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15



() # pH i 7 weg 3

MR e ¥4k (Sulfobetaine)

Y
S
F_L
17,
_\'
-
®)
T
o5
¥
=8
Ayl
[<ad
Y
3

tra = AR o A

EER ) EREORE S Sl R

L 8 4 AL Bl J
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1. mBx 1. HacBA 1. pH #&#
R-NH, R-COOM* RN'H,CHCH,COO-
2. mWBEEBR 2. mEgA 2. pH Fa &%
CH, R-SO-,Na*
| RN*(CH,),(CH,) SO,
‘H, ROSO,;M*
3. FAbER 4. BhEE R Rk
R-N(CH,),0 wax
NEHY,C OM
R-O-P=0 F
OM
R-O. O
R-0° oM

Bl Ll 3R e m® p iAo T KR Rosen (1978).

Figure 1. Functional groups of the ionic surfactants.



PRI R o T MR PR TR AR R

(1) =xpREc # 21 (alkylphenol ethoxylates)

i g’ﬁ%?\'bﬁ% B E T A L Ak A AR 2 fRMEA o

(2) = %% 2 3l (alcohol ethoxylates)
SR Y EP E T (R B e R FERR S M R i

PR E R AOKEE U R R 4 o

(3) * 3 ¢ Fafeal (polyoxyethylenated mercaptans)

AV RF FAFREZFRE P AN o F F A f R

(4) £ 48z pifad] (long-chain carboxylic acid esters)
(R TR E S SR L - T

4o MHBEL R FAE T 0 2 TR o

(5) =k o mEpEi=3| (alkanolamides)

LR N RS SRR LA NS & SR R S I RERLY
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ZEEF AR G E R 2 F A AT B

[ JE 8T LA }

1. EABRLHR

R-@-O-(CHZ CH,0) H

2. LEELHY

HO-(CH,CH,0),-(CH,CH,0),-(CH,CH,0) H

3. RALHRED
CH,-CH,-CH,
CH,-CH,-C-S-(CH,CH,0), H
CH,-CH,-CH,
4. R4pFEET

R-COO-(CH,CH,0),-H

bo Ak LEF AR A

O (l' ,H,OH
[
R-C-N~(CH,CH,0), -H

o

Bl 2. 2285 A1 % w2 i & o TR %R ¢ Rosen (1978).

Figure 2. Functional groups of nonionic surfactants .

1235 George and George (1989) =73t » 5t it & v % ¥ o 7T 7 ¢
RSk g skA o ARSIV IER 5 T4
G40 g b R RN A R Raar | oo Flat i
WERA R > A& A i A o

Fu AU A U R R R e B A

kgL kg AL T (hydrophilic lipophilic balance; HLB) %
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Ao EFmL B kAW o3 E HLB 250 5
HLB = 20 x (My/M)
Mo =3 - &M kA2 »F 25 M iRz a3 E -1t B2
T 03 200 Mok:RERA 2R 5 RE HLB & @ A =
EEE R F 2 ok HLB B ] — ALt Ale (57 7% i
1.0-3 i ;e & (antifoaming agents)
2.4-6 % & kA5 (vH (W/O emulsifying agent)
3.7-9 ER& (wetting agent)
4.8-18 k& & A5t it & (O/W emulsifying agent)
5.13-15 &4 (detergents)

6.10-18 =45 4| (solubilisers)

k@ b AlF A HLB 42 8-18 5 b & -k 1541 A K 4 > 4-6
B o A dp st R e Aok HLB #F A~ %% 1202 35
(George and George, 1989; Whitehurst, 2004) - = HLB & st ¢ < 3|8
BE FU1 AR BB (Whitehurst, 2004) < % 8 B re $ pF » Tl 133 %
Rresgo ke BRI ARG R P ERFESAERER
(phase inversion temperature; PIT) (McClements, 1999) - Shinoda and
Saito (1968) % Shinoda (1969) 47 1 > % MIEHEK T > F-ke WAl

BEEBET OB e KT o

19



(T) M bsmd 2 o

R AP

1. “rg5e (lecithin)

Whitehurst (2004) #-H 4 #F 5

BR AT G E1 £ b o feghrgat 1846 £k I F

Maurice Gobley d ¥ ¢ s &t - #
CI IR FCl UPAR " TLKEEINE R R AR e S

PREZGfERA R SR

(phosphatidylcholine; PC) *tz g # 2_;

oo B2 G mbs R R R R H g

I 240°C R - HLB & 43 2-72 %

L o W RE 20 & B3 IT5.4 4 5 "3

'

o ippe e = g B o Aok g fh ek
ARER ML FARAR RS D A

pckefeR §OM 0 H 4 71

il S S b A B P L

MARM SRR R o @ R

GERE=EIPARTIESS: SIDL & B R oy= I AL

2. H 2 #pi4 ¥ g (mono- and diglycerides)

H a4 paded M 2> HLB E#i (3-6) 0 B3t ¢ -k

FFC I A o R A g B PR L

AR A E R 2 KW

3. H 2 Ergirpi e - ¢ fRiF)F fafiy (di-acetyltartaric esters of

monoglycerides; DATEM)

wHAMTAE P o d G FERL A H 2 - ¢ FRFE Fafia v @ & o
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DATEM £ § % fi 8 Mk FR2 $rfd - SE¥F - c )T e 2 £/ B 4%

MERE 2 T OR% ’%'j;;g&«ﬁ;;ﬁ z %f@i‘ﬁ e ]ﬁﬂ = o B 7“3«.*":“’53,“—%1% ’ ﬂ»}; L e

34

BN B B A 2 Mk o DATEM Bk 5 > HLB @i#d -
ok WA A T AR T A R SR

&:g whe R A’\ N 3%/) | % ?lr%iﬁi v A o

4. & & 4 @ fa (polyglycerol esters)

B84 i - B AR AL HLB 408 611 5

SN

CEEO R LR R FRE RS AR S RS ST

5. E ¥Efg (sucrose esters)
A B W Y A K R B A 822 0 1 T A

Gfrd A ke fora st B PH e HLB @@ R R 0 4 118

o

B EAMER; HLB &< 3% 6 VA KiLspastid § HLB & 6
AIF 2 opH TR A2 4-8> pH 338 > 484 8 L iF% o

Bt ATkl B RS 0 AR E B A o

6. L3 pshq 2 B L 4 FE g (Sorbitan esters and polysorbates)
LA P A 2 RO H R S 2Ra Al Ao HLB X vy epkas

£ TR ﬂr’&fréﬁ—"z" Mz HLB @& > HLB & 4* 1.8-86° &
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WONEE S o TR 0 BRE S

7. FiPgfic4+ (ammonium phosphatides)
PRERZG EBAR L pRBEE § PR RS
BepF > 3 EL¥) 5 B50°C ;5 5 A A foipipfe 0 BB MY 40C o 7 Rt

WITE AR L E o

()54 1 A kPt 0 2

¥Rt 2 Vit &L B 5 P H (bile salt) o “rgifg (lecithin)
% % Pg ik e Bk Ra. (lysolecithin) » f5d 5v it A4k § Bo b 3150 2 1o %

Yoo e 4R SR o

@ (bilesalts) % = &P RIER & = 12H > B 5 gﬁv Mo TR

AL ARV ) L R S CREPEY e I A IR fa i E 3
¢“%§ e RBEFHE B F TR 4 R o

A e > 5 > Gomez and Polin (1976) #= 7 %1 > 4" e A
PREa] (PEpi 483 F PEpLZ L R PER4) 2 kR (0,0.025 & 0.05%)

e /,”J‘ 4v 0.025 8¢ 0.05% #§2 ¥ "2pid H s A%

By oo AT
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P& R 2 g s i S e PRI P A 14-19 p b2 rg i
Foomfde 0.025% 482 § PERLE LR ERLA PR RLR o 02 Ry A A4S
Hr? Fpoe 0.04% 7 P ATAIMERL S BT foeAgd FOEMA S KT
~Em A (0-7 p#k) FhE it S5 A it d & PR R (G-
Hp (14-21 p &) gm0 i 5 (Polinetal., 1980) - Kussaibati et al.
(1982) 74 - &fk? b RIRR R RiR% s (5 2 15% #4047y
55 Lok ) P 4 0.5% R e L AR el 2 £ o5 i) 1
Zokpforigiapaiy (v 0 E sl fpspst 15% oKW 2. C18:1 %
Cl82 it F o i3> o ”?':“)?F sv 15% @ 7 Po iR AR G A PR

