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MY P AP RS2 RS AR L alkT P RS
T2 ARS THFRS R T AR R TR MRS
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Feiv A G E ML (amphipathic) 2 &4 0 BT BAEHE P 7y

SREIR AR > @ B g hhjt e HY PERFL L ARG AV A R
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B2 RAY Bttt B ISR pH B2 PSR ER 2
o ZEEE S ALV R RR R Y A R Flm 2 R A X5
PopH EE Bk & 2 B (Hui, 1995) « 77 3 dp 01 o &l 7 4 P Fk
" (% %-1998) &3 g v F2onhk bB ERLANELY
i pr Py i R SR A o AT 7 A L7 2EE L R ) B
(Polin, 1980) » #f +: & JFEH € ~ FF ~ FF + A 35 2 2o F L]
* 2% (Emmert et al., 1996; Attia et. al., 2009) - Mandalawi et al. (2015)
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ERESE BT BRI ARTRABE
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FLiv &) (emulsifier) ~ # 5 % o &% (surfactant) > 5 - &5 B
# (amphipathic) it &4 > B 5 7 @ K2R & p— Ao o
Mook A x8 (hydrophilic group) & 7 i3 *t k2t 2L B > AL RB A 5 @
7z —OH -~ —-PO; ~ —NH; ~ —-SO3H ~ -ONa ~ —-OSOz;Na % » ¥ - =3 p| &
Fop ok hEiE R L 0 fL G AL A (lipophilic group) - x
= #n-kf2 Ak (hydrophobic group) o d »* EERLE 2 Sy > H Aok P 25
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Zogh ¢ (2) Atk RGe P 2 B G A s KR R AP 2
2 (FRApRo) &atpRa (REAphe) SHEFERG B -

WG SRR R AL T A2 AR A D EE— R S 4R o Bldo 1 3t
KB H 2 RERYP e W ARTRY RREEEERLETAL Y
BB (3) MokAL M Aehad Fw AT @y T AFE I
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(=) FUivmiT® 54
BOART FUICBIER AMPE S FUIL RS R A o R A

kA TE AR RS S A I ER e g
HBEREFI AR EA& o SR o B EHs T Ba2d
ST e A R 3 RRY > X IE - TREF o d T RN
/}L,s”-&'frﬂi LS S/ L UV ‘Sl g{g B F4p3 BB B
(micelle) A%tk ® (@ P ) e m P, S pFrirg 2 JER G T
A #c®kk B (critical micelle concentration; CMC) o & & & t£&]7% %
doR R AR RR R R K ¥ FIR 6 B A2 A S B (R4
B 4E LAZ BB BN BRIER CBRY FADT T
P EFZ AR (% F > 2008) o FU it A g A E 0T Mo
EREY RIS KRR Y B S B0 & B PR ST o
Tl MRk R R A T R eyt RDE R I T S Bk @ IRaE
vk ez g (38 > 2014) o 5U 1 A F T RE Y o KA A5 AL
C A ERpegh (SLS) 0 H it wR R A o fRR MO RE R B O
k2 F e A (PAEL) > 2 2 HLB i (hydrophilic lipophilic
balance) % i& 40t 2b8g+ 3150 C RIRF ¢ Frappfadl? » RS
© b fefin (PEO) #URF © % i pefiy (PEDO) § #de it it % %
M2 P2 TR MR RR R RE ¢ RAR Y o MR RS

o vz ke (PAEH) b 12 PAEL § fids 2 3¢ v % 22 fis

Tk MR Rk R (55 > 2014) -



RS R LR BEET A L M SRR kS
R2UFVICRIBF L RBETIOB R 20 SR RN rg 2 5L IR
Ao AT L Ao m X T R FICRA RIS AT R S BT AR
% & M& (lonic surfactant) % 233 A % & 5 4% (nonionic
surfactant) ; 2 ¢ g3 A A & SN R RIS B kB Ak FE
R A a3 R e 1EA (anionic surfactant) » . CCR RS
=B+ AR o 52 & (cationic surfactant) % e pFad 5 & T 4F £

AT AR A A AR 6 F 8 (amphoteric surfactant) (4% 3 >

1 &+ 310 o 5

FEHEF AR & BRI R R BAKSAF TR BB
BFF 2 a0t a2 BT ARG IRRIFEY o 5 F
R B2 G BB 0 A 2 pe B (carboxylic acid salts)
. ik B 3 (sulfonic acid salts) ~ 7 fi& iy B %5 (sulfuric acid ester salts) %
Frpaifia M 3g (phosphoric acid ester salts) = « #g o
2. Bap=+ AR o Al

a = AR 6 SR

o
=

hn'S
~
™
[N
hud
s
o=
Ens
=1
=
@H
f

frt
E

2L G oA e M5 41"&"‘371?:] lﬁzpﬂﬁm’?éﬂi—i’ﬁ ProRZ R T 5 (2 3
Aok L TR Tclas o T8 IR g R G g e 8 S
Fidie 8 o FRIA i AR G S AR T P EA FAT BE S 4
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R A LT (amine salt) 2 w 4% (quaternary ammonium salt)



3. A drap+ AR o F A

TS T e B, keEEET RRERES T
A et e o Bt pH O EATR ha fag S Ry ARk (amino
acid) ~ #4 4 % (betaine) -~ =fredef (imidazolidine) % % it e
(amine oxide) ; % pH & % St end A S ¥ L LR

(taurine) o

PEAES AT 6 AP RB R ARG A S P 2 B AW L
Y ARG ERA AR A ARABA R 25 - WiRE 2}
FABATIES B BFREG TIpE 2 & [ M X 297 UF Y T
MEFEGRZPREE BLBRAY T LG VELB R &
ERCANEEE S S S L M N EY ¢ TR R
BREAI R G SEEIR LR Y o Lol kAR AT A LELL R
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(v ) % AP vARafa s R o s A

“EER R EEARIEARd 23 5 BEASS AR R T

=

v 4 g o nE 75 -NHy &8 —NH %l g fod 3 -CHO 2 p
MAE R R TR AL 2T AR G AR H L B 242
Foit fag 2 RIBMR o F F AN R G A E 2 JUIL A o Bilde o
W% e Ppafn o b W EE P AR E o fod AR L R AL E fig ¥ ALY
R R Rl L A i L (G RE)
b fhiF T 4B (190°C) &t F B0 H i fo R e -
B FRERE A 1 230~250°C B ffig it F OB el BE L BR 6 3
4RI G @ A 2 R ER P AR E fig o Bded oKL AR P j2h g
(sorbitan laurate) { &_fF A em 3 ML 23 A Kl iy o 4 K

L1 41 F3 7y A4 iy (Sorbitol ester) 2. 7 5 % 5 Span » ik H % pEAT

|

IR AT - kAP ArE Lrg o HEM LA RN kT
BRI FE AU RBET R AAEE o PHCRITRY LI
WF FIREF o % L PR HAFs [POE (20) sorbitan monolaurate]

