MM - SpEOLERLEL B REERERET 2 250

D R

kA EE (%)

=((Aehpthim2 £ - REickikEes €8 2)/ Akt 2 €2 ] x100%

3. e F-0 HR A

% Association of Official Analytical Chemists ( AOAC, 1984, Methods 7.033-

\\\?{r

7.037) z ¥R R F TR R e i Lo s E[FEEY 03 g 2 FRlk &SRR S
(ammonium iron sulfate, hexahydrate ) » * f=# ¢ R § » Buj2Z L F79 [ F
PFRE- B e fB8am) L g iFi o oo B AR B g 4or - i
it 42_(Kjeldahl tablet, Merck ) & 10 mL JEFifik » Ris & it ¢ B » A gy it &
( SpeedDigester K-436, Buchi, Switzerland ) # 4c#t 1 /] B » 4c$t52 =¢ (F4 fris B )
WieE o sl o % F4E (Kjelflex K-360, Buchi, Switzerland) = i i # # i1 »
40mL Z45 k2 60mL 2. 33% & ¥ i“40 3% > BT EGF B F RTAL % F
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1125 mL4% Fepgdn T (F7 Al ihT B o pH B3 5 7.0) 4 o Btd
& * 0.1 N grpa:g (7 /F € (titrator, 775 Dosimat, Metrohm, Switzerland) > & % 73 %

B OKG HELN d P(}Fkxg‘g,v*n%u—r \,\)Laﬁﬂﬂx,g}n’?ﬁ + o

fed-e Tz g (%)
=(CF Tk &2 mped (mL) - F a3 6 efapd (mL)) x £y £ x0.01401

x625/ &L € (g)]) x100% /w fx 5

vz (%)
=(CF e mFzmpd (mL) - FE3yd eRmpE (mL)) x iy € x

0.01401/ (## &£ & (g) x0.07145)] x 100%

(E)~BRigapes A

ABHRTRY TR ZH BB PBE R T2 Bk oL
LHAEERFTRFRESLSYT A FHERY N ZHRF B DRSS ded 1 AT o
A3T R PR A ARTIIN S 2 2 8 By et S R (MOHWO0014.00) 34 (7 -
FR R EE 60-70°C kiR T EE R BRRER PR RS
drfe OB IR e Ry R X AR BT e r INEF AT EAR B0k
# % (HB-1, WealTec, USA) *# 12 80°C i&{78 it & Jig 15 & 48 > 4 4rid e » 14%
Z & i Y ERA RO A B Y 11 110°C B {Thg Y K B 1S A sBefig it = o (24 T
e r PSR E s P Ao e fog AR FE A RSB KR KR E
TodL 0 B * § 4p & 47 &R (PerkinElmer Clarus 500 Gas Chromatograph, USA )

1T AL A A e

()~ 48 1 F2
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Lt F (%) =((AxB-CxD)/ (AxB)] x 100%
ARERPSY AL KR (%) BrREREEAE (g)-
Ciep? ¥2L2 kR (%) DipEHFLE (g)-

@) 2 7AHEERTET ABRERZ BT

ERUN RALZE R R P R R AT R 1g 2 & #* {438
(2811 Pellet Press, Parr, USA ) /& @] = 43 % o 5§15 o B4 S43 % » Wl N sE+ 2t
(Isoperibol bomb calorimeter-1261, Parr, USA) * » Bl H i 7 £ - 55 » 1235

T ARG AR A R R R

a. # @ ¥ %#hit )k & (apparent metabolizable energy, AME) = (EI-EO) /FI

b. E ¥ & #ic Jk & (true metabolizable energy, TME) = AME + (FEL/FI)

c. ¥ %1 4o ¥ “#a kAR (nitrogen-corrected apparent metabolizable energy,
AMEn) =AME - (8.22 x ANR/FI)

d # %0 Z¥ &3 kR (nitrogen-corrected true metabolizable energy, TMEn )
=TME - (8.22x ANR/FI) - (8.22x FNL/FI)

El: % EO: 208 SFIREAEESE (g2);

FEL : f iffheni $454 (TPHFFBEBEB PP 45 4 )

24 E);

_g_.
1"‘\!3

ANR % B4t (Fp&ar 5 7 £

FNL: piRireng 54 (i enipesd § 2 8)

()~ B3 A ¥
Wk B @ % SAS i3t 4 740 #¥ (Statistical Analysis System, Ver 9.4, for
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Windows10, 2018, USA ) & {7 &d® > #71 #cdpif - 5% (General Linear
Models procedure, GLM ) i& {7 % > £ 47 (ANOVA) - ¥ P-value -]->* 0.05 PF > 4L 3
FRAEFLR R HETES S EF LR E (Tukey's honest significant

difference, HSD ) ¥ % A% ¥ e {d 18 (7 vC 1 o

21252 Bk 28 (%)
Table 1. Composition of palm oil powder with free glycerol (%)

Percentage in the

Composition Content (%) .
fatty acids (%)

Re-esterified long-chain fatty acids 80

C16:0 Palmitic acid 71-73

C18:0 Stearic acid 4-6

C18:1 Oleic acid 13-17

C18:2 Linoleic acid 4-6
Free glycerol 13
Sodium stearoyl lactylate + Porous silica 7

Reference: https://ecolexanimalnutrition.com/
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= 82%
) 1P - R B 2RI RE S TFEH D 21706 8 R B A
N