FI.‘:T E

USSR I LR SR V7 5 L %@;;F 4v 5O # Jr Ry 0 ARV

jw
5 wax

L

A e PERALE AT R e 5% 3K D A oo tER ) WHRE Cl8:2
TR A o k3 RS S VL L R
SRR E 2 PR Ak B i A A0 T K H G Py
i e BRSPS At S o

A g A Pt 0.04% 7 AR ER S H BT 0 o4

ERRIE R kT S qwd (0-7 p#L) B E S R tERT G AN

sl

ABE et EVRRE S 2 §OCRR: A RCERAHHRT SRDEIHE

# & 2258 (Polinetal., 1980) -

3]
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&R * >3 (Polin et al., 1980) - Maisonnier et al. (2003) 4, 1 » 4

FLe ke 0.3% YERMH e 73 21 PSP HEF o HEE AR

G kT 88
BRFHE-

P ARSI Y R4t RAFAIPERLE B BMAE Y ok o
i e RARa] (B AR FOUEEZ ARVERS) 2 RA (0>
0.025 2 0.05%) *"2% > @ 2L p 3 72 19 p o &€ 2 L4
»z % (Gomez and Polin, 1976) = Polin and Hussein (1982) 4p i » 4

Ve A RERL AN S R ik T~ 14 2 21 PSP R E 2 &R

R 2 FREAERRZ H BAE A E B o BE AT - Ko

FRER ke LB EREAZ ER G A A EE L LR o

2. “PEEg

“rEx"g (lecithin) 5 #i*g fie"%4& (phosphatidyl choline; PC) z_ i3
FoFEAR AL AR YLl & PR ¢ U IRER B
e f% %% (phosphatidyl ethanolamine; PE) ~ &i *5 g ~f% (phosphatidyl
inositol; P1) % gi73 & (phosphatidic acid; PA) (Wood and Allison,
1982) o “PEERg 2+ b B2 AFLFg 1 L HBINA > BEREIS R RS S
BRI o G AN E TR FF EA SR E g AT

(drd $~F 282 24) 4 22 F w2 3 &4 (Cantyand Zeisel,
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1994) o & SPREMG A A ETEN TS A2 BlA S o

BT G

» Polin (1980) #& ! » » ik 4 4% 2 g & i 4
2% “PEERL 0 L Db o iaial vk o A £ (1998) ﬂ;}ﬁ ar
3 L P ,9]\ v 2% cfrRATR T R E KB P FE Cl6:0 2 C18:.0 2 iy it

%> @ % C18:1-C18:2 2 C18:3 i} iv & & 828 - Blanch et al. (1996)

5 X

7
I

%z % (1998) 75 I > AT b PRER R B a1 2

EN AR égjﬁtﬂ ;;Fénz H;i@;‘)g,s;]sﬁ (—k_@;g, S RS S ,J;w;]

BEra) ¢t L0% PEET o B A Raa kA G ) i 5 (Jones et

al.,, 1992) - Overland et al. (1993a) 45 i » &% ® § &

SR 4

//J“

FEET (6% < E W 2% “FPEERR) HEEF R Z B A G IV ER

v B A

3 E R R

X B e PR ML 2

=~ 4+ =AY [ ‘,/" ;
hkm it AR

4

o Overland et al. (1994) # Jinetal. (2008) -~

7 48 Fe % % - Soares and Lopezbote (2002) *t 7 ¢ k%5 (7 fq ~ +

292 80% mrqr 200 < B 2R E0) RS tPREER 0 RIER
Lr s it 5o @ N2 Pkl e PR 0 RIRE TR R o

A Y ,’F%\: 0.875 % 1.75% “Fmify > S{¥ &Y PR E R

¥ 8 0 xd 2 # (New Hampshire males x Columbian females) 3 £ %

)

i sxk (Emmert et al., 1996) o 4 ¥ 7 e 15% * B %
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05% ~ & “PRi"y » 3B P IS (2142 p &) 2 24 (142 p &)
HE 2 AR oxg o @ MY it 2% S B PR o RIR RE R
B2 R RE IR SRR ORI E R 0 H TR R
WHEERN &R FPE (Huang etal, 2007)- Azman and Ciftci (2004)

FEE 7 dp Ao v B d & A rq ki e 2% PR o ME I S

PR LG T et B2 PR (6% < 20 5 2%

Bifg) > B2 Liigi A R2ZEPHL R PRI EZ®

AN 2e TR BT T g2 SRR s o P R L B
oSt AEY Fidud Bk SRR (01,2 8% 3%) &% e MR

4 Rz ey 4 i (Overland et al., 1993a,b) = Jones et al.
(1992) 45 d1» st dpsiph2 2 Eixsk? o wahgk A (0.5,1.0 & 3.0%)
A 2K R R Ze 1.0% PR T Bl 2 AN

F 3 e 0.5% it Rld £ -

L

MR BT AR AT e 20 T PR 0 LA

B E R AR RS S ATE 2% PR RIMERIEL S R o B

1% “FPRE? ¥ A B F o
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F o g (X B BRI - 2P0 R g Y A4 10% f
Bt o R CEEFR S 7Y WPEFRR 2 Z BeH W gk & (Jonesetal,
1992) ot % 2 0 47fic® 4+ B PRy (0.5 & 1.5%) > % Mp Fa

P BEH U Fro ikt 2% <+ B PRETR "E MR FAR (Huang et al.,
2007) - Huang et al. (2008) Pl&g -+ - 4UE® %4 * 2 “PRE"; (1.5 &

2%) > "E P SRR EERER c PRF =Y A ER o

3. %Py PR,

P A& “P "y (Lysophosphatidylcholine; Lysolecithin) & %458 2
4 2 FhiPq f3 g fF A, (phospholipase A;) #-7F#iPg % = sk Pg bhfia -k
fE o B AR B A5 o MG PEER Y T AR R 2 HIE R TR
0.02-0.2 mM/L z 527 #c% k& & (critical micelle concentration;
CMC)> % ] »v*2 @ (CMC =4 mM/L) % “Pgi¥; (CMC =0.3-2 mM/L)
2. 20-200 & o BAor Py AL PR BUVET R SRR g Bt gt o 4
(Zhang et al., 2011) -

Rampone and Long (1977) {48 #F &8 4p > v Se Mg il “r Bk g
FTHBOEZRTEY o ARRAFER TG WG B (1 E

Mo g 2 RG Pa ) Y e 0.05% Mg rEET, 0 TR P

L

o gy C16:0 2 C18:1 % ¢ #fs#p Cl18:2 2 Cl83 2z % wm i it 3

(Zhang et al., 2011) -
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Jones etal. (1992) # 30 » &Y ® 4c 7 e g R i gL it & o 3 2 g
T e 1.0% Mg PR o B e A RE R A O 55 RN e R
P ALY ] te 0.02% %P L P pETy 0 st L 21 P #s I R R O F
(Xing et al., 2004) - }& Dierick et al. (2004) *+ i 4‘: 4% & o P bh AR
v 7 4 0.075% % Pq s “PRa"g (0.3% Lysoforte) » ¥4 & péxx %5 2 %
LR S

k4 5% o AT e ek R %P fE Py (0, 0.02 &
0.10%) > & &~ s 4e s fE 648 (15-35 %) % 24 (0-35 % )3 £
(Xing etal., 2004) = Melegy etal., (2010) 7= 45 & > +* X3 & Jk & 4
? 7 4e 0.025% FLER L PRRFL o 4R B OE FLIE 2 AR org o itk
AR RE Y CIERRREE ST T T S S L0t
BRBPEREF S REIQE g A 2 g et m 5 Zhang et al.
(2011) ~wRApivig R TR B P oY (121 p &) HL > it
(142 p &) HEX BT T RE TP 2 .