B f % polysorbate 20 » o A 5 ALK 4F hzbdp S A R 6 B o

i

PRI LB R, VRS AR BRAE
Tween (% % > 2008) - & # 1 Tween 80 » & FLRF ¢ % oL H i id fhfig
(polyoxyethylene sorbitan monooleate) » = 3 -k L f] 5 4 fafig & (7 B 3
e s o BRI S ARG R A R Tl g R
T O R A XN I U YOS N S E

#FLA  HLB E 5 15-
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201 %23 A H 2 2 HLB &

Y1 Bt HLB @

2ok E Y By Span 20 8.6
( Sorbitan Monolaurate )

3 R ) FR AT P L g Span 60 4.7
( Sorhitan Monostearate )

2ok H R g Span 80 4.3
( Sorbitan Monooleate )

FI o LM 2y Tween20  16.7
( Polyoxyethylene Sorbitan Monolaurate )

BF oL ERA g L Tween 60 14.9
( Polyoxyethylene Sorbitan Monostearate )

FF o LR ppg Tween 80  15.0

( Polyoxyethylene Sorbitan Monooleate )

3 % 2001 -
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(2 ) F-i-Aien
1. Fvivie=

PR R Tk g g AR R R R G o LS FUI
(emulsion) o v it A2 Ao FEA b AR > R AEEA ~ R4 0 B
B EoRen g B FE M ERZ BFAG RS > E P anEk o
R E-FErFAEA IR (WER) B - FERH AR
SR - AR O HF I RBRERR A - fpo @ ¢ BT
2 RAEPIFG AR AR, AR B BRI fER R 2 - R
ZAPARE SRR o F T RBFHL AR ALRT A LA kG
FApz ke Al (oilinwater; O/W) % b 2 4p2 v ¢ -k
Algviv ;% (water in oil; W/O) » "f 2o vh B3 & WIO/W & O/W/O %
z_ 5 £ 54 it % (multiple emulsion) o 3= ¢ #7 7 e faFL L& > PR
9 B OMW 4] » *& FfE BIR>S WIO 3] (% % » 2008) » 5* it &2 f&1%
A (BUkA) el (R A) AR BT g kA2 0k
% o Aok B 4T (hydrophilic lipophilic balance; HLB &)
% %7 (AL 3 > 2016) -
2. B TER

BRI R BB TR B FER DI RF S H B T BTG
R AR R s R G 3R 4 A B A TN Med A S SR A
+ B RO A A S AR R w B R R A S TR ARk
A& (critical micelle concentration, CMC) - & % & & (&8 ck & i 7| {1

B Rk B P BB 45 i 2 FI R Rk R B AL - 3 T
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3. SR E /BT

RGBS B Aok AR R 03 ATk IR R RS AT
B o DATEAZY B oo BB A F R RN AR Y AR e
EEA T G 0 AR R 6 ) S MRS R o B R R T
R FREACR R N B4 0 BB AL 3B Bk Y B
OB RTITORY o @ AT GRS S AR W ARR G B T ot
FAPLBL2ApF A6 o bl B TEMES PARE
£35S V- L N IAPAS T e SIS SRIEAR Ry OF A HIgE R |

Fe A kP 2 AT T PR R AT U R E T R s
Fe e PRI R AT FEAIL Y el gL AL AR
AR R A g e bR b AR G BRI Y - K
2 F T 2Lt Fla R MRS E XA Aot - KT Y
LT E e A F 23S AR G R ER L B BRI GE RB
M 2 Pt Ao F ¢ % (polyoxyethylene) » ¢ @ i o 75 23] & 2

/‘

BV B R R R IS AR G AR g
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(=) HLBi& (Hydrophilic lipophilic balance)

Bod ERA S S Y B R R R A T ) Rk

ke é«fr:@w& ER=gELR Y ztkm B 2 B oL e i T EH o 2P

U

KA T FE EUHLBRE k£ 7 o HLBE 25 2 % » 3

lE’F-ﬁ‘ X =3

HLB=20 x (My/(My+My)) » H ¥ My i B kA2 €8 > MU2 A8 A2

T8 -HLBEAXF » &7 LIV HM-kfse - K3 E 5 £ 2 > HLB

=
s

Mo Room FU TSR 5 o oRIA PR o @ HLBE 3450 1 A2
Z B SRR 0 42 WP FHLBE S5 (VA 22 B8 (A% %k

2016)

15



(w

Z 2. v A2 HLB B4t * 2 2 2582 h-k? 2 iy

N

HLB@®E # 0  k# ki * ip

1.5~3 VRN NPARE-: AL SR o 4l AR =) e Al
35~6 7}27}:"‘; A ‘E/{ ’ }\ ‘BEF_ %g 1% /T_J7 ’J( A\Tﬁ/ﬁ. W/O;”,L it %‘J
7~9 BT 5 e A 4T R

8~18 8~10: § 4w 2 5w & ~ 47> 10~13: & O/WsL i ]
}S“j'ifz}ﬂg Ao 13 R R >2>EFP AL

3T

13~15 LA SN T S
15~18 EFR2EP AR R

A% 58+ 2016 -
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(; ) PR | ﬁ‘.éﬁ‘fk“; 2 }@’i’r

Bode 2 i kAL ke R A O P ERLIP-E Ik b <
EERRCR A BE L LSRR g S Rt R SLR RN s 1

(micelle) » #& % #q B fv] HARSB AT o A B H R~ B 5 PERLZ piig B
Foit B e T R L EFEL 2 REE2 AT EESTLR
O S SRR L R S T R ok SRS
FB DA AR oY L3V R G ER S SRR 2 R

PRy (36 0 2014)
1. “rri"g (Lecithin)

Py (lecithin) 5 Brfg - 8> H iV § L 5 Bivg iR "L kb

(phosphatidyl choline) - 5 At + & ~

“f

B f g 2 VR H pipL 2
PERL G OML-KEE s H b R P sEL g 1 A AL H o B R (amphipathic)

o F

—_

SEEILE R R S (ER R RS ERC S R TEY

P

Wik ;h!af»é‘: L %‘r B %5 LA 838 T o jj,jfgéc ke Y g;,;s;] g ¥ o =&t

=2
=2

P
2

Ak @ ,/9]\ be FPEERG H 4o Py 200 IR sl 4 KA e

ARA 4 E MRS A R e o Emmertetal. (1996) 3% 41> 3%
10% = & @ &Ee ﬂ]‘ v kR PRy (0,0.875 2 1.75% ) & % 3
hep AR S E T EFEHRB S 7 A PRATg 2 RROWME R A A
Cantor etal. (1997) 11 = & “PRifg B~ (N p FLefe 04 4 Wi R
£ /’J‘ v 25% %2 5% frpaiq e R E ~ AulliR 9 B R ApldR g I