BB ATR P G P SRR A TS 0 B et bldck 2 T o B R
70 B iR P 45 1 SFA ¢ o 15 47 & (palmitic acid )eft )4 B] 5 74.11 - 74.68%
B F B0 ¢140.18%4p & ¥ > & UFA = 6 > & B3 470 s ehud fart 5](15.51
{r 15.04% )22 7 Frid et 51(3.01 v 3.20% )32 Mtz 4 (4 %] 5 40.92 v 11.12% )e
BiFM AL 25 REB G o pik (e BT Fre i) Ra el B
BiRSBGS G2 B ERFR S o B S ARIFE s & UFA

SFA + (A %% 024 40024) & 34474 0 1.06 -
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F 2~ P2 e s (%)
Table 2. Fatty acid composition in oils (%)

POP!
Fatty acid Palm oil
with free glycerol

POP!

without free glycerol

Saturated fatty acids

C12:0 Lauric acid 0.20 0.09 0.07
C14:0 Myristic acid 0.93 1.17 1.09
C16:0 Palmitic acid 38.54 74.65 74.92
C18:0 Stearic acid 4.08 4.86 4.75
C21:0 Heneicosanoic acid 4.64 - -
(C24:0 Lignoceric acid 0.08 0.08 0.07
Unsaturated fatty acids
C16:1 Palmitoleic acid 0.17 0.07 0.06
C18:1 Elaidic acid 0.05 - -
C18:1 Oleic acid 39.25 15.62 15.09
C18:1 Vaccenic acid 0.68 - 0.29
C18:2 Linoleic acid 10.67 3.03 3.21
C18:3 Linolenic acid 0.51 0.37 0.36
C20:1 Eicosenoic acid 0.13 0.05 0.04
C20:3 Eicosatrienoic acid 0.07 - 0.05
Saturated fatty acids 48.47 80.85 80.90
Unsaturated fatty acids 51.53 19.15 19.10
Total fatty acids 100 100 100
Proportion of unsaturated to

1.06 0.24 0.24
saturated fatty acids
Ipalm oil powder
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E)2AB - RERFAREFFELFTERF EHAH

WERATR Y ML AR ERE R GHREAITE DY RIS T ETHEA L3
SEn o BREET 0 2ok ehikai ¥ NRC (1994) #BlEAp £ H < o Alda > 6 o
i+ p2Rerefer g2 RO P AR 2R EF gFFH
Hupu B2 202 Bign b+ b REeter a3 eamidn
BEHM (P<00S) izt FzE 0 KRR+ AP 2REL B T 2

SR BB REP EMERI VIR A S AN BIFAB IR

ZRESFEPEHE PP LR IHF - F 7 EAFREHE T 2 AR F RN
His =z (P<0.05)-

LR Py A s F R THESERA TSI 4 977 o
oo rHMZBRAR AR REP e S B ZBRWA R I N B LR
ErERFF AP EfRERA TN B2 R EL 2 (P<005) 5zt 7 27
» A LB ARFE (P>005)F s EAHET BRI LR EDF § ki
ITRF oA FHADIBRAPFIAPB LIRS E R L eF LI R ANY
8% 4 (P>0.05)-

Lo FRHZEAIRESAcE ST c Ak FENE S EFR N

PrHdB WALt AR LR EPEY A RIFR LA B LR ES BT

|

ﬁﬁiﬁﬁﬁ%+i%%iﬁ@%gw§ﬁmi’ﬁﬁﬁﬁaﬁiiﬂ?%@¥

40!

(P<0.05)c #7F w355 i § T »rhaf ; 53 /0§ 780 7
PErHB I GRAE T IAR LR EFEL fF T BTN I AR R0y

HoZ B b+ B2 RESFE ‘F‘1‘(P<005)’ﬂZ BRI R2ZRESR
H2FRIZAZHF (P>005)  Hap= e F2 f & TH~ al¥FLdah (P>

0.05) -

39

doi:10.6342/NTU202504354



ERCNE NS PR PR AR WANAS i

Table 3. Composition of intubation samples #

90% Corn 90% Corn
90% Corn . '
) powder mixed powder mixed
4 Corn powder mixed ) . ) |
Group . with 10% POP"  with 10% POP SEM  P-value
powder with 10% o ]
. containing without
palm oil
free glycerol free glycerol
Gross energy
4071.37¢  4559.93% 4407.93° 4556.23% 20.73  0.021
(cal/g)
Dry matter
0 86.80° 88.11% 87.75%® 88.11% 0.35 0.032
(%)
Nitrogen content
(%) 1.15° 1.04° 1.04° 1.04° 001  0.025

*Measured values, n = 6.

*a-c indicates significant differences within the same row (P < 0.05).

Ipalm oil powder

24~ R g A IR EES £ A ST

Table 4. Composition of freeze-dried excreta samples from different oil sources #

90% Corn 90% Corn

90% Corn ) .
. powder mixed powder mixed
" Corn powder mixed i | i :
Group . with 10% POP"  with 10% POP* SEM  P-value
powder with 10% o ]
. containing without
palm oil
free glycerol free glycerol
Gross energy b b
3288.82 3417.48 3529.11% 3693.80% 64.60 0.031
(cal/g)
Dry matter
o 91.89 91.23 92.19 91.66 0.01 0.928
(o)
Nitrogen
14.10 13.29 12.77 12.01 0.64 0.649

content (%)

*Measured values, n = 6.
*a-b indicates significant differences within the same row (P < 0.05).