FRd (X B s S e s 2R3 ) AT k4 10% R
PP PR N BT R Y WEERRZ Z B fadk R (Jones et
al., 1992)- & ™ i 4e M Fg pL P ey (0.25 2 0.5%) ¢ Fre ¢ =

fat i fin 2 " EH ARk & & 325 (Melegy etal., 2010) -

(=) A E I 2B
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Y i SRR R R T (PH23) # B
o RS EEACE R 1T Red freniEr o0 B R

4 i prl 5 8B 7 2
v L S A Y 2 ALY fRETORfE RS ) A F IR E IR

(ru\
—\\
LN

-

AL o o A T UEER e FE RPN S 2 VEFRE w BRPR s BN 0] B A

A mie P IR PRER ~ 2 VEPKAF R u VRAKAEOK R A AR 18 0 gF

BRSO LEEE > P

0 P - BORAR A AL e B R RN 0 B FALM
B oo Foa e IR e B e TP Ru AR

- 2 % X , - o1 2
B g AT v T Ao o FUIL R BB o FAN HITY i

A

2 2% vy , 2
i RE Bt A b A R 4

.

FRgRdod Frraffam d3k9 Tt Fx K3k
BORIARRE e T OhFLNRIT R R kY WA G kR kB
Ho hges o

v i % % - 7]+ (Interleukin-2; IL-2) Gdx da e 7

0.1% % .1 s % 80 (polysorbate 80; Tween 80) » # j* > 3# ¢ | -
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FRE  RIEFTHIY TF t#F (Wangetal, 2008) - 3¢ it 4l
Toa g ibdpde T4 e o Fl@ 'k M Ed TR E (Randolph and Jones,
2002) -
W R AR 7 e Tween 80 (2.5 & 15%) > ¥ "% M % fi¥ 4~

Whs P ppREARE 62 S B REEER - Tween 80 3 4o 40k
FpR2 R E TR o B AR E S B3 pEE F (Wangetal,
2004) o >t G kA P S B et Fps Y 7 *e Tween 80 - H Ao fic 2 4
Frex st & 45 2 & F % 3 B0 2 Fv fEiE 4 (Kamande et al.,
2000) -

FUL R T g f R v ;‘r%r} P B Ao Y G o A 4 Fov ;‘r kiAo
TR I PEUE e Flpt o SN AEY A Ae Uit R T i€ 3 B E

é?&,ﬂﬂﬁ}ogﬁﬁyﬁtbw EZI "E'l";bi‘p‘}
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AR

AR A TN L SR

Wk s 2X3 A F]F & o 600 L A4 €I E 4 (Arbor Acres)
Bip o AAF: 6 AUl K AJTw 4 £45 & £45 25 &0 4

FERN T e o A5 018 2 1936 para Y o
I~ FERAUE

Grplge ¥ A2 AR (1994) F 2 A RE - 6 Al
A (1) 3F A KRR N (HD): (HD 4 049 ro %
(Volamel)/kg : (3) HD i 4 049 # »cae (Emupack)/kg : (4) <3 &
kR 4t (LD) (B)LD #i*e 019 & #%/kg; (6)LD 4 019
W as kg o AR v £ (Volamel, =+ £ 27 b JIpF) 2 8 sk
(Emupack, 5 =& 5 2% 2 RAcE A g 7 e g2 1% (% 1) -

MY EERE BN LR R e S hod 2 SR

v RBLEEBEEERE

i
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% 1 #FEkRAEES (F%-)
Tablel. Composition of the experimental diet (trial 1)

Age, day 0-18 19-36
Diet" HD LD HD LD
Ingredient, %
Yellow corn 55.95 61.56 64.03 69.63
Dehulled soybean meal (47% CP)  30.75 28.80 22.30 20.00
Corn gluten meal 2.50 2.50 3.50 4.00
Fish meal 3.50 2.60 3.20 2.00
Salt 0.30 0.30 0.30 0.30
Tallow 4.00 1.00 4.00 1.00
Monocalcium phosphate 0.96 1.12 0.59 0.80
Calcium carbonate 1.30 1.36 1.26 1.40
Choline-ClI (75%) 0.15 0.15 0.15 0.15
DL-Methionine 0.14 0.16 0.02 0.07
Vitamin premix? 0.30 0.30 0.30 0.30
Mineral premix® 0.08 0.08 0.08 0.08
Butylated hydroxytoluene 0.02 0.02 0.02 0.02
Avatec (15% lasalocid sodium) 0.05 0.05 ) -
Chromium (111) oxide - - 0.25 0.25
Total 100.0 100.0 100.0 100.0
Calculated values
ME, kcal/kg 3108.9 3004.5 31989 3097.5
Crude protein, % 22.01 20.93 18.88 17.78
Crude fat, % 6.66 3.81 6.89 4.04
Calcium, % 1.02 1.00 0.90 0.90
Available phosphate, % 0.45 0.45 0.35 0.35
Methionine + cystine, % 0.91 0.90 0.73 0.75
Analyzed values, %
Crude protein, 20.00 20.73 18.00 18.68
Total fatty acid 4.75 3.43 5.25 3.35

'HD: high density diet; LD: low density diet.

2 Provided per kilogram of diet: vitamin A, 12,000 IU; vitamin D3, 2,000 1U; vitamin E, 40 1U;
vitamin K3, 4 mg; vitamin By, 1.5 mg; vitamin B,, 5 mg; vitamin Bg, 4 mg; vitamin By, 0.05
mg; niacin, 25 mg; pantothenic acid, 16 mg; folic acid, 1 mg; biotin, 0.2 mg.

3 Provided per kilogram of diet: Fe, 150 mg; Mn, 40 mg; Zn, 100 mg; Cu, 20 mg; Se, 0.3 mg; I,
1 mg; Co, 0.3 mg.
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102 R B (RS-

)

Table2. Fatty acid composition of the experimental diet (trial 1)

Age, day 0-18 19-36
Diet* HD LD HD LD
% of diet

Total fatty acids 4.75 3.43 5.25 3.52
C16:0 1.42 0.88 1.48 0.85
C18:0 0.40 0.25 0.39 0.23
C18:1 1.62 1.10 1.78 1.09
C18:2 1.30 1.21 1.60 1.18
Saturated fatty acids 1.82 1.13 1.87 1.08
Unsaturated fatty acids 2.93 2.30 3.38 2.27

'HD: high density diet; LD: low density diet.
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HE 0 pEfEL B 5 B F RN T Y (298
cm x 147cm) #Fs% 23 d:E 36 p &L R T2 40k
gy 18 2 36 PRI THEZHME Sl a 22 e
oA o R R 27-36 P LT AHET 4 0.25% = F it - 450G
daor A 0 2t 31-35 p#Sfc B K o xBE T2 TREE 220 Co
PRI SRR

36 p#RIES S T4 G licz A 2 B i B

W«

b LML T A o R R B M E R TN E 2

bl

4 8037 2 B BRI M N EARE TG
2 CO i 2PHEHEN FF 6 ER=2 # (1996) &
B S F (BEME 42%) (80 RAMEREREE A5
FAFS B AR > ZIRE T fRE BRITIP RRE 2L

LA E 2 v B o
o~ R AT
(=) &2 L~ 47

1. 2 39 FiRl 2
% {54 5k 5z (Stoppering Tray Dryer 12, Labconco Instrument

Company) & » Briw > 3t -20 C H75 o A BRl T4 2 £ 17 7 4 3
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5 %5 £ (AOAC, 1984) - f=5~if £ £ 5 > 1 Kjeldahl i (g pifit -k 2

e g AR (Kjeltec system-2100, Foss Tector, Sweden)

[
—u
~

FHF LG R AESY R TR oA R FFA (N%X

6.25) -

2. Pqlppk e Pl T

t% P& Sukhija and Palmquist (1988) z_ = ;2 > B~if £ 2 &9 & ¥
e ,’J‘ 4v pentadecanoic acid (C15:0) (Matreya, Inc., U.S.A.) i3 p
#% (internal marker) > ¢ * benzene ~ methanolic HCI 2 K,CO; #-#k &
PoRgaREL® LIV (S 0 10 g 4 d K A 17 ik (G-3000, Hitachi, Japan) 4 47
o giafiles > ¥4 MEE ot > Rtx-2330 fused Silica
capillary # % g (£ 30 m» 2 /& 0.25 mm - Restek Inc., Bellente,
USA) oven B RZZr»vgRA~% 5 100°C 2 250°C> 3 #