& 7% o Azman and Ciftci (2004) *t p Fgidsk @ 12 PPy T 40P

17



X B AL R £ A REPE - Polin (1980) ¢ HdiY i
te 4% A0 T ¥ kA 2% 20 < B PR R A b cnisofT I R O 4 o
BB £ 70% 3 4c I 83% o iz §_Azman and Ciftci (2004) # 1 > § “F
B ¥ a i B E2% BFoRIHE A EARAL f e B8 - Huang et al.
(2007) + 4% 415 30 20 * B b &Y 0 iR PR Bk % B3 (0,
0.5,1,2%) » 7 4r 05 % 1% 2 “PRira P » &% 2k 2 T30p 3

A

E:y

-1 ﬂ"”] tv 2% PR pEL 3o E R A H s orE iR o
Attia et al. (2009) # 77 » >t HE 4+ "a i i 4e 3 & 6% PEER Y
HRE R A RS RE e AP RS 0 A AR 6% P
BH PR R IR Y ) B - R BT 0 e PRk 7 R
FRNH 0 2RA G e TR TE L AR RURPE 4 3% TR
HHCHE =g PR R AN 4 6% PR PR RO H 8 4 - Mandalawi
etal. (2015) ~ &M > Pite 4% TEAMMFH L BRI LW
i R R M RRERESE BRF B R A
CREER S MERRAEZ RLEEARE

R L2 i g oo Jonesetal. (1990) 45 ) 0 7 FE e i ¥
10% <~ 27 ~ 28 ~Fd 2 |39 ’ji';',"’JtﬁlO% PR R WP ik OP

Bt o BB B6 T A

A 4y GP@,}__N’ KA A ﬁfr;; 0y

|
P
o
W
a
‘_D w
w
-~
=z
—_\
pa
LA
=
=%

FPg e L ¥y & A ) v 5 o Querland et al. (1993a, 1993b) *+ iF 7

£t P ‘},”Fﬁ PR A B I H £ R, AR AR

“&v

PR BRI 52 2 L AR E P - Overland and

Sundstol (1994) # 77 > {4t 5-0-14=% 7 7 4 7 e PR B 4e Aef
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Hep K2 GRS (AIN/ME)s K5 b tfo14-35% et A K 4

N
"ﬁr

B2 5 - Kimetal. (2008) 3 5 k4 ® 120,252 5% 2. 9Pl 7g

FHL 0 TI0D A E 2 R R BT R e 0 0 ML Y R

\

fEz 2 e
2. "WPh Bk “PEE"y (Lysophosphatidylcholine)

%% e g a1 R 2% B PERT AkERE " % A (phospholipase
A)) (kfrisz A4 > F1E B TRRACREIER 5 0.02-02 mM/L 5 9
TNl p R A O o (T A T RN L PR Y PR R PERL G |
gl v ag 4 R A e 2 G0 4 0 FIRLF O L A dE 2 fh Rt

TL i?l] o

Ard 4 E AR % i %2 5 o Hanetal (2010 a) * 3¢
Gic? 4 0000501 % 02% "rafk Ppt 0 & F L~ A0
BeE2 IR P EHMBZE Tre R T A ey BRI
AEZ i F o BHARF AR R o FNHE 22 g Y
BFF P - T Hanetal (2010b) ¥ - B~ gk AET 0 2 3

HAHrY 7 4e0.1% o B H E AR § B 2 R B

“&\\
n‘@%

Zhang etal. (2011) & * 3% ~ & ~ 24 2 R qih it 5 p
L ol T AN R ’l 4v 0.05% ™75k “F st 0 >t 1-21p #4pF -
%_‘éi‘a ij_ 2 B 87;7]2@ tx‘F‘ 24 n—\'ft. ,,J 4¢ IR ”F] ﬁ’x gl",@k ;] > -E’,_?,?,_K B AL B b e

BoOHSKRE G RE AR 2

5
=i
o~
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=
N\
o
Rl
B
£
N
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a
Py
-
x
b
x5

FHAGMH T CRHORE S B2 SR S a PP L LERE
B2 R 1-420 8 > f1 8 MR R 2 E PR BB g
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RAEHBHE 2 G F 3 FF 4R > &2 D 5 ZL o
Khonyoung et al. (2015) ** ¢ fg48c ™ | AR fa “PRRg o HHREN £
A S & B i L 7-21p dbpFengiil 41 % 25 - Bootiam et
al. (2017) 45 &1 > v Fpbesir Py be g PR WA RENE A
(a7 SRR T L S "‘fﬁbi"’* e Bk Re TR AL
i i- 5 eRajuetal. (2011) 45 1> 3¢ p Fpep e 7% 0~0.25~05%
R g BL °FEE "y (rice bran lysolecithin, RBL) - $4g % (0-21p #) 2
4R RS B22-42p #4PF 0 be 0.5% RBLATF 5 *c R £ -
iR G 2 e L AR s F o A F 2 5 7 e RBLAE ¥ 3 4v
Paima) v & o @ Jansen et al. (2015) A p FpéeuE e Fpreh 2 fi& “F
Br"5 (soybean lysolecithin, SL) % 333 %. 73 & “P&E4"; (rapseed
lysolecithin, RL) - ﬂ]\ v SL e sz AaRE {,7]\ ‘v RL %

kY
%

For iR a g A i

oo E

1
%$

\\\
-

PR R fe e T2t o gy it X E R

AP KRR PR R R RER R S R

_gﬁoglﬁb?i‘r"

b2 4 BB 2 %2 0 Xingetal. (2008) 4 3 0 5t g
R F 5% R AHEY R 4e 05002 % 0.1% rapk s o tRLT

0-14 = preg £ B> 2 4 4 1535 X 2 2P WM EHFFH 4o
z

W
il
B

—h

s

Sk
ﬁ N
4y
F‘*
‘—-' N

J
Mot
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5
fop
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=g

o
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o

=

(w

Gatlin et al. (2005) ** 4+ i 4c 0.1% % g ik “° Bk g » #7945 1+ 5
AW - Zhao etal. (2015) it ae # pr&fice 5 4 0.05% 2 0.1% ™

"
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PR 8 AP A i 4 B T PR S 2 B R R

RO ERR G R RMERE CYHEA G T Rk T ok

(A~ Feiv R ELE 5 e s B s

B if v R SRS ORAIRE A P S Rk T i) i
ﬁﬂ%@ﬁ%*ﬁé%%&ﬁﬁ&ﬁﬁﬁ’”% PR T A 4o
PERL ~ Py 2 PERIFR LR h RSV R] s dodesll ¢ frghrg > A% ALK
FHEP ko AL HH RPN 2 Bk (micelle) o BT B g aE R 2 TR

./n']]
BApS o X Rl R nie 2 R GRS S AR T

Polin (1980) ** ¢ #p4&fr e 7 4% 2 W > I ¥ 7 2% 2.+ E
PR P 0 2 eS| T SOk 4 0 Bic@ 8 70% 3 4r 3 83% - Haung
etal. (2007) 7~ 1 » &g+ ’T 415% + 2% 2 05% “PRi > V3