Ipalm oil powder
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25 -2k kiR

F RS

Table 5. Nitrogen retention from different oil sources

90% Corn 90% Corn
90% Corn ) .
) powder mixed  powder mixed
4 Corn powder mixed ) | ) .
Group . with 10% POP"  with 10% POP SEM  P-value
powder with 10% o ]
. containing without
palm oil
free glycerol free glycerol
N intake, g 0.300* 0.275° 0.274° 0.275° 0.0001 <0.001
N output, g 1.08? 0.87 1.03% 0.75° 0.07  0.026
N retention?, g~ -0.78° -0.59% -0.76° -0.472 0.07  0.031

*Measured values, n = 6.

*a-b indicates significant differences within the same row (P < 0.05).

Ipalm oil powder

Nitrogen retention is calculated as the difference between nitrogen intake and output.
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G) FPEPPRarim2BERELG T F > AME ~- AME, » TME ~ TME, 2 it £

iy

? g KiRZ2 R E Rk e ) it F - AME ~ AME, ~ TME ~» TME, £ it £

FitFmnEEkdod 6 o BHP > A ZHBZHRWRE T AR 2ZRES LD

P O BER AR LIRS A B LR EF Y (P<0.05) it
BAMC w2 BRAMFLE S (P>005) 2 5= w2 fed Fif it F @ £

A2 28¥ (P>005)-

AAME 2 5 iR+ 2 A B2 R EP EeEEFESF (P<005): A 282
PIEEE B ™ (P<0.05)> eH 4 o2 FFREafgF L8 34 (P>005) 23Kk
2. AMEn g F Mot B gz o5 (P<005) X g4 2 Rrifad+2 A p2RE
Flrds BFOTHARS 2y (P<0.05) - X Fir L 87 ¥ (P>0.05)

ME &% TMEn &z "% > & + i AMEn @2 WV 8®F55 F o

Rt
|3
=3
—~

I Bt F o el BFraFL R A (P>005)-
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£ 67 Wiy kiR R ERALE S ) - % - AME ~ AME, ~ TME ~ TME, 2 i £
/ﬁ it _}
Table 6. Dry matter digestibility, AME, AME,, TME, TME, Concentration, and energy

digestibility of mixed samples from different oil sources

90% Corn 90% Corn

90% Corn ) .
. powder mixed  powder mixed
4 Corn powder mixed ) | ) |
Group . with 10% POP" with 10% POP' SEM  P-value
powder with 10% o )
) containing without
palm oil
free glycerol free glycerol
dry matter
R 78.19% 80.84% 75.92° 81.76° 1.19  0.033
digestibility (%)
AME? (cal/g) 3568.67°  4046.17% 3879.99° 3985.68° 22.51 <0.001
AME,? (cal/g) 3569.22°  4046.52% 3918.79° 3985.94% 22.52  <0.001
TME* (cal/g) 3921.79°  4397.74% 4232.92° 4336.25% 23.21 <0.001
TME,’ (cal/g) 3922.42°  4398.17% 4233.61° 4336.58* 23.17 <0.001
energy
. 96.33 96.44 94.97 95.17 0.35 0.537
digestibility (%)

*Measured values, n = 6.

*a-c indicates significant differences within the same row (P < 0.05).
Ipalm oil powder

2AME : apparent metabolizable energy

3AMEn : nitrogen-corrected apparent metabolizable energy

“TME : true metabolizable energy

STMEn : nitrogen-corrected true metabolizable energy
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()~ i g A u it sl & 85 9 F3-5 2 AME » AME, - TME £ TME,
20h 7 10t Bl & g B 1L 3-8 20 AME ~ AME, » TME ¥ TME,, ¢4 % 4r 4
TEm e RN G R FH B ZRRERRN EAT B F R E A
2 FRAF R R e

PO B3R AT R D AME fr AME, B2 7§ 2 iR b 2
HELR  LHOHFFHIHIZHERLL (P<0.05)-

IR BEF B 240 2517

2

& TME v TME, * & >
W (P<0.05) @4 a2 BFubledeas
SR EMELE (P>0.05)-

PR R

PFEZo O Z AN RAR LR PR o 3178 9 AME
fo AME, BB ¥ 357 2HB 2 HRIB0F > d B4 BEFF T2 H DL HRRP 5
(P<0.05)° Pt > ETMEfc TME, > 5 » BiF P EF 337 340 2

T A7
BooapEMEFFN ML BWME (P<0.05)-

F x

A AR B otk BIRE B AT 2 LR R B R Z (SEM) 32
Ft (267.03-267.35) 0 @ rlip B i F R

E AT 2 AR B R AL PP AR R

/] (31.07-48.18 ) > (R Fmantizigs o

B
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Fe T~ 3 B b P Bt g B £ 535 22 AME, AME, TME & TME,
Table 7. AME, AME,, TME and TME, of different oil calculated by proportion or energy
digestibility

POP! POP!
Group” Palm oil SEM P-value
with free glycerol  without free glycerol

Gross energy (cal/g) 8957.43% 7437.47° 8920.53% 7.81 0.026

Calculated by proportion

AME (cal/g) 8343.70° 6681.88" 7738.75° 267.35  0.005
AME; (cal/g) 8347.20° 6687.50° 7741.40° 267.31  0.005
TME (cal/g) 8676.38" 7028.70° 8061.41% 267.08  0.008
TME. (cal/g) 8679.89° 7034.32° 8064.06% 267.03  0.008

Calculated by energy digestibility

AME (cal/g) 7947.83° 6546.26¢ 7802.99° 48.18  <0.001
AME, (cal/g) 7948.18° 6546.82° 7803.26° 48.18  <0.001
TME (cal/g) 8638.42° 7063.14¢ 8489.33 31.07  <0.001
TME, (cal/g) 8638.77° 7063.70° 8489.60° 31.07  <0.001

*Measured values, n = 6.
*a-c indicates significant differences within the same row (P < 0.05).