$FF %2 3 & mdens 252300 25 mL/min -

7 —~

3. 2 F L - &ERPIT

LR § RSP 44k R 2 4 F7 % Williams et al. (1962) #7if 2.
* IR o BX 1g inr%}'%_*“iﬂﬁ%ﬂ » %> 600 °C A it 1.5 ] FF o 4
£rig > 4v >~ 3 mL phosphoric acid-manganese sulphate solution 2 4 mL

potassium bromate solution » # } 4k s 35 {8 » B 304 B b oo S i
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2 R isak oA 4rigs > 4 25 mL calcium chloride solution » ¥ #-% %
3SR Ry B o RS ok iR (170-30, Hitachi,

Japan) B 2. -

4. FRpRR) 2

@57 Rk &R 2~ 47k Marquardt et al. (1983) #riff 2 =
2B 0059 &% ~ 250mL = & Fgo 4~ 100mLpH 3
9.3 2. 0.1 Mglycine buffer - >+ 40 CH=# 1/} FEis#E o B~ F ki3
# B~ 15mL #e g @ o 535% W iz T8 2 15mLe Ak
< # (Z200A, Hermle Labortechnik, Germany) =t gt 4 4185 x g
(6000 rpm) T &res 15 A gheo e f8 Bk ik 1A Sk k&R 2 (U-2000,

Hitachi, Japan) »“& & 285 nm ™ Bz ek & o
(=) = AT

mRERR B N 3e 8 (CS-6R Centrifuger, Backman, U.S.A.)
BT RAY 3 4CEE T H 4 5080 x g (3000 rpm) dgew 15
Adh o TS o 3B ImL R Rt B A F Y 20 C T o @
* % % & 47 %k (Vitros DT-6011, Johnson & Johnson, U.K.) i& {7 & :Ff;

A RRRR R F R AR -
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N

(=) s i 5

RAHCE K P g iapk B AR R 20t B o R g mp

L

GUlidL B R (%) x L g rpi kR (%)
Lskr (W)X g irpik R (%)

100 — 100 x

SF TV SIETE I

kA B TR OREEY FORR SRR b ) B

24

34

R

L 35 FEA (%) =

gk A ()% Ll E kR (%)
sk (%) x 4EF kR (%)

100 — 100 x

2. 3»9 ?ﬁ/ﬂ L _ﬁ‘ (%) =

R R (W) x[E T F RA (%) -REEFER (%))

100 — 100 x , i
5 sER (%)X o ER (%)
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3T Rn WERS (%)=

w0 TR (%)
B TS (%)

x 100
- T

R AT BIR ) B T > T 35E (least squares means) # ot 2. e
F# Fuzt e 47 % Bu (Statistical Analysis System; SAS, 2000) % %4
02— A2 5 (General Linear Model Procedure, GLM):iE (=
Bt AT o R R e dpE R R R LRI A H 2 23 (EY o 4o

2 e B ¥ (P<0.05) B /g ] L 2 Bk o B L E B R 4B -

Ho A e RORRAS AR S K R 2
FAA G2 EE

- N REREG

W n H TS5 ik o 600 T4 4 €3 F 4 (Arbor Acres) #ig o
AT 4 Rl BAIEY 6 4 5 E£4F 25 £ RN
AT gErLs? > 4% 0-18 2 19-36 p#LS H o
-~ RERAE
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A S ¥ & >3 R %R NRC (1994) P gz 9% 58 - 4 &
®es s (1) A#oi Q) A#F4HEY A4 0290 »cin/kgs (3)
A A4 0490 scin/kg; (4) A#LHR F4e 0.80 59 var

IKg (% 3) o A LR Py il R ded 4 P o

FEET 0 pasfed Al (s F p B TR Y (298
cm x 147cm) > E%E 1 3G 36 P #F SR R FEAE 2 4ok
&% 18 2 36 PR TIE AL RS E 2 R
Foaxd oo ERBRHP & 27-36 P #3t AT St 05% - 3 Lg% iF 4
A3 31-35 pPREFIREE e Bl @ 2Tk -20°C o
MUEFIR I ORI o2 36 P #P TS Db A A B oA
2Pt B R A b g A RS AF A EAEHERE
LTI EL e 4 8500 CO et 2 PREGHEN T8
B B (1996) B % o doipan s £ (BEME 42%) (0 kAW
ERREMET AR EFS B AR~ 2 RE R fRE (SR
TR S p FE R E 2 ) BB N7 (Meckel’s
diverticulum) £ :® 5 4p 4%z (ileal-cecal junction) B &t 4 cm «p

O FIEE I FR LRSS EN AT
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% 3 HEkbfrEs (E%Z)
Table3. Composition of the experimental diet (trial 2)

Age, day 0-18 19-36
Ingredient, %
Yellow corn 57.32 64.86
Dehulled soybean meal (48.6% CP) 25.0 18.18
Corn gluten meal 6.0 5.0
Fish meal 4.0 4.5
Salt 0.3 0.3
Tallow 4.0 4.0
Monocalcium phosphate 1.22 0.7
Calcium carbonate 1.42 1.35
Choline-ClI (75%) 0.2 0.21
DL-Methionine 0.09 0.0
Vitamin premix* 0.3 0.3
Mineral premix? 0.08 0.08
Butylated hydroxytoluene 0.02 0.02
Titanium dioxide - 0.5
Cygro (1% maduramicin) 0.05 -
Total 100.0 100.0
Calculated values
ME, kcal/kg 3089.3 3141.2
Crude protein, % 22.67 19.55
Crude fat, % 7.02 7.24
Calcium, % 1.00 0.9
Available phosphate, % 0.45 0.35
Methionine + cystine, % 0.91 0.73
Analyzed values, %
Crude protein 22.19 19.38
Total fatty acid 5.78 5.89

! Provided per kilogram of diet: vitamin A, 12,000 IU; vitamin D3, 2,000 1U; vitamin E, 40 1U;
vitamin K3, 4 mg; vitamin By, 1.5 mg; vitamin B,, 5 mg; vitamin Bg, 4 mg; vitamin By, 0.05
mg; niacin, 25 mg; pantothenic acid, 16 mg; folic acid, 1 mg; biotin, 0.2 mg.

2 Provided per kilogram of diet: Fe, 150 mg; Mn, 40 mg; Zn, 100 mg; Cu, 20 mg; Se, 0.3 mg; I,
1 mg; Co, 0.3 mg.
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% 4 RBEAGMEZApRES (BRo)

Table4. Fatty acid composition of the experimental diet (trial 2)

Age, day 0-18 19-36
% in diet
Total fatty acids 5.78 5.89
Cl16:0 1.60 1.47
C18:0 0.42 0.59
Cl8:1 2.08 2.18
C18: 2 1.68 1.66
Saturated fatty acids 2.02 2.05

Unsaturated fatty acids 3.76 3.84
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o~ K EAT

(=) &2 L~ A7

L d2 g5 Rl

s - K -

2. Fo ARk R R

s - A

3. 2 F “4xER BT

L2 § &P 45k R 2 & 17 1& Shortetal. (1996) #rifz =
EEIL 0 B 029 H & B3R > 5t 580 °C it 13 ) pF e 4
gris o de o 10ML74AM FRfe T MR 0 B8 o BT AL WY 4
#E PR MAEF (K 2E BFEFARFTGF 60-100 4 45) - 2 4ris
B~ 59 25mL FAp-keEdr? iR 100mL z B FLo A 4~ 20
mL30% % i* & > T3 R EEKELET 100mL o 1A Kk R

2+ (Hitachi U-2000, Japan) *tj& & 410nm Fp| ek i o
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Table 5 Effect of supplementation of emulsifiers in diets with in different nutrient density on growth performance, mortality and leg abnormality in broilers (trial 1)