POALP E T R EFRF Aoy iap ) it & o Jones et al. (1990)
i E e 2% 10% < B~ A0 N R RS o i";‘,"]wclO%
PR R R FL P RE ) 0 & B B9 B~ Jua £ Pk 1t 5 - Bootiam et
al. (2017) 45 &1 > % p Fpeetre 7 e H R g B ‘PR Py (rice bran

lysolecithin, RBL) ?3 %% i* 3 3 4c o
(1) dimiEse g i it r 4

B0 Frz 4w B s g it B (emulsifying activity) < 3 iR
iR I S ?"é“]‘# (- B~ ~Z% 2 ) "Ek’f??f%?\‘]i N

FRITS A E RSN T 2 P e @ LR T 8 Ree B S T
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;%‘“’ ;ﬁ%}‘f’ ?Ki ER 3533‘” “Lﬁli\‘iﬁﬂ EURLI 1| AR v ?ﬁ’z—}.
EmiegE IR T Ao 30 BRI % (Jones, 1996) - Wang
etal. (2008) 45 41 > d »t § iy TR BB RMN > F

4o~ Tween i 72 23 A5 A ¢ B ERERS *ﬁ»%aﬁw
e H 2 'f? S T ‘51‘-”TW€€I’]80§ I$%§»W ?ﬁ’z\ i R v R v
Fok BB 0 i 9 Fhpokips ie% 5 EREHERT

I Fagyit ks o E XK@Y TN P REERR

(PH=2~3) > ¢ 30 F R > FERICER 1T 0 piT* o425 F
vORE FA G RFRS P LA A L 2 AR Rk fRL )
SRR VRS AL W et A BB B2 2 S (%0 2014)

@ Otzen (2011) 45 1 > F-v FE G- HAp 3 7% @& Foo RIS T
%ﬁ%ﬁ%}éﬁi%?ﬂﬁ?’%}éﬁﬁﬁﬁiﬁgﬁﬁ;%ﬁ
2 % AR Im R psas BREAwEL R AT FEIT Y B
(isoelectric point) P {25 & F ° Kamande et al. (2000) 45 1 - 7y e
ZEAE T A AV IR S e e PR AR B U IV RE R e € B 4 B

2 2 e L AT
B S Ky 4o

FURBT AT LR Gd PR CER MR EGH R R
0 OFERRARR PR B fEis o Bl Y e dt T RIT G g R B
PR T pBRSR2ELE S B

Kamande et al. (2000) & * 2% ¢ jicd P e i 2

Tween60 22 Tween80 & 732 & » B T 2L a4+ A1 54 i H 3y a2
P, #2#% 0-005-01-025-05% % k&2 Tween80 if|
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0 FO A E AT (R ) 2R FEARAE o BEKT
Tween60 % Tween80 ‘& & & 3 4v By & M2 4 $ov s 2 SR F v 2 /%
Ho @ & Tween80 Jk B ¥ M3 S fic 2 4 v R it & § A2 5§
B % 42K - Wang et al. (2008) 45 1+ *t 6 /i % % = F]+ (Interleukin-2;
IL-2) %35 ¥ ¢ %4 0.1% Tween80 » % M & HR v FHRE
e fdv FREGAETN S 5 0 EREH 3 40°C BF > Tween80 R ¢ 2
-6 TR E; FeE325°C P> Tween80 # ¢ it d-v R & > o
EHBID FFCER o (2012) BIR 4% 5 Y R 4
0.08% -4t A5 i A » B A ¢ HI5 Wi B2 L5 A 4%
R 7 A ik R 2 ZEHF IS VR I FERIT T
LG FERFELDEZ £ (2016) B 0 T2 Y Kb
0.01% % ¥ © % ib iy (PEO) B F "% Mipt B30 T2 1+ &
A 4 0.01% 2 - = = Apagh (SLS) ~ A-KMEE S ¢ i AR
(PAEH) % 4f > 54t & (Blend) RI$tp #3v FERIFZ2 25 )
PEEPTERH o h4r 001%SLS BEF /B v Ty it
/’]‘ 4 0.01% PEO ~ PAEH % Blend $f 3+ B % t Fa @8 m 7
foguiv A Fe o 3 FEA T 7 B EBAET - “,$ AR
(2014) B3R > TRV gAY /‘]‘ 4v 0.15% b33 A 50 i F kg ¥

B4 ed FAAR 2T 5 o
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e
(=) a3

}xﬁ:@g ERLE SN R S W S | AN ﬁfé’r;fia\ L2 S IR e S )
30%~60% % 10% - “P§ % “FPE PN 2 KR giE 0 @ f;;_gzgjﬁra? Bwn 2R
2 /AR (funnel) » d& % d fPicptdi2 frg ot H ok B AS SR R

;_Bg;,’grs,z~¢pi%]§]i‘a4hk@¢pw y 745 ;\,i?;% ﬁq_“"*\?g";"
N IR BB S R A E AR A 8 g 2 B (Stadelman and
Cotterill, 1973) o @ {s P|3E+ F > F F S L3200 0 Ha R ¥ 247
B g RRERAT2 A5 TR A A, 33 (38 0 1986; Haet al., 2007) o

g o 1 47 (0 1983) -

:|
B e
DN S SRTI

Fig 1. Structure of egg.

#+ > 1983 -
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(Z) =&
1. ¥ &=~

PRIt B A s AT 0 - 3R H65% kA 0 $12% &
B0 911% 2 F o Hei szt F oo R SR RE
30% @ B P 97 F30% 2 AR B E R kR
2.30% > HA463% % = fY g (TG) 5% 5 "&Ff: - & 3 BT &

% ¢ 3 2= (Noble, 1987) -
(1) &5,

Bifg e p AL F R Z 973 wmie? BT 2 AR A

A S o B a il AR E R G 2 AR e P F oo

PP AR B A ok RREL BT A LA o B

F_*

(glycerophospholipid) % #¢ (& @:%; (sphingomyolin) = &g o+ ¥ &4 %y
d B BEAEL s H W o B Z G AT (PR N R VR
2o PRAR) e Bt IR 5 AR TR R fiel JRIR S Wk
PR R VORI - A S SR AR A G
fisi% (ceramide) HRAALE JEApd o F B PEAG N ¢ FRiR RS 2 2 fig
Bl 2 AT aRTg 2 B (% %0 2006; Blesso, 2015; Liu and Ma, 2011) -
FE- A& B RN S B fktEde (PC) o # KW B, (SM) - By
fee fai (PE) » gifgmesis (P1) o % 4 B2 457 Bin e
(Blesso, 2015) » # ¢ i fiptie s 27 3 £ 5 & o 147G BATgen