Ipalm oil powder
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Figure 3. Pre-trial collected and freeze-dried excreta sample
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Table 8. Nutrient composition and analyzed value of diets for broiler

5% Palm oil 5% POP' 5%POP!
Ingredients, % Basal diet plus  95% with free glycerol without free glycerol
Basal diet plus 95% Basal diet  plus 95% Basal diet
Corn meal 55.24 52.47 52.47 52.47
Soybean meal 35.62 33.84 33.84 33.84
Fish meal 5.00 4.75 4.75 4.75
Palm oil 0 5 0 0
POP!
with free glycerol 0 0 > 0
POP!
without free glycerol 0 0 0 >
Ca(H2PO4)2 (21%) 1.04 0.99 0.99 0.99
CaCOs 1.09 1.03 1.03 1.03
DL-Methionine 0.32 0.30 0.30 0.30
Lysine-HCl 0.19 0.18 0.18 0.18
NaCl 0.30 0.29 0.29 0.29
Vitamin premix> 0.30 0.29 0.29 0.29
Mineral premix’ 0.20 0.19 0.19 0.19
Choline-Chloride (50%)  0.15 0.14 0.14 0.14
Coccidiosis medicines 0.05 0.05 0.05 0.05
Silica sand 0.50 0.48 0.48 0.48
Calculated value
Crude protein (%) 23.0 219 21.9 21.9
AME, (kcal/kg) 2900 3187 3108 3180
Analyzed
Dry matter (%) 88.14 88.86 89.57 89.86
Crude protein (%) 22.94 21.79 21.80 21.80

Ipalm oil powder

2Vitamin premix supplied per kilogram of diet: Vitamin A, 9,000 IU; Vitamin D3, 3,000 ICU;
Vitamin E, 30 IU; Vitamin K3, 2.2 mg; Vitamin B1, 2.2 mg; Vtamin B2, 8.0 mg; Vitamin
B6, 4.4 mg; Ca-pantothenate, 12.0 mg; Niacin, 66 mg; Biotin, 0.2 mg; Golic acid, 1.0 mg;

vitamin B12, 0.02 mg.
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3Mineral premix supplied per kilogram of diet: Cu (CuSO4-5H20, 25.45% Cu), 8 mg; Fe
(FeSO4-7H20, 20.09% Fe), 100 mg; Mn (MnSO4-H20, 32.49% Mn), 100 mg; Zn (ZnO,
80.35% Zn), 75 mg; Se (NaSeO3, 45.56% Se), 0.30 mg.
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Table 9. Effects of different oil sources in mixed diets on the growth performance of broiler chickens

5% Palm oil 5% POP! 5%POP!
Group# Basal diet plus 95% with free glycerol without free glycerol =~ SEM P-value
Basal diet plus 95% Basal diet  plus 95% Basal diet
BW2 g
0d 39.92 39.97 39.89 39.89 0.95 0.999
10d 225.082® 247.78* 204.52° 220.23% 7.56  0.008
21d 824.68 880.63 805.17 845.27 24.85 0.220
35d 2012.61 2021.44 2073.97 2071.64 44.76 0.797
BWG?, g
0-10d 185.16% 207.812 164.63° 180.34% 7.38  0.005
10-21d 599.60 632.85 600.65 625.04 19.15 0.670
21-35d 1187.93% 1140.81° 1268.82 1226.37% 30.92 0.044
0-35d 1972.69 1981.47 2034.08 2031.75 44.32 0.708
Intake, g
0-10d 227% 236° 204° 216% 5.63 0.008
10-21d 1223 1235 1249 1248 27.41 0.928
21-35d 16942 1543° 17112 18222 59.15 0.030
0-35d 3145% 3015° 3164® 3286° 65.01 0.038
FCR*
0-10d 1.23? 1.14° 1.242 1.20% 0.02 0.024
10-21d 2.04 1.95 2.08 2.00 0.03 0.236
21-35d 1.43 1.35 1.35 1.49 0.04 0.342
0-35d 1.59 1.52 1.56 1.62 0.03 0.254
EPP°
35d 361.42 379.77 381.19 367.04 11.89 0.661

"Measured values, n = 6.