High density diet (HD) Low density diet (LD) Energy effect (E) Emulsifier effect (ES) P-value
Item Control Volamel Emupack Control Volamel Emupack SEM HD LD SEM Control Volamel Emupack SEM E ES EXES
Body weight, g
day 0 465 465 465 46.3  46.3 465 045 465 463 026 464 464 465 032 065 095 0.95
day 18 562.5® 557.0° 616.5°  566.0° 573.3® 578.0° 6.38 578.7 5724  3.68 564.3" 565.1* 597.3° 451 0.5 <0.01 <0.01
day 36 1775.0° 1742.8* 1852.8° 1750.8° 1712.8* 1751.0*° 22.84 1790.2° 1738.2* 13.19 1762.9* 1727.8* 1801.9° 16.15 0.01 0.02 0.20
Weight gain, g
day 0-18 516.0° 510.5° 569.5°  520.0° 527.3® 531.5° 644 5320 5263 372 518.0° 5189* 550.5° 455 0.29 <0.01 <0.01
day 19-36 1212.5* 1185.8°°1236.3°  1178.5"°1139.3* 1172.8®° 19.85 1211.5° 1163.5* 11.46 11955 11625 12045 1404 001 0.2 0.76
day 0-36 1728.5° 1696.0*° 1805.8° 1704.5° 1666.5° 1704.5% 22.91 1743.4° 1691.8* 13.23 1716.5% 1681.3* 1755.1° 1620 0.01 0.02 0.20
Feed intake, g
day 0-18 855.8 835.8° 908.8°  903.8° 879.0™ 898.3° 10.29 866.8° 893.7° 594 879.8"° 857.4* 9035° 7.28 0.01 <0.01 0.02
day 19-36 2328.5%°22435% 2376.5™ 2365.3" 2276.8™ 2388.5° 3596 2316.2 23435 20.76 2346.9° 2260.1° 23825° 2543 0.37 0.01 0.93
day 0-36 3184.3%°3079.3* 3285.3°  3260.0™ 3156.0° 3287.0° 39.93 3182.9 32343 23.05 3222.1° 3117.6° 3286.1° 28.23 0.14 <0.01 0.7
Gain/feed
day 0-18 0.603° 0.611° 0.627°  0.581* 0.600® 0.592*°0.007 0.614° 0.591° 0.003 0.592° 0.606® 0.610" 0.005 <0.01 0.04 0.22
day 19-36 0.527° 0.534" 0.526°  0.499° 0.500° 0.494° 0.007 0.529" 0.498" 0.004 0.513 0517 0.510 0.005 <0.01 0.58 0.91
day 0-36 0.543° 0.550° 0.550°  0.523® 0.528" 0.519° 0.002 0.548" 0.523" 0.002 0.533* 0.540° 0.534%® 0.002 <0.01 0.07 0.16
Mortality, % 300 200  2.00 1.00  2.00 1.00 1.28 233 133 074 200 200 150 090 035 090 0.74
Leg abnormality, % 2.05  2.00  2.05 1.05  1.00 2.05 1.39 203 137 080 155 150 205 098 057 090 092
#Data in the same row with different superscripts differ significantly (P < 0.05). 45
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Table 6 Effect of supplementation of emulsifiers in diets with different nutrient density on carcass characteristics of broilers (trial 1)

High density diet (HD) Low density diet (LD) Energy effect (E) Emulsifier effect (ES) P-value
Item Control Volamel Emupack Control Volamel Emupack SEM - HD LD SEM Control Volamel Emupack SEM  E ES EXES
Dressing percentage, % 80.7 80.0 80.4 79.9 80.7 80.2 0.29 804 80.3 0.17 80.3 80.4 803 0.21 0.73 0.96 0.09
Abdominal fat, % 1.47 1.66 1.64 1.48 1.36 1.52 011 159 1.45 0.062 1.47 151 158 0.075 0.14 0.59 0.37
Breast, % 16.1*  16.7* 173 173" 165 17.2° 026 167 170 015 167" 166* 17.2° 0.19 0.9 0.6 0.03
Thigh, % 18.1 17.7 18.2 175 18.4 181 035 18.0 18.0 0.20 1738 180 181 024 1.00 0.63 0.21

®Data in the same row with different superscripts differ significantly (P < 0.05).

47



%’L 1L "E\"fljﬁi }%;&Eﬁ‘ ’ /EI’ »7 HLE &"J,]..E—‘zg 3 "»\]Pﬁ 2 r—g %}\V:E[-,@-ziéﬁ;}i“g‘
(P<0.05) - A% 5 ~ "% 5 2 % F A FRIAMF LA -
YEEREFHZATIEY > ANE FAS G EREELE

(P<0.05) -

£ ¥ 7 feFt it R R KL E G Ao K 52 B e

4 T #5% e
% Ok AP Jp e it (- A $ 3P ARk 0 C16: 0> C18: 0 C18

1> & {rrq P2 3 fefein ppai) (o SRR e KH RRA Y e
PHE P REEE M v kP 0 C18 100 Cl8 1 1 e frig a2 4 4F o
g i) it g (P<O05) o FF & RA AW S ok B F B0 T E
2 Fe T (P<O.0S) #¥ - 3v FRERI AT AP -

wERBET B Y A ER G2 B ryskpk > C16: 00 C18:
0°Cl8: 1, &b frin it 2 4 dpfrrg e P S FF UYL kA
¥ (P<0.05) My R ERAHE2 CI8:2 )i FHF B33
¥ RERAEEE (P<005) &3 ¥ R kR E IR MY RER

e bed TEF IR P CFE T by FEFIEER

48



ARG E R E L LUIE SR SR N S GATEER X NCET

Table 7  Effect of supplementation of emulsifiers in diets with different nutrient density on the apparent fecal digestibility (%) of fat and protein in broilers

(trial 1)
High density diet (HD) Low density diet (LD) Energy effect (E) Emulsifier effect (ES) P-value

ltem Control Volamel Emupack  Control Volamel Emupack SEM HD LD SEM  Control Volamel Emupack SEM E ES ExES
TFA! 86.1" 86.4™ 87.7° 83.3" 787%° 838" 142 867° 81.9° 082 847" 825 857° 1.00 <0.01 0.10 0.23
C16:0  82.2° 82.6°  835° 727 655%  73.8° 254 828" 706° 147 774 740 787 1.80 <0.01 0.20 0.26
C18:0  784° 758"  79.0° 69.7° 60.4%° 69.9° 282 778" 66.7° 163 741® 681° 745 199 <0.01 0.07 0.43
C18:1  90.3" 90.7°° 91.8° 86.6° 81.6° 87.7° 155 90.9° 853* 0.89 885" 862° 89.8” 1.09 <0.01 0.09 0.17
C18:2  86.8° 875" 89.1™  90.4° 89.0° 89.9° 070 87.8° 898" 040 886 883 895 0.49 <0.01 020 0.14
SFA? 81.4° 81.2° 826° 72.1°  64.4% 729" 254 817° 69.8 147 767 728 778 1.80 <0.01 0.15 0.28
USFA® 886" 89.2° 905" 886" 855% 889° 091 895° 87.7° 053 886%™ 873 89.7° 064 0.03 006 0.16
PR? 547° 56.1° 59.8° 603" 61.7° 605° 0.84 5697 60.8° 049 575" 589" 602° 0.60 <0.01 0.02 0.01
PD® 81.0° 817" 84.9 83.0 83.8% 836" 052 825 835° 030 820* 827° 842" 037 0.04<0.01 <0.01
DPR® 67.6° 68.6° 705 727" 736°  724™ 098 689%° 729° 056 701 711 714 069 <001 04 021

TFA: total fatty acids (C16: 0+C18: 0+C18: 1+C18: 2).

2SFA: saturated fatty acids (C16: 0+C18: 0).
SUSFA: unsaturated fatty acids (C18: 1+C18: 2).

*PR: protein retention (protein retained/protein intake, %).

°PD: protein digestibility (protein digested/protein intake, %).

®DPR: digestible protein retention (protein retained/protein digested, %).