75% =+ (Schreiner et al., 2004; Ramstedt et al., 1999; Zhao et al.,
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2011) o BEPo fpiedk 5 A BRVEME O B 2 KR o 2 VFRRE i
Pt F2ZERYE LS RS R RS sﬁ%& Jm e B BE (B

W2 e s 22 i34 (Justice and Curtis, 2017) -
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303 FfledirHnFa

Table 3. Composition of yolk and lipids in yolk

Category %
Water 65.0
Protein 12.0
Fat 11.0
Others 12.0
Lipid category %
Cholesterol esters 1.3
Triacylglycerols 63.0
Free fatty acid 0.9
Free cholesterol 5.0
Phospholipids 29.7

27
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O 0
CH,OCR, A
o HC clm KN R
CHOCR; LA OAA
E) H~C/T N \{;!’ \/Y\/\/\/\/\/\/\/CM3
CH,0—P—0—X
04 HC 0 OH
0-
- B
X=-CH,CH:>N"(CH:): Phosphatidylcholne PC
X=-CH-CH-NH: Phosphatidylethanoclamine PE
H H
X= H Phosphatidylinositol PI
HO OH
X=-CH,CH(NH,)COOH Phosphatidylserine PS

X=-H

Phosphatidic acid PA

Bl 2857 2 B

Fig 2. Structure of phospholipids; A: glycerol phosphatides structure; B:
sphingomyelin; R1, R2, R: hydrocarbon chain; Point’X" is likely
composed of structures noted in the box.

Liu and Ma, 2011.
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% 4. F° mEig2 L A e
Table 4. Typical composition of egg phospholipids

Egg yolk

Concentration

(mg/100g yolk)

Percentage of total
phospholipid (%)

Phosphatidylcholine 5840 71.0
Phosphatidylethanolamine 1500 18.3
Lysophosphatidylcholine 270 3.3
Sphingomyelin 190 2.3
Lysophosphatidylethanolamine 90 1.1
Phosphatidylinositol 330 4.0

Blesso, 2015.
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@A

PEEIRG R M FIRR L - M R E o~ ERLZ 2 F D2 AR
Frow AAPu? RS2 B o B3 ER2 4 ITHG B4eT U
THEY b A PERL IR rg AT 2 e TR RARNE AL TR
(adrenocortical hormones) & F #E3T4 = (v %* 2 & A Ffip
(aldosterone) 12 saaFR8;% %5 R 2 fhadg T 7o 2P R & MR E £ B
A N ELESLEFM B MPAEABIL G 3B RIR A 8BS

7%,)g,y+£pX,}gyr+i/, oG X ??;}g W FILA B 4 A FEF R 2

i}

LTE A MY 2 VEEAEA B o PRl 30 B iilj;t;‘%‘r)

PEEeE G O R s o B iE ¢ ATIEI0% AT 0 Tt A Zi
BT G M b R AR g BRI )
Flm FEH Y w2 7 £ o Frenchand Tullet (1991) 45 1 > 7 FF &
SR g e g 2 4 7 - oo Anetal. (1997) #& 3 ’;‘,5]&4\:5% i

Bk 3 BT Fow ¢ BT 7 B R E BT Y B bR
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Wy Y 2Rz £2 %%

;Fﬁﬁﬁ"“&?—r’g»—ﬁ\:‘”?‘r—]ﬁ —E“i lj}j’g_ ‘\ 75\'%;\‘.\;%*'

~Eprd A 2 & #2 B2 (Hargis, 1988; Elkin, 2006; Elkin, 2007) -
Wood et al., (1961) » 45 » FLE "2 FAE N7 b ldn2 &Y 3
AR - B R OREIRE R A T SR Rk - i

‘ )

=~ R

‘En\‘

Y I IR T E
VR -]
Cunninghamet al. (1974) 45 > B "2FfEz 27 F 23 fdv 4

‘mlt

«-*nl

HF G UEREE S S EREFHRL 2 H 5 53% 2 BFALE o
@ Marks and Washburn (1977) % Beckeretal. (1977) 2. #7 % % 45 &1 >
AR CEEREL PR T ERO T s PRERRZ B G
R ER G P AL BE R ERARL R LG T U T
TP 2 AAT R A E Y Sz FAEAT - Ansahetal. (1985) & i
W RansER O FNEFRBR MO F 2 N2 REFEREE K9
mglegg i A_f Syt b AR BT R 2 h T (gt i = R
iG> FREHABR T EZ A 3

#+ (Bartov et al., 1971; Marks and Washburn, 1977) -

(2) ot "2 A

Sutton et al. (1984) 45 4 » & 2 "EFFRAE F H e by 7 R

FXEEAPM oS BREHA BG4

ARk & - Wood etal. (1961) 4 1 > »t Fdpérfic? 74 1% "R FM A
W obe =5 ¢ PEEERE R o Simetal. (1980) »* F-psetm Y A& 42 %
B FAREE 0 NRPPEFRRL M S 0 R A B Firg R e @

Hargis (1988) # ~ &3> {6 4~ FIfE:h & & FIfE 406 d A 4o "2 F R
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fhHE S 2 R P @ 2RO IR 2wk T o Bartov etal. (1971)

o

B kaow fY 2 EAMERY BT EARLERR K AN -

e £Simetal. (1980) * -déeir? f 4 ® 2 2 "EFAM > 35 ¢ %%

Ap RS

ke

7 RS RPN LR EFER L F o or
U ACEFRRR D T B R 2 hod T LA A2 )RR E R

B LY AR LA o

(3) Fa rfhsp 2 2ok

Bartov et al. (1971) % Lall and Slinger (1973) % 45 4} » & ﬂ]‘
e g B AR oA i 0 FR P PR E R A S AP R B o
Weiss et al. (1967) 45 & > 4 75 e 3 R AT AR 2 B e ¥
R RARE o m T BRI FIARET {oi o TR
g End A T P E AR 2 S o M@ Hirataetal. (1986) 45 1 0 T -
A Fe BRI R RR AL YRS Y EAR LA

PR LI FF P pRESIFFNR A FA G EEFRE -

(4) a5

Cohnetal. (2010) 5 B &¢frpiih (dodpd) G 7 81 0 R D
BEPa B s 4RI T PR Rt pow e AohR 8 ¢ e r < £ H
IR RRG ot o B T BT 0 B ¢ BT (PR o B Rg)
¥ ”i"ﬁ‘ P2 e e B kE MR B oy s e 2. ek T o BE AR PR
Poendr gy B R BB AE S TR 5 BT g e 2 S AR
PRI PR € Frdl By Bk fc o Jiang etal. (2001) 45 0 kT E

g & B oo B R A M BUER IR Y
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20% > @ PRRG P HPEFIRR T £ & FlF S g rp A frR 0 1TF 4p
NpAefr 2 Fof PEHFr PR R SE M T P E o 3 B
2% B PEETRE S o BTl L PR M REAR LN X B PR
PR R L R AR FIIR A g AR Sofr o gt B ¥ PR AL G T
SEPETEIRRZ Z R W g B L o & Ardpfocnir iy fsn-1i
B 5 W% 9B i3 74 5% (phospholipase Az, PLAR) K f# 2. 7 % 2k e Bl