*a-b indicates significant differences within the same row (P < 0.05).
Ipalm oil powder

2BW: body weight

SBWG: body weight gain

*FCR: feed intake/ body weight gain

SEPI: European Performance Index, [(Survival Rate (%) x Body Weight (kg)) / (FCR x

Days to Market)] x 10,000

59

doi:10.6342/NTU202504354



E) PR rRREAEH S PRI ARG EY IV F

Fled Ry KRR Y B A B2 RSB BN F R d 10 AT o

WAL (0-10 p#s) - Az i 1 FEEFF T 95% AAAM + 5%
SEAEY b 2 R B B 05% A #HAHE + 5% F S w2 iR ke (P
<0.05) > @ 95% A#HAR +5% BIFW L] A4 A A MR 905% A# AR +
5% MY ML IR B el 0 FoapF LR (P>0.05)-

B4 Ed (10-21 p#2)> A#4HE ~95% A#F4LH +5% B 28 95%
AELEM + 5% FHBEH SRR R RN B FOEF R 95% AHA
B +5% 7 25 w2 BB e (P<005) awmze2 FPREELR (P
>0.05) -

AT (2135 p# ) v At F s Bt FaEELE (P>0.05)

AR A kg o AT AR B SO ERE A LA HER
% (P<005): %58 (2135 pd&) chic B3 i FEEF B> 7 48 (0-10 p #)
fod £ 8 (1021 p#) (P<0.05)° p*¢b » 95% At +5% 117w 29 95%
KAt + 5% 275 w2 BB B ahd B £ FHEF BT Y
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Table 10. Feed energy digestibility of different oil sources in broiler chickens at different stages”

5% Palm oil 5% POP' 5%POP!
Stage Basal diet  plus 95% with free glycerol without free glycerol = SEM  P-value
Basal diet plus 95% Basal diet plus 95% Basal diet

Starter
(0-10 73.49% 70.852b7 68.17°% 67.11% 0.62 <0.001
days)

energy Grower
digestibility  (10-21 74.41% 73.21% 73.11% 70.84% 0.57 <0.001
(%) days)

Finisher
(21-35 76.80% 76.39% 77.24* 76.91* 0.38 0.568
days)

SEM 0.54 0.71 0.84 0.92

P-value  0.008 <0.001 <0.001 <0.001

n=6
*a-c Significant differences within the same row (P < 0.05).
*x-z Significant differences within the same column (P < 0.05).

Ipalm oil powder
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¥ en AME & 257 T B F 3 20T s frd £8 (P<0.05)-

RN R A RA LR F Aok 12977 o AT 0 B IF
2R RO FREER AR N IR RS R M 2RI
(P<005)> @ tsa K2 BRlagFLE (P>0.05)-

BA LY BRI R B FEFR N AR M BRI (P<
0.05)> @ Z P4 b 2 IR BRI 408 S 2 B> i s RIOEMFLE (P>
0.05) «

ERTH R KRRz pa B P FEaEFLR (P>0.05) A% G

BiPM 85.78% ~ 7 5AEH M 2 AR b 88.53% B S H M 2 BriF e B

88.42% -
/’!@_‘g\'&bg‘ﬁ‘”bﬁikﬁ ’ ifﬁ‘k"@ KPG8 & /ﬂ (R =T o A e R
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LT > B O AME/AME. | A VA E B 5 AR B 2 BIF R B 2 7
SN Z R R (P<005) mfsd X2 FFRlakE iR (P>0.05) &4
P A= 4 GRS i B A 225 9 5 SR F203D 69% 0 @ 1 b e
® oL L A B B0 R 28-34% o

B LYo AME/AME, B A VB E R AR 6 2 g b (P
<0.05) @ § A3 B2 BFM BRI A0S 2B 2Hes woEF L8 (P
>0.05)° st pFe P OALEHR AN D I oxF e AR P8 2% -

BT = fE0d fy kiR AME/AME, f A v 3oglEE 18 (P>0.05) 4
GG IR 96.69% ~ 7 AFAEH b 2 127 B 100.56% 22 H 7 AEAEY b 2 PR B

101.08% » B iFi 2 eni_» st e p o FEs e B0 seF e BT A AR

a0

A R pp ek § 0 2 fER fy kRS AME/AME, A ISR L 4 £

MEFHRS o HEREDAME/AME,f A A T A F R YT AP (P<0.05)

34
|
bl
Mo
-1
pou

WAxea F2 FogiE- aoayE it (P>0.05). 754y @ 24z
bk e AME/AME, B 4 v 4 £ fose T 35k ¥ 07 i (P<0.05) #
75 W 2 P R D AME/AME, B AV e T A F B0 T S ot £ #(P
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Table 11. AME of different oil sources in broiler chickens at different stages”

Stage Palm oil

POP!

with free glycerol

POP!

without free glycerol

SEM  P-value

Starter
(0-10 days) 5492.40%

AME Grower

(callg)  (10-21 days) ©0784.40™
Finisher b
7683.23%
(21-35 days)
SEM 364.23
P-value 0.002

2227.78%

4994 ,352bx

6583.88"

422.56

<0.001

2210.77%

4622.55%

7887.22%

442.95

<0.001

465.86 <0.001

390.54 0.002

258.76 <0.001

fn=6

*a-b Significant differences within the same row (P < 0.05).

*x-y Significant differences within the same column (P < 0.05).