®dData in the same row with different superscripts differ significantly (P < 0.05).
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Table 8 Effect of supplementation of emulsifiers in diets with different nutrient density on the plasma triglyceride, cholesterol and glucose concentrations of
broilers (trial 1)

High density diet (HD) Low density diet (LD) Energy effect (E) Emulsifier effect (ES) P-value
Concentration, mg/dL  Control Volamel Emupack Control Volamel Emupack SEM- HD LD SEM Control Volamel Emupack SEM  E ES EXES
Triglyceride 1574 2010 22.60 1933 2401 17.01 3.09 19.48 20.12 1.87 17.53 20.06 19.81 223 0.84 0.48 0.26
Cholesterol 107.00 100.75 100.13 101.19 = 97.88 99.38 11.93 102.63 98.48 6.90 104.10 97.81 99.75 8.45 0.68 0.87 0.97
Glucose 186.13 192.63 167.38 147.38 185.38 165.00 14.10 182.04165.92 8.14 166.75 189.00 166.19 9.97 0.18 0.22 0.40
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Table 9 Effect of dietary supplementation of different concentration of emupack on growth

performance, mortality and leg abnormality in broilers (trial 2)

Emupack added, g’/kg 0 0.2 0.4 0.8 SEM P-value Linear Quadratic
Body weight, ¢

day 0 43.2 43.3 43.3 434 026 096 0.61 1.00
day 18 686.8° 680.4® 674.1®® 6658 520 007 001 0.86
day 36 2166.2 2150.0 21515 21228 2551 052 0.19 0.66
Weight gain, g

day 0-18 643.6° 637.1® 6308 6224* 523 006 0.01 0.86
day 19-36 1479.4 1469.7 14774 14470 2190 072 0.38 0.64
day 0-36 2123.0  2106.7  2108.2 -~ 2069.4 2552 051 0.18 0.66
Feed intake, g

day 0-18 929.8% - 968.9° 951.9®° 939.4* 0979 007 0.79 0.02
day 19-36 2685.8 26702 2686.0 26409 30.12 069 0.39 0.63
day 0-36 36156 3639.1 36379 3580.2 3459 0.61 0.0 0.26
Gain/feed

day 0-18 0.693° 0.658° 0.663* 0.663* 0.008 0.03 0.03 0.05
day 19-36 0551 0550 0550  0.548 0.003 0.92 0.5 0.78
day 0-36 0588 0579 0580 0578 0.006 0.69 0.34 0.58
Mortality, % 1.33 2.67 4,00 200 1250 050 0.56 0.20
Leg abnormality, % 0.00 0.67 2.00 133 0750 0.31 0.13 0.39

®Data in the same row with different superscripts differ significantly (P < 0.05).
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Table 10 Effect of dietary supplementation of different concentration of emupack on

carcass characteristics in broilers (trial 2)

Emupack added, g/kg 0 0.2 04 0.8 SEM P-value Linear Quadratic

Dressing percentage, % 79.8° 79.2" 79.0" 786 024 0.02 <0.01 0.67
Abdominal fat, % 157 141 150 155 0.07 0.38 0.88 0.14
Breast, % 16.7 166 164 16.8 0.32 0.89 0.95 0.50
Thigh, % 182 183 181 177 0.27 0.40 0.18 0.30

°Data in the same row with different superscripts differ significantly (P <0.05).
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Table 11  Effect of dietary supplementation of different concentration of emupack on the
apparent fecal digestibility (%) of fat and protein in broilers (trial 2)

Emupack added, g/kg 0 0.2 0.4 0.8 SEM P-value Linear Quadratic

TFAl 75.2°  74.4® 734% 758° 049 002 073 001
C16:0 63.2° 63.4° 61.8% 648° 0.73 008 039 007
C18:0 46.2° 453% 427 47.7° 121 007 074  0.03
C18: 1 84.7° 83.9%* 834% 85.1° 036 0.02 073 <0.01
C18: 2 83.5" 82.1° 814 833° 038 <001 051 <0.01
SFA? 58.4% 582% 563* 599° 084 006 050  0.04
USFA? 842" 831* 826%° 843 035 001 091 <0.01
PR* 56.0 555 551 581 1.02 020 021 011
PD° 82.5° 823" 827® 841° 047 006 002 012
DPR® 679 673 666 691 115 050 058 0.21

TFA: total fatty acids (C16: 0+C18: 0+C18; 1+C18: 2).

2SFA: saturated fatty acids (C16: 0+C18: 0).

3USFA: unsaturated fatty acids (C18: 1+C18: 2).

*PR: protein retention (protein retained/protein intake, %).

°PD: protein digestibility (protein digested/protein intake, %).

®*DPR: digestible protein retention (protein retained/protein digested, %).

®°Data in the same row with different superscripts differ significantly (P <0.05).
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Table 12 Effect of dietary supplementation of different concentration of emupack on the
apparent ileal digestibility (%) of fat and protein in broilers (trial 2)

Emupack added, g/kg 0 0.2 0.4 0.8 SEM P-value Linear Quadratic

TFA'! 79.03 7854 7845 79.90 171 093 075 0.8
C16:0 67.43 6844 6595 68.25 237 087 100 0.79
C18:0 56.15 60.31 54.02 58.24 261 039 100 0.9
C18:1 84.95 82.16 8435 8500 225 079 082 046
C18: 2 8959 89.13 90.38 91.11 148 079 039 0.69
SFA? 6421 66.12 6255 6540 236 073 100 084
USFA® 86.95 8516 86.95 87.64 173 077 063 049
PD* 81.37° 83.55 83.54* 84.02° 0.73 0.08 003 0.26

TFA: total fatty acids (C16: 0+C18: 0+C18: 1+C18: 2).

’SFA: saturated fatty acids (C16: 0+C18: 0).

3USFA: unsaturated fatty acids (C18: 1+C18: 2).

*PD: protein digestibility (protein digested/protein intake, %).

®Data in the same row with different superscripts differ significantly (P < 0.05).

58



b

UL e 2 LT (o) HHE 2 R B2 B g

Si- F - Koo P A I BY KR EE Y2 N
2 DY HE AR R 2 AR g o Rk P P T

R I E > PR BE BT s o R E M2
HE o Bl 8 & 2 B AR anE o

5 ARV ﬂ]‘ Se g AlFt b A Aot @ o 3 p Frag £ (Maisonnier
etal., 2003) % L4 ]%* »c5 (Polin etal., 1980) ; Gomez and Polin
(1976) % Polinand Hussein (1982) R4 3R » &2 22 3 £ 2 &L 1)
F oA o AT G te S AU A dofrphrn e L L B £ 2 AR

f1#* »x 5 (Emmert et al., 1996) - Azman and Ciftic (2004) # Huang et

al. (2007) R 3w » ST A R o Uit R B E AR o AR
d vo A8 N A B o REA ML RE R F)E T ,;‘;;l‘a’rsga;'éégi FUfL
A 2%k o

Y T e id AT "‘,4]% T aE%R - 04% ’J Tt F72 BE

FOE AR (S BEA LT QIR ) (b okAL) X RERE PR

Pass) i & o Apg>t Kussaibati et al. (1982) #"2% » 2 £ (1998)

59



PRI VTR BIL R T AR B
FohEMRLANELE AT TRY LA ELRL > Poni L
BEFF R A

Wok- 2 -9 o3 C18:0 £ g i it F kKo 2 & FIHE A
Poend (L IEH B Lo R E C A e friy st 0 # 18 CL18:0 £
A 1Y & i, (Carlson and Bayley, 1968; Jorgensen et al., 1992) -

AL SRS B D - IR IRAEY e i R P R R
B 1 3 o T AR R B ed HAM R AT R A G5
FoRfE S R B AR Y hid Ho N Fov frenit® > RfEA S 4 S
F-0 F % #:?< (Hui, 1995) - Randolph and Jones (2002) % Wang et al.
(2008) 5 1 > FUi- AT a iR Pp Ed A G o Fl@ Ei e TR E &K
® ¥-v ki3t - Kamande et al. (2000) 4p & > 7‘]:4\: Tween 80 #* &
REYRIMAL AL Fa T A RB T R0 T o
Mo G e e 2 T ) 1 Bl JEM S o AHEY R e oni B
Bagde Fo itk m 2 BBV Ry TER IR EHT ¥
fe L BB BV T AGOER 28 m 2 PR B AT
AN