AP EOT I FERL A B PE 0 B ¢ b o PR PR E R 2 i

4. PR SRR F G 2 4 )

Cohnetal. (2010) #% 1 = BaE" ¥ &t B2 2 H R ez 84 - %
- > W E 2B F ot RO R, (micellar phospholipids) -k iz
PLA, & wfcbefi® "2 it 2 € & /1 7> & Mackay et al. (1997) 45 &1 >
Anti PLAF88 # 12 1238 Caco-2/m Pz "2 F s &P~ 4+ - Richmond et al.
(2001) = ¥ 7 > PLAEFr# 3 5t FE 1k + B TP B AR > F L e Bk
KRR 59 E OPE B R R 0t T P A AP B VR R B
R K R TR MR F AR T2 (FF o % 2 o RV RO
Fr2 T (%)~ lma 2 A e 4E) o Hernell et al. (1990) 47 d1 >
WBE 2 BT T A RSO A ok (vesicular
phase) - F]* "% 4 "£ Ffg =3 {z - Cohen and Carey (1991) 4, 1 - 4
B Av H e FARE OB > AR fr 2 B € F MO Y PR R 2R R R
FI PR AR RT3 T ] AR e o @ MR MR AR o B 2= 0 i
Pq TEF AT R A2 BN E R RIME R B 0 S R
fR P~ o BEfg 5 n¥e WCz 8 2 4 > Dowhan and Bogdanov (2009) 4
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BFD S R SR B PR T i B A OVFHOR D A 5 VE R & H 4 HDL

WP VTR @p@;l}]ﬁc};qi o
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pHAL s

TR Y BT A RREA LG RRT 2 YR
A F 2 B
(- ) #&k®F

64 & 13 ¥ ¥ Hy-lineW36 :# x4 E A f i BAILe » 5 B
FJRE 8 EA > FEAF AL (LB ELA) L 24 FRpPFR%
Bhe o B3 37 EKEL -
(=) #H=&H
WAL D 2K 2L BBy (A5 AL E

\\\ﬁr

&
AERHAEEP (2014) 2 NRC (1994) 3-5aér% HIE o & f8:85%

s B LY A AT A Tyte et 2% % B PRE R X B
CREER T EN S (67 P kR) AS LS SERRT oK
B3 N7 79% PR % 21% L B o ,,91\ be kB OPERTGPE 0 1L S
B R AT B R 2Nk LA R G o PR B
4o 6 97T o
(Z) HEHRFELE HER

L Bu &R 3FE 33cmx20cmx40cm) ¢ > kRt F @
* Hy-line lighting program (& * 4§ 5% % » k3 & 10 lux) - 13-17
WL HIF LR 12 ) 7> 18 T MR S L RPFR 1 13 0] pF > T P iE
WH A KPR 15 A4 B D S0 M PEREPETE 16 P12 1 B 4
(6 PEx* 16L:8D) » Fld Frop 2 Mec > MUR RBTE LA (S 0
P E 24P N E A B T L TR EL S 143 o

BEP AP GERES (FETF BUPEEE SFAELE)
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WRHER AR SR L E > oA

¥
s
-nq}
%
#

MR PR B2 EES T IR R E C EER - 9
BRE-FEBRE -FEHI T FAHE - B%HY 482 125
6m XX EAFRARE IS > BRm (6 £ HIRF > 20-20°C 4 ik g o
HE P REEEEE R AR IR V482 12K (s X
AW E EAFIT 23 B PP B A (S 0 -20°C A TR 0 i
PIEE B 7R oG 34 20t I 0.5% TiO, 17 5 3

APl R 2 A A o - o e E 35 R > KA R RT o iR
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# 5. BEEbe s (F%-)
Table 5. Composition of experimental diet (trial 1)

Lecithin added, % 0 2
Ingredient, %
Yellow corn grain 53.50 53.50
Soybean meal dehulled, (47% CP) 27.10 27.10
Soybean oil 3.00 3.00
CaCOg3 11.00 11.00
Monocalcium phosphate 2.20 2.20
DL-Methionine 0.30 0.30
Salt 0.30 0.30
Vitamin premix* 0.05 0.05
Mineral premix? 0.05 0.05
NaHCO; 0.50 0.50
Corn starch 2.00 0.00
Lecithin - 2.00
Calculated values
Metabolizable energy?, kcal/kg 2744.62 2806.54
Crude protein, % 16.33 16.33
Crude fat, % 5.34 5.74
Calcium, % 4.67 4.67
Available phosphorus, % 0.56 0.56
Methionine + cysteine, % 0.86 0.86
Analyzed value, %
Crude protein 15.42 15.24
Total fatty acid 512 6.11
C16:0 0.68 0.83
C18:0 0.17 0.21
Ci18:1 1.33 1.43
C18: 2 2.68 3.30
C18:3 0.26 0.34
SFA 0.85 1.04
USFA 4.27 5.07

TSupplied per kg diet: vitamin A, 15,000 1U; vitamin D5, 1,200 IU; vitamin E, 45 IU; vitamin K, 3.0 mg; vitamin By, 3.0 mg; biotin, 0.2 mg; folacin, 2.0 mg.
?Supplied per kg diet: Fe, 60 mg; Mn, 40 mg; Zn, 50 mg; Cu, 5 mg; |, 0.05 mg; Co, 0.05 mg.

®Metabolisable energy of lecithin was 6746 kcal/kg, calculated based on 6147 kcal/kg of pure lecithin (ft 2 % - 1994) and 9000 kcal/kg of soybean oil.
Lecithin contained 79% of pure lecithin and 21% of soybean oil.
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() H&EAHF
1L &~ EQ2 P34
(1) e F=v FRl =

UL Brlnis L I f24 18 55 60°C-24 /) pF g% (UFE, Memmert
Company, Germany) % fim; 3P % 4 Rk 2 3275 15 > & wlipl 2 8 ¢
fe 30 B 7 £ (AOAC, 1984) - f=B~if £ # & » ™ Kjeldahl ;2 5 #npt
KfEts o R e § FAEE R (Kjeltec system-8100, Foss Tector,
Sweden) Z4kiF Tis o RlEH ST BF FE o LHREERY TE A
(N% x 6.25) °
(2) Foimphle = B2

i P& Sukhija and Palmquist (1988) z. = i » B~if £ 2 HF » & (f
% J=5 » i +c pentadecanoic acid (C15:0) (Matreya, Inc., U.S.A) i€ 5 p
1 (internal standard) > & * benzene > methanolic HCI 2 K,COj; #-&
SR P AR T it o g 4p k& 47 &k (Trace GC ultra, Thermo, Finland)
TEHR&E? P o s A3 E L g (RiX-2330, Restek,
USA) (£ 30 m, ID 0.32 mm) - oven -~ injector % detector ;§ & & %]
160-200°C (3°C/min) ~ 250°C 2 260°C > # &40 5 % 5 Nyinik 5 3
mi/mm - splitratio 10 : 1> f5d & < 4w C15:0 2 4" b » 3+ 5 379 %
(3) 35 ¢ BER § EHT