Ipalm oil powder
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Table 12. Fat energy digestibility of different oil sources measured in broiler chickens at
different stages”

_ POP! POP!
Stage Palm oil ] ] SEM  P-value
with free glycerol without free glycerol
Starter
(0-10 days) ~ 61.32%  29.96" 24.78% 713 <0.001
Fat energy
. ... , Grower b b
digestibility 75.74%  67.16™F 51.82% 6.33  <0.001
(10-21 days)
(%)
Finisher
(21-35 days) 85.78%  88.53* 88.42% 372 0.561
SEM 6.75 7.18 7.16
P-value <0.001  <0.001 <0.001
m=6

*a-b Significant differences within the same row (P < 0.05).
*x-y Significant differences within the same column (P < 0.05).
Ipalm oil powder

2Fat energy digestibility: AME of fat / gross energy of fat
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Table 13. Percentage of AME of oil from different oil sources in broiler chickens at different

growth stages to AME, of oil in roosters”

_ POP! POP!
Stage Palm oil ] ] SEM  P-value
with free glycerol  without free glycerol
Starter b b
69.10% 34.03% 28.33% 7.48  <0.001

(0-10 days)
Percentage of Grower
AME to AME.  (10-21 days) 85.36™ 76.28x 59.24% 6.64  <0.001
(o)

Finisher

(21-35 days) 96.69 100.56 101.08 3.91 0.473

SEM 6.92 7.57 7.53

P-value <0.001 <0.001 <0.001

fn=6

*a-b Significant differences within the same row (P < 0.05).

*x-y Significant differences within the same column (P < 0.05).

Ipalm oil powder
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LBt Tl R HF RS T A2 S FRpL o Abdollahi et al. (2021) %7 §

Fdn Al e p A AME R 7§ BV a FR N

[}
=
i
=
9 \\

o ip— FIMBH
pA A EFERF AR ETR T EET T TRY o

j‘lj';i: -0 e %%F‘:‘/’HT%C/E"FI 2. AHAMIT L H 0 fy AME

R Tt A iR CIRLAC I L - A IEFEEE)HEB R
flest B o i EISRFLE R T (6T g R S el - S R LA

HERS FNFETE CFRY AUPEY % AT RE S50 N TR e

7/

RfLpe it B45 2 % A#H bR v 7R HE LY (PR AREE ) YT

B LA ERYER B R LB 5% m’] R 5 AR - -

Flt o AT F B X% Tancharoenratetal. (2013) ¢ % = ;2 > i i v A H A KT
B e R b v AR R GE G b TS B B AME -

TR BRIl e a5 P4 EFE (10 P#) TRBE RIS % >
GERIHEPEH D LB RS E L AT AT RE o 2 R AR A 35 pRpF
ARIA 0 PP R T EFFYA AR 2 IS

FEFRLN M AAFTRAL RS TN T SR ET
Y R4 o R DIRB PE S E S0 p BT R R B L e K R
Fm BRI EF N R T AR ER A A R R H e 0 B

Fc L 1 AR forg WApL ey it soza S (Baido and Lara, 2005; Tancharoenrat et al.,
2014) ¢ BB MHIR T AR F-0 5 AME, B 1% 5 offcfe > kg N E L&

TofFEE AR YA RFRAEOY AL ER R Y ELEG YL D
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TEF)EHEANFES L 4] (Summers et al., 1990; Leeson and Zubair, 1997;
Zubair and Leeson, 2019) » # 3 #FH> S P F 2 V| EREH w7 H LR D & F
BHRSEFS A ETEHREApy B HE R EFLE D 3R
ZHRWA B AR R R EI AL PR T BFFITH R 5 Pk o & Kk
#1 (Mandalawietal.,2014)« Xm > of s FiEd B AR ESHEE R
e G B s B E e agflandk R kg o T B AR B2 K o

S %‘i AR ¢ A fh ok 4 EEFRalF LR R T 1T E4GE Lin
etal. (2020) 5 # HPHR 405 1A T ] Bk 2 A RRRP L WAL 0 A
AL E RS .

Liuetal. (2020) %= 7 vt d 7 ; ’J v 0.1% iV B n B RE > BRET
By - PER PRt HnENd RAREHRE I HEFLE 5 VIR

e e BEs-chdin B Ao Tl E AR

A

o

23
.M‘_
%
em
"

B
P egxXFla g AR hFIE o
AR T 0 ARG T Bt B A - KRB L SEPR B I b A S b By ik
Ww Fen BER TR SR ES v Fend L AILL BEUP S TR T
Flann BRERETwFEE B FlR i o 2R3 %RY > A#HSE +5% 77%
B b 2 B B Ew et L AL ) S 0.35% 0 49 F *t Liuetal. (2020) #7%* & &
358 > BH Y ok B panger it s APt gt LAR
Ao BAR S MERETE AL 5% 7 7R N 2RI
Pl w i BIRAHA Y +5% 5 FEEH b 2 BB 2% 8 1 T0kcal/kg - 124k
Leesonetal. (1996) e%= 3 > "gF4Hric £ 34 » b end LA Mu ¥ {4 24
ERFIEM g herda e o - R R RRTAHRL A F AR et 4
£ AR @ 3 7 A gt R B A G B RA B b e u L Bl £ 4
RAEMFLAR B MR B FHERRF AR BN Az B P
e it FoaRFLR o Vi A R Bt RARAFFLEORTFIZ - o
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BALA T ARRBRR G ORAH 2 o ] B A B R G R
it B4R B@RAEM A G S THT SR o RN T BREF Y BN E -
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Hendg ik RE AR F R b en it £ AR PR R A e ¢
£ R U FERR G 5 R R B b 2 e o

B AERE O FLEFIRNABEEFR I FA O KE BT R0 P
Hoow T P RIE g iy AME B2 S 3 G- HRIE o0 AMEn (B0 B3R 2 eg 3 0
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WA 5 101.08%) > BEom st FF L O FLE Pa i £ en) * s @ 2 SR G0 Fap
BOHE o v P2 TH A Ao R G Py (& 35 SFA BRI hiz iF
i 21 SFA W B F chid 45 ) 39 TAp i ehis BN C 0 & 13 BEor = #A g kiR
Falxi® (P>0.05) iz % ¥ Baido and Lara (2005) thig % 4p 7 &3 >
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FTERPFTRALEK P TRE T R PR 2R T AME, BF (756 p R
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EE LN TSRS S