UMY R deid oot %o Y BB P I TERI LT R

RGP it BB HIIR T A R RIEARE R I TR

60



R T A T A

WP o bR A H B Ao eph o Aom B SOl RE L
Fo B IR E AR RFIGEHMA LG L IEF TR
(Carlson and Bayley, 1968; Jorgensen et al., 1992) o & &5k 1% 5. B <

(Meckel’s diverticulum) £ 5 ¥/ & {5 4 cm p F 4 » i€ &2 fr

oK B IS dem P B ORF A G R AR B P o feAR

S AR R FHE S (R AR 4 L) REERSE

=
T3
S
3
b
<
o

e RS ATV ERRE PHE RN T RR ) 5
Sebastian et al. (1997) & fs dem FEN T4 o BT Fw T2 o=

A i -

:E‘_?éffr‘%fﬁ?i%ﬁ'{ﬁ I RIF AL L fIE S FALER IS T

61



b

W- P O BFAERRAMEY SRt BB M EE YR
vt SEBR R E o
B AERAMY SRl - RERF RO T T oea

EE AL D U

62



\\\?{r
ol
«
e
A

ek v R @ LAY 0 1996 o Aifiil B4t P AR 2 B o B RS
3 45:49-62 -

AREGHE 2009 B ¥ A FRIL o E FORE S o

MUACS 2 % BP0 1098 « i 2 Nt B2 BLABH (GE P B s
L F]F —2; A KR & &g P W%ﬁ?gg;ﬁ

217:459-472 -

P12 RFAGE ME P D 419960 2 G B MHHBF TP o L HE1 ¥

I RAL > R

B FFE 1979 B o EPHE* Fi- o REINEA > S5 o

AOAC. 1984. Official Methods of Analysis of Official Analytical
Chemists. 12" ed. Assoc. Off. Anal. Chem., Arlington, VA, USA.

Azman, M. A., and M. Ciftci. 2004. Effect of replacing dietary fat with
lecithin on broiler chicken zootechnical performance. Revue Med.
Vet. 155:445-448.

Blanch, A., A. C. Barroeta, M. D. Baucells, X. Serrano, and F. Puchal.
1996. Utilization of different fats and oils by adult chickens as a
source of energy, lipid and fatty acids. Anim. Feed Sci. Tech.

63



61:335-342.
Canty, D. J., and S. H. Zesisel. 1994. Lecithin and choline in human
health and disease. Nutr. Rev. 52:327-339.

Carew, L. B., R. H. Machemer, R. W. Sharp, and D. C. Foss. 1972. Fat
absorption by the very young chicks. Poult. Sci. 51:738-742.

Carlson, W. E., and H. S. Bayley. 1968. Utilization of fat by young pigs:
fatty acid composition of ingesta in different regions of the digestive
tract and apparent and corrected digestibility of corn oil, lard and
tallow. Can. J. Anim. Sci. 48:315-322.

Dierick, N. A., and J. A. Decuypere. 2004. Influence of lipase and/or
emulsifier addition on the ileal and faecal nutrient digestibility in
growing pigs fed diets containing 4% animal fat. J. Sci. Food Agric.
84:1443-1450.

Emmert, J. L., T. A. Garrow, and D. H. Baker. 1996. Development of an
experimental diet for determining bioavaiable choline concentration
and its application in studies with soybean lecithin. J. Anim. Sci.
74:2738-2744.

Garrett, R. L., and R. J. Young. 1975. Effect of micelle formation on the
absorption of nutral fat and fatty acids by the chicken. J. Nutr.
105:837-838.

George, C., and D. George. 1989. Food Emulsifiers: Chemistry,
Technology, Functional Properties and Applications. Page 1-7 in A

64



Brief Introduction to Food Emulsions and Emulsifiers. Angelo, A. J.
ST., ed. Elsevier Science Publishing Company Inc., New York, USA.

Gomez, M. X., and D. Polin. 1976. The use of bile salts to improve
absorption of tallow in chicks, one to three weeks of age. Poult. Sci.
55:2189-2195.

Huang, J., D. Yang, S. Gao, and T. Wang. 2007. Effects of replacing
soy-oil with soy-lecithin on growth performance, nutrient utilization
and serum parameters of broilers fed corn-based diets. Asian-Aust. J.
Anim. Sci. 20:1880-1886.

Huang, J., D. Yang, S. Gao, and T. Wang. 2008. Effects of soy-lecithin on
lipid metabolism and hepatic expression of lipogenic genes in broiler
chickens. Livest. Sci. 118:53-60.

Hui, Y. H. 1995. Bailer’s Industrial Oil and Fat Produets: Products and
Application Technology. Page 483-484 and 514-516 in Emulsifiers
for the Food Industry. Stauffer, C. E., ed. 5" ed. John Wiley and Sons
Inc., New York, USA.

Jin,H. C., J. C.Ying, S.Y.Jong, T. K. Wan, B. C. Il, and H. K. In. 2008.
Evaluation of fat sources (lecithin, mono-glyceride and
mono-diglyceride) in weaned pigs: apparent total tract and ileal
nutrient digestibilites. Nutr. Res. Practice 2:130-133.

Jones, D. B., J. D. Hankcock, D. L. Harmon, and C. E. Walker. 1992.
Effect of exogenous emulsifiers and fat sources on nutrient
digestibility, serum lipids, and growth performance in weanling pigs.

65



J. Anim. Sci. 70:3473-3482.

Jorgensen, H., k. Jakobsen, and B. O. Eggum. 1992. The influence of
different protein fat, and mineral levels on the digestibility of fat and
fatty acids measured at the terminal ileum and feces of growing pigs.
Acta Agric. Scand. Sect. AAnim. Sci. 42:177-184.

Kamande, G. M., J. Baah, K. J. Cheng, T. A. McAllister, and J. A.
Shelford. 2000. Effects of Tween 60 and Tween 80 on protease
activity, thiol group reactivity, protein adsorption, and cellulose

degradation by rumen microbial enzymes. J. Dairy Sci. 83:536-542.

Krogdahl, A. 1985. Digestion and absorption of lipids in poultry. J. Nutr.
115:675-685.

Kussaibati, R., J. Guillaume, and B. Leclercq. 1982. The effect of age,
dietary fat and bile salt, and feeding rate on apparent and true

metabolizable energy values in chickens. Br. Poult. Sci. 23:393-403.

Leeson, S., and J. O. Atteh. 1995. Utilization of fats and fatty acids by
turkey poults. Poult. Sci. 74:2003-2010.

Maisonnier, S., J. Gomez, A. Bree, C. Berri, E. Baeza, and B. Carre. 2003.
Effects of microflora status, dietary bile salts and guar gum on lipid
digestibility, intestinal bile salts, and histomorphology in broiler
chickens. Poult. Sci. 82:805-814.

Marquardt, R. R.1983. A simple spectrophotometric method for the direct
determination of uric acid in avian excreta. Poult. Sci.
62:2106-2108.

66



McClements, D. J. 1999. Food Emulsion: Principles, Practice, and
Techniques. Page 109-110. CRC Press, New York, USA.

Melegy, T., N. F. Khaled, R. E. Banb, and H. Abdellatif. 2010. Dietary
fortification of a natural biosurfactant, lysolecithin in broiler. Afr. J.
Agric. Res. 5:2886-2892.

Myers, D. 1992. Surfactant Science and Technology. Page 41-43. 2™ ed.
VCH Publishers Inc., New York, USA.

Noy, Y., and D. Sklan. 1995. Digestion and absorption in the young chick.
Poult. Sci. 74:366-373.

Noy, Y. 1998. Metabolic responses to early nutrition. J. Appl. Poult. Res.
7:437-451.

NRC. 1994. Nutrient Requirements of Poultry. 9™ ed. National Research
Council, National Academy Press, Washington, DC, USA.