MUPEE AR 4T B R T A 7o Bedt 1g & 4 > 2% NaCl9mL £ >

RSN T

#F > B~ 10 uL 4c » 90 uL2% NaCl o 2 5B~ 10 uL » 4r » 1 mL fE#

FREk R E353 3037 CE A 54414 kk R 2 (Hitachi U-2000,
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Tokyo, Japan) p| z = % & o
(4) PP o= T

PR "g e ] %%~ Cairns and Peters (1983) #fit 2. = j% o B~ 10
mg 2 “PREFR E ~ 1ISmMLB B g oS4 r ImL & #0353 R E o
#-TLC 4= (TLC silica gel-60 Fps4, Merck Chemical Co., Darmstadt,
Germany) %t 102°C 4457 » F 1t 30 448 - 1L g BRI 5
BERE 20Ul BRSTLCHF Y » BTLCHFEERRY - FEF
RTGEBIFECE HTLCHp BEH Y Bl B30 5 17
% % f vRig o T UV E 254 nm T 4L A Bl disa gl o X R B4t
Pow|PopaBT 16 ML &R HIPAYc P o L A BRI H Y giaR
Ry PR A o
(B) = F M4NER BT

Gz ¥ 7 P 4Kk B 2 A 451k Short et al. (1996) #7ifz. & i o B~
Y029 H&FE 34?3 580°C A i 13 /] FFei4 Fris s 4e » 10 mL
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(1) F-5 &gl 2

EBAERY T34 BE R (Model-HI-8116, Hung-Ta Co.,
Taichung, Taiwan) ¥4k &% 33 T 4488 F H T4+ > $588 12 50
mm/min i& & T 'F > P e R BRI AR R o
(2) 3B 5 AR

RSB FR BRSNS TR AP S e
I A w1 B E RGP 2 ik (Model- ID-C1012EXBS, Mitutoyo Co.,
Kawasaki, Japan) B 2 = 82 335 & > #-= BpHcE Lo v £F
(B) 9 ~FR B AEZ FNHE =R T

Bed-p B4 BT RF R s+ (Model-NFN382, Fujihira, Tokyo,
Japan) ™ 3% Pl < ik (Model-NFN381, Fujihira, Tokyo, Japan) i#| &

HEE e P FEE RS ER38 PPN BRE TR F A

2 X H = 5100 xlog[#7% % & (mm) — 1.7 X 3% (g)°*'+7.6]

B
wh
F_&

Bl E_o b d 5 (Yolk Colour Chart, Robotmation Co.,

1=

Tokyo, Japan) #| & % gF¢ »1~156~» -1 5§ ¢ ¥ d » 155 H

¢ BIFd o
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2. 9 FHEME

AR LY By FORARZ &SRR b R R
o FEAE (N)=

100 — 100 x

34
L

T

gk R (96) K U39 F (%)

100 — 100 x
§ sk i (%) x oy ik R (%)

(=) o7
EAV- X R IR Sk RN S - UL RS B IR R -
EFMFE FF A 0 I A4 49 % s (Statistical Analysis System;

SAS, 2016) % Z gkl v t-test 2 & 7 A 447 0 Bl IR L R o

41



Pz 20 st A A -~

t A
s ‘g ?%K

- ;4%‘5@: ’é?—j;f&‘ﬂ‘]
;ﬁ‘} k‘l%’/”\/ﬂ L& 2

(- ) #F&K3
128 & 13 it # Hy-lineW36 #-3g > 4o el v Bagle » = B
P4 LR (HEBSHE) LT 24 FEPFRERK

e 23 Al Epmed 0 A8 19 -

=) A

R R d 1K 2 4 &
£ (2014) 2 NRC (1994) 3-faér% 08 o v fhids%
j % (2)0.05% (3) 0.1% (4)

B (26 Y AL ZTELR

TR
Wira B Gt AR (1) R e S

0.2% % »zsc (Emupack) - i »Tiy p 2 20% a3 A5 (v A& T A

PRy PE o M i B A Y R R 2R 0 e AR o

() #o4%FE2 HHE

$FILE KB Aok - K N RHRB A BREAFE

ohkE LA o RS B & 2
FHITEEE RNE T R 4GRS XA LA R £l 4

Tts o BRF ARG 5 A-20°C 4k s 0 KRR R FR
ERF AR E c VN A4-8-12% 1615 {s X A BT E £ AL
23T % RN B H T 0 -20°C A 0 BRI R R
7o IO E L 3B FaLPE MY 4 0.5% TIO, 17 5 i i Feipl 2
At Ao G- i o T 35 % 0 KA KT > M F R AR

7
-~

¥ b FERT

A4
i)

o

_L,s,

42



6.3k A X (R - )

Table 6. Composition of experimental diet (trial 2)

Emupack added, % 0 0.05 0.1 0.2
Ingredient, %
Yellow corn grain 53.50 53.50 53.50 53.50
Soybean meal (dehulled 47% CP) 27.10 27.10 27.10 27.10
Soybean oil 3.00 3.00 3.00 3.00
CaCO, 11.00 11.00 11.00 11.00
Monocalcium phosphate 2.20 2.20 2.20 2.20
DL-Methionine 0.30 0.30 0.30 0.30
Salt 0.30 0.30 0.30 0.30
Vitamin premix* 0.05 0.05 0.05 0.05
Mineral premix? 0.05 0.05 0.05 0.05
NaHCO; 0.50 0.50 0.50 0.50
Corn starch 2.00 1.95 1.90 1.80
Emupack - 0.05 0.10 0.20
Calculated values
Metabolizable energy, kcal/kg 2744.62 2742.80 2740.97 2737.32
Crude protein, % 16.33 16.33 16.33 16.33
Crude fat, % 5.34 5.34 5.34 5.34
Calcium, % 4.67 4.67 4.67 4.67
Available phosphorus, % 0.56 0.56 0.56 0.56
Methionine + cysteine, % 0.86 0.86 0.86 0.86
Analyzed value, %
Crude protein 15.42 15,51 16.13 15.98
Total fatty acid 5.48 4.88 5.16 4,98
C16: 0 0.73 0.65 0.69 0.65
C18:0 0.18 0.16 0.18 0.17
C18:1 1.48 1.25 131 1.27
C18: 2 2.83 2.56 2.70 2.62
C18: 3 0.26 0.25 0.27 0.26
SFA 0.91 0.81 0.87 0.82
USFA 4,57 4.07 4.29 4.16