69

doi:10.6342/NTU202504354



52 BB HY R AL ARLITR

4= El ’Ji f#@.,&%”ayﬁﬁi’

B T2 Rl R iRz - s i B 2
UHEAEZ R aBRATE- Sl AP b H Ad g 1t EARSPE

e TR R
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N 2 o <R dpE:
(GO =2 2L X -F: )

A 0 p#L2 6 p F (Ross3080 2 A 22 ) ig {74 L3%5%k » B % S
# 3% 3+ (randomized complete block design, RCBD ) o &5 B 4570 > #73 Srigioie (3
FFEgiey o TIOME L 4441 £ 26l g " EF A E BRI 35P 0 A

= BAPRPFE (0-10~10-21 ~21-35 p# ) o Bk eB & A 5 3 e &8 64

A 10 > AR5 HBRE S 25 W2 B AILEE T 353 W
2 AR AT o S IR £ 4P (% - DAY e S%AE B S
=) B/ ¥ ‘v 5%p F ok ) e e A & 4 Ross 308 Broiler Nutrition Supplement
(2019) 2. ¥ % ER > £ 2 & NRC(1994) ¥ o | fpehdf % § faef7pe= 355
MEF~* G AERPE SEAPREBUF R Lo YR F R2E0 £
0 FERGM (L4 141 16) 2R RPN ERAE? M 252 AME,
SRy e

Wit ifpPErIaet TR REEALRBER - » PFEF
BEY T EE A RB RS 38°C MR AL 4 A EEAEEEER R
BREM2C 21 3FS#FENBREER (9 25°C) & iRk g o kg ILIn
Ao FEE 3 pRTERY E P 24 PR 2 SAELE D 23 PEFRE | TS
FHED 20 R o FHRYFIREAA S T RRNE BRI DRE - X

(% 10~21-35 p &) eFREME L FIpbp e » 2 (P LT - Y

44t sx % (Feed conversionratio, FCR) = # &4 8 & (g) /#iHH £ (g)
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(=)~ B34

W By 7 SAS it A 74088 (Statistical Analysis System, Ver 9.4, for
Windows10, 2018, USA ) it {7 ed2 > #7 1 #cdp i B - A58 (General Linear
Models procedure, GLM ) & 7 % = 4 47 (ANOVA) - % P-value -] ** 0.05 F¥ » 4L %
FAMFLRE U HETE RN FLLRE (Tukey’s honest significant

difference, HSD ) ¥ % A2 ¥ e {d 18 (7 vC 1 o
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Table 14. Nutrient composition and analyzed value of diets for broiler, 0-10 day-old

: : POP' POP!
Ingredients, % Palm oil ] "
with free glycerol ~ without free glycerol

Corn meal 52.35 50.73 52.24
Soybean meal 36.14 36.42 36.15
Fish meal 5.00 5.00 5.00
Palm oil 2.92 0 0
POP!

. 0 4.25 0
with free glycerol
POP!

) 0 0 3.01
without free glycerol
Ca(H2PO4)2 (21%) 1.05 1.06 1.05
CaCOs 1.08 1.07 1.08
DL-Methionine 0.32 0.32 0.32
Lysine-HCI 0.19 0.19 0.19
NaCl 0.30 0.30 0.30
Vitamin premix? 0.30 0.30 0.30
Mineral premix? 0.20 0.20 0.20
Choline-Chloride (50%) 0.15 0.15 0.15
Calculated value
Crude protein (%) 23.0 23.0 23.0
AME, (kcal/kg) 3000 3000 3000
Analyzed
Dry matter (%) 87.76 88.53 88.76
Crude protein (%) 23.30 22.87 23.33

Ipalm oil powder
2Vitamin premix supplied per kilogram of diet: Vitamin A, 9,000 IU; Vitamin D3, 3,000 ICU;
Vitamin E, 30 IU; Vitamin K3, 2.2 mg; Vitamin B1, 2.2 mg; Vtamin B2, 8.0 mg; Vitamin B6, 4.4
mg; Ca-pantothenate, 12.0 mg; Niacin, 66 mg; Biotin, 0.2 mg; Golic acid, 1.0 mg; vitamin B12,
0.02 mg.
3Mineral premix supplied per kilogram of diet: Cu (CuSO4-5H20, 25.45% Cu), 8 mg; Fe
(FeSO4-7H20, 20.09% Fe), 100 mg; Mn (MnSO4-H20, 32.49% Mn), 100 mg; Zn (ZnO,
80.35% Zn), 75 mg; Se (NaSeO3, 45.56% Se), 0.30 mg.
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Table 15. Nutrient composition and analyzed value of diets for broiler, 10-21 day-old

: , POP! POP!
Ingredients, % Palm oil ] |
with free glycerol without free glycerol

Corn meal 55.33 53.38 55.20
Soybean meal 33.69 34.03 33.71
Meat and bone meal 5.00 5.00 5.00
Palm oil 3.52 0 0
POP!

. 0 5.12 0
with free glycerol
POP!