Overland, M., M. D. Tokach, S. G. Cornelius, J. E. Pettigrew, and J. W.
Rust. 1993a. Lecithin in swine diets: I. weanling pigs. J. Anim. Sci.
71:1187-1193.

Overland, M., M. D. Tokach, S. G. Cornelius, J. E. Pettigrew, and M. E.
Wilson. 1993b. Lecithin in swine diets: Il. growing-finishing pigs. J.
Anim. Sci. 71:1194-1197.

Overland, M., Z. Mroz, and F. Sundstol. 1994. Effect of lecithin on the

67



apparent ileal and overall digestibility of crude fat and fatty acids in
pigs. J. Anim. Sci. 72:2022-2028.

Polin, D. 1980. Increased absorption of tallow with lecithin. Poult. Sci.
59:1652 (Suppl.).

Polin, D., T. L. Wing, P. Ki, and K. E. Pell. 1980. The effect of bile acids
and lipase on absorption of tallow in young chicks. Poult. Sci.
59:2738-2743.

Polin, D., and T. H. Hussein. 1982. The effect of bile acid on lipid and
nitrogen retention, carcass composition, and dietary metabolizable

energy in very young chicks. Poult. Sci. 61:1697-1707.

Pond, W. G, D. C. Church, K. R. Pond, and P. A. Schoknecht. 2005.
Basic Animal Nutrition and Feeding. Page 91-99 in Lipids. 5" ed.
John Wiley and Sons Inc, New Jersey, USA.

Rampon, A. J., and L. R. Long. 1977. The effect of phosphatidylcholine
and lysophosphatidylcholine on the absorption and mucosal
metabolism of oleic acid and cholesterol in vitro. Biochim. Biophys.
Acta. 486:500-510.

Randolph, T. W., and L. S. Jones. 2002. Surfactant-protein interaction.
Pharm. Biotechnol. 13:159-175.

Rosen, M. J. 1978. Surfactants and Interfacial Phenomena. Page 5-24 and
93-99 in Characteristic Features of Surfactants. John Wiley and Sons
Inc., New York, USA.

68



SAS. 2000. SAS Users Guide: Stastistics, SAS Inst., Inc., Cary, NC,
USA.

Sebastian, S., S. P. Touchburn, E. R. Chavez, and P. C. Lague. 1997.
Apparent digestibility of protein and amino acids in broiler chickens
fed a corn-soybean diet supplemented with microbial phytase.
76:1760-17609.

Shinoda, K., and H. Saito. 1968. The effect of temperature on the phase
equilibria and the types of dispersions of the ternary system
composed of water, cyclohexane, and nonionic surfactant. J. Colloid
Interface Sci. 26:70-74.

Shinoda, K. 1969. The comparison between the PIT system and the
HLB-value system to emulsifier selection. Proc. 5" Int. Congress
Surf. Act. 2:75-283.

Short, F. J., P. Gorton, J. Wiseman, and K. N. Boorman. 1996.
Determination of titanium dioxide added as an inert marker in
chicken digestibility studies. Anim. Feed Sci. Tech. 59:215-221.

Sibbald, I. R., and K. Price. 1977. The effects of level of dietary inclusion
and calcium on the true metabolizable energy values of fats. Poult.
Sci. 56:2070-2078.

Soares, M., and C. J. Lopezbote. 2002. Effects of dietary lecithin and fat
unsaturation on nutrient utilization in weaned piglets. Anim. Feed
Sci. Tech. 95:169-177.

69



Sukhija, P. S., and D. L. Palmquist. 1988. Rapid method for
determination of total fatty acid content and composition of
feedstuffs and feces. J. Agric. Food Chem.119:521-528.

Wang, w., T. W. Alexander, and T. A. McAllister. 2004. In vitro effects of
Monensin and Tween 80 on ruminal fermentation of barley grain:
barley silage-based diets for beef cattle. Anim. Feed Sci. Tech.
116:197-209.

Wang, W., Y. J. Wang, and D. Q. Wang. 2008. Dual effects of Tween 80
on protein stability. Int. J. Pharm. 347:31-38.

Williams, C. H., D. J. David, and O.llsmaa.1962. The determination of
chromic oxide in feces samples by atomic absorption
spectrophotometry. J. Agric. Sci. 59:381-385.

Whitehurst, R. J. 2004. Emulsifiers in Food Technology. Blackwell
Publishing, Northampton, UK.

Wiseman, J., and M. Lessire. 1987. Interaction between fats of differing
chemical content: apparent availability of fatty acids. Br. Poult. Sci.
28:677-691.

Wiseman, J., and F. Salvador. 1989. Influence of age, chemical
composition and rate of inclusion on the apparent metabolizable
energy of fats fed to broiler chicks. Br. Poult. Sci. 30:653-662.

Wood, J. L., and R. G. Allison. 1982. Effects of consumption of choline

70



and lecithin on neurological and cardiovascular systems. Fed. Proc.
41:3015-3021.

Xing, J. J., E. V. Heugten, D. F. Li, K. J. Touchette, J. A. Coalson. R. L.
Odgaard, and J. Odle. 2004. Effects of emulsification, fat
encapsulation, and pelleting on weanling pig performance and
nutrient digestibility. J. Anim. Sci. 82:2061-2609.

Zhang, B., L. Haitao, D. Zhao, Y. Guo, and A. Barri. 2011. Effect of fat
type and lysophosphatidylcholine addition to broiler diets on
performance, apparent digestibility of fatty acids, and apparent
metabolizable energy content. Anim. Feed Sci. Technol.
163:177-184.

71



Effect of Dietary Supplementation of Nonionic Emulsifier on Growth
Performance, Carcass Characteristics and Nutrient Digestibility of

Broilers

Ke-Jung Chen

Abstract

Two trials were conducted to investigate the effects of dietary
supplementation of different emulsifiers (Volamel or Emupack) and
different levels of Emupack on growth performance, carcass
characteristics and nutrient digestibility of broilers. In trial 1, six hundred
newly hatched Arbor Acres chicks were allotted to a 2x3 factorial design
with 4 replicates and 25 chicks each. Chicks were fed (1) high density
diet (HD); (2) HD + 0.4 g/kg Volamel; (3) HD + 0.4 g/kg Emupack;
(4) low density diet (LD); (5) LD + 0.1 g/kg Volamel; (6) LD + 0.1
g/kg Emupack for 36 days. Growth performance, carcass characteristics
and the apparent fecal digestibility of fat and protein were measured.
Results showed that supplementing Emupack in HD significantly
increased weight gain (P <0.05), but did not affect feed intake and feed
efficiency. Supplementing Emupack in LD did not affect growth
performance. Supplementing Emupack in HD significantly increased but
supplementing Volamel in LD significantly decreased breast percentage
(P <0.05). Supplementing different emulsifiers did not affect dressing,
abdominal fat and thigh muscle percentage. Supplementing emulsifiers in
HD did not affect total fatty acids (TFA) digestibility. Supplementing
Volamel in HD significantly decreased TFA digestibility (P < 0.05).
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Supplementing Emupack in HD significantly increased protein retention
and protein digestibility (P<0.05) but did not affect digestible protein

retention. In trial 2, six hundred newly hatched Arbor Acres chicks were
allotted to 4 treatments with 6 replicates and 25 chicks each. Chicks were
fed diets without supplementing or supplementing 0.2, 0.4 or 0.8 g
emulsifier/kg for 36 days. Growth performance, carcass characteristics
and the apparent fecal and ileal digestibility of fat and protein were
measured. Results showed that supplementing different levels of
Emupack did not affect the growth performance, linearly decreased
dressing percentage (P < 0.01). Supplementing different levels of
Emuapck quadratically —affected TFA digestibility (P < 0.05).
Supplementing different levels of Emuapck linearly increased the
apparent fecal and ileal digestibility of protein (P <0.05) but did not
affect the protein retention and digestible protein retention. In conclusion,
supplementing Emupack in HD increased growth performance and breast
percentage of broilers in trial 1 but in trial 2. Supplementing Emupack in
HD consistently increased protein digestibility, but did not increase fat

digestibility of broilers.

Key Words: Growth performance, Carcass characteristics, Digestibility,

Emulsifier, Broilers
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