) 0 0 3.63
without free glycerol
Ca(H2PO4)2 (21%) 0.46 0.47 0.46
CaCOs 0.52 0.52 0.52
DL-Methionine 0.36 0.36 0.36
Lysine-HC1 0.13 0.13 0.13
NaCl 0.30 0.30 0.30
Vitamin premix? 0.30 0.30 0.30
Mineral premix? 0.20 0.20 0.20
Choline-Chloride (50%) 0.15 0.15 0.15
Coccidiosis medicines  0.05 0.05 0.05
Calculated value
Crude protein (%) 21.5 21.5 21.5
AME, (kcal/kg) 3100 3100 3100
Analyzed
Dry matter (%) 89.24 88.97 88.82
Crude protein (%) 21.56 21.48 21.62

Ipalm oil powder

2Vitamin premix supplied per kilogram of diet: Vitamin A, 9,000 IU; Vitamin D3, 3,000 ICU;
Vitamin E, 30 IU; Vitamin K3, 2.2 mg; Vitamin B1, 2.2 mg; Vtamin B2, 8.0 mg; Vitamin B6, 4.4
mg; Ca-pantothenate, 12.0 mg; Niacin, 66 mg; Biotin, 0.2 mg; Golic acid, 1.0 mg; vitamin B12,
0.02 mg.

3Mineral premix supplied per kilogram of diet: Cu (CuSO4-5H20, 25.45% Cu), 8 mg; Fe
(FeSO4-7H20, 20.09% Fe), 100 mg; Mn (MnSO4-H20, 32.49% Mn), 100 mg; Zn (ZnO,

80.35% Zn), 75 mg; Se (NaSeO3, 45.56% Se), 0.30 mg.
74

doi:10.6342/NTU202504354



16~ 0 p RAVER S BB R o 0 47E 0 2135 p &
Table 16. Nutrient composition and analyzed value of diets for broiler, 21-35 day-old

, _ POP! POP!
Ingredients, % Palm oil ] |
with free glycerol without free glycerol

Corn meal 60.55 58.29 60.39
Soybean meal 28.29 28.68 28.31
Meat and bone meal 5.00 5.00 5.00
Palm oil 4.07 0 0
POP!

) 0 5.92 0
with free glycerol
POP!

) 0 0 4.19
without free glycerol
Ca(H2PO4)2 (21%) 0.19 0.20 0.19
CaCOs 0.42 0.41 0.42
DL-Methionine 0.35 0.35 0.35
Lysine-HCI 0.19 0.19 0.19
NaCl 0.30 0.30 0.30
Vitamin premix? 0.30 0.30 0.30
Mineral premix? 0.20 0.20 0.20
Choline-Chloride (50%) 0.15 0.15 0.15
Calculated value
Crude protein (%) 19.5 19.5 19.5
AME, (kcal/kg) 3200 3200 3200
Analyzed
Dry matter (%) 88.43 89.72 89.46
Crude protein (%) 19.54 19.26 19.38

Ipalm oil powder

2Vitamin premix supplied per kilogram of diet: Vitamin A, 9,000 IU; Vitamin D3, 3,000 ICU;
Vitamin E, 30 IU; Vitamin K3, 2.2 mg; Vitamin B1, 2.2 mg; Vtamin B2, 8.0 mg; Vitamin B6, 4.4
mg; Ca-pantothenate, 12.0 mg; Niacin, 66 mg; Biotin, 0.2 mg; Golic acid, 1.0 mg; vitamin B12,
0.02 mg.

3Mineral premix supplied per kilogram of diet: Cu (CuSO4-5H20, 25.45% Cu), 8 mg; Fe
(FeSO4-7H20, 20.09% Fe), 100 mg; Mn (MnSO4-H20, 32.49% Mn), 100 mg; Zn (ZnO,

80.35% Zn), 75 mg; Se (NaSeO3, 45.56% Se), 0.30 mg.
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Table 17. Effects of different fat sources on the growth performance of broiler chickens

Group” Palm oil P(,)Pl PQPI SEM P-value
with free glycerol  without free glycerol
BW2 g
0d 44.42 44.43 44.37 0.47  0.998
10d 271.65 243.01° 247.66° 3.68  <0.001
21d 931.14° 845.18° 813.25° 19.90  <0.001
35d 2152.47° 1991.13° 1918.20° 3549  <0.001
BWG?, g
0-10d 229.65% 200.93° 205.44° 3.01 <0.001
10-21d 657.60° 599.82% 563.44° 17.57  <0.001
21-35d 1221.332 1145.95%® 1104.95° 25.60  <0.001
0-35d 2108.00° 1946.70° 1873.80° 3472 <0.001
Intake, g
0-10d 265 241 250 5.28 0.216
10-21d 732 729 716 25.04  0.904
21-35d 1719 1772 1693 40.75  0.252
0-35d 2717 2743 2661 62.26  0.503
FCR*
0-10d 1.15 1.20 1.22 0.03 0.130
10-21d 1.12 1.22 1.27 0.04 0.068
21-35d 1.41° 1.55 1.532 0.03 0.004
0-35d 1.29° 1.41° 1.422 0.03 0.002
EPP
35d 476.49% 385.72° 386.57° 12.33  <0.001
fn=6

*a-b indicates significant differences within the same row (P < 0.05).

Ipalm oil powder

2 BW: body weight

3 BWG: body weight gain

* FCR: feed intake/ body weight gain

3> EPI: European Performance Index, [(Survival Rate (%) x Body Weight (kg)) / (FCR x
Days to Market)] x 10,000
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