TSupplied per kg diet: vitamin A, 15,000 1U; vitamin Ds, 1,200 1U; vitamin E, 45 1U; vitamin K3, 3.0 mg; vitamin By, 3.0 mg; biotin, 0.2
mg; folacin, 2.0 mg.
2 Supplied per kg diet: Fe, 60 mg; Mn, 40 mg; Zn, 50 mg; Cu, 5 mg; I, 0.05 mg; Co, 0.05 mg.
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EEEJ%‘:%E"%P\?' °

2. B5 FEME

'—2’?51%55‘ ';‘lzp\—:' °

(=) o7

AABRRETE RN SRS TR E425 (MIXED) 11
ezt 447 % b (Statistical Analysis System; SAS, 2016) & % s 48
TS 0 E A & AL *f# (compound symmetry, CS) » &
# (unstructured, UN) % — F& p # % j7 53¢ (autoregressive order one,
AR) = V7 & T iE PR & %3t £ BIC (Schwartz’s Bayesian criterion)
FHESRMNF IR (3% 2012) 0 Syt RS 0 PR O

Z G iﬂz I o drR Tl F (P<0.05) 0 B2 Tukey i » | T_1B
AR S B FERF R RS A A - A R A

(General Linear Model Procedure, GLM) & {7 %3t & 47 o 4o/&d® 22 & &8

% (P<0.05) B2 Tukey iz » Pl T BAIZREF L R o
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Table 7. Effect of dietary supplementation of lecithin on laying performance of laying
hens (trial 1)

Lecithin added, % 0 2 SEM P-value
Body weight, kg
Initial 1.31 1.33 0.02 0.65
Final 1.49 1.52 0.02 0.47
Laying performance
Egg production, % 90.85 93.02 0.94 0.15
Egg weight, g 56.83 57.79 0.53 0.24
Egg mass, g 51.63 53.74 0.62 0.05
Feed intake, ¢ 89.52 89.28 0.94 0.86
FCR! 1.75 1.67 0.02 0.05
Dirty egg, % 6.08 3.16 0.88 0.05
Cracked egg, % 0.89 0.58 0.21 0.34

! FCR: Feed conversion ratio (feed intake, g/egg mass, g).
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Figure 3. Effect of dietary supplementation of lecithin on egg production at different age of laying hens (trial 1) (Week 24-37).
Treatment effect: P<0.15 (SEM=0.94); week effect: P<0.05 (SEM=1.71); treatment x week effect: P<0.83 (SEM=2.42).
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Figure 4. Effect of dietary supplementation of lecithin on egg weight at different age of laying hens (trial 1) (Week 24-37).
Treatment effect: P<0.24 (SEM=0.53); week effect: P<0.05 (SEM=0.45); treatment x week effect: P=0.07 (SEM=0.63).
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Figure 5. Effect of dietary supplementation of lecithin on egg mass at different age of laying hens (trial 1) (Week 24-37).
Treatment effect: P<0.05 (SEM=0.62); week effect: P<0.05 (SEM=1.02); treatment x week effect: P<0.64 (SEM=1.22).
*Control vs. lecithin group: P<0.05.
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Figure 6. Effect of dietary supplementation of lecithin on feed intake at different age of laying hens (trial 1) (Week 24-37).
Treatment effect: P<0.86 (SEM=0.94); week effect: P<0.05 (SEM=1.22); treatment x week effect: P<0.99 (SEM=1.72).

51



—4— Control == Lecithin

2.50
~—~
([@)]
)
(V5] 2.00
=
(@))
D
Q 1.50
(@))
@
Y4
S 1.00
(-
®)
(¢b]
2
N 0.50
o
&)
LL

0.00

24 25 26 27 28 29 30 31 32 33 34 35 36 37
Week

B 7. & e R H T P R AR S L B (GRS - ) (Week24-37)
Figure 7. Effect of dietary supplementation of lecithin on feed conversion ratio at different age of laying hens (trial 1) (Week 24-37).
Treatment effect: P<0.05 (SEM=0.02); week effect: P<0.05 (SEM=0.04); treatment x week effect: P<0.20 (SEM=0.05).
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Table 8. Effect of dietary supplementation of lecithin on egg quality of laying hens

(trial 1)

Lecithin added, % 0 2 SEM P-value
Eggshell thickness, x10mm 32.69 32.48 0.01 0.69
Eggshell strength, kg/cm? 2.11 2.21 0.09 0.47
Albumin height, mm 7.59 7.66 0.11 0.69
Yolk height, mm 17.46 17.48 0.10 0.85
Yolk color 4.27 4.61 0.06 <0.01
Haugh unit 87.31 87.77 0.64 0.61
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Figure 8. Effect of dietary supplementation of lecithin on eggshell thickness at different age of laying hens (trial 1) (Week 30-36).
Treatment effect: P<0.69 (SEM=0.01); week effect: P<0.01 (SEM=0.01); treatment x week effect: P<0.29 (SEM=0.01).
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Figure 9. Effect of dietary supplementation of lecithin on eggshell strength at different age of laying hens (trial 1) (Week 32-36).
Treatment effect: P<0.47 (SEM=0.09); week effect: P<0.30 (SEM=0.08); treatment x week effect: P<0.80 (SEM=0.12).
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Figure 10. Effect of dietary supplementation of lecithin on albumen height at different age of laying hens (trial 1) (Week 30-36).
Treatment effect: P<0.69 (SEM=0.11); week effect: P<0.01 (SEM=0.13); treatment x week effect: P<0.52 (SEM=0.18).
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Fig 11. Effect of dietary supplementation of lecithin on yolk height at different age of laying hens (trial 1) (Week 30-36).
Treatment effect: P<0.85 (SEM=0.10); week effect: P<0.01 (SEM=0.13); treatment x week effect: P<0.01 (SEM=0.19).
*Control vs. lecithin group: P<0.05.
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Figure 12. Effect of dietary supplementation of lecithin on yolk color at different age of laying hens (trial 1) (Week 30-36).
Treatment effect: P<0.01 (SEM=0.06); week effect: P<0.01 (SEM=0.09); treatment x week effect: P<0.03 (SEM=0.13).
*Control vs. lecithin group: P<0.05.
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Figure 13. Effect of dietary supplementation of lecithin on Haugh unit at different age of laying hens (trial 1) (Week 30-36).
Treatment effect: P<0.61 (SEM=0.64); week effect: P<0.01 (SEM=0.77); treatment x week effect: P<0.67 (SEM=1.10).
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Table 9. Effect of dietary supplementation of lecithin on protein retention and fatty
acids digestibility of laying hens (trial 1)

Lecithin added, % 0 2 SEM P-value

Protein retention, % 49.04 49.83 1.17 0.64

Fatty acids digestibility, %
C16:0 91.49 91.92 0.37 0.44
C18:0 91.72 92.10 0.60 0.67
C18:1 93.04 92.78 0.35 0.62
C18:2 93.46 93.37 0.43 0.88
C18:3 95.40 95.03 0.27 0.36
SFA! 91.54 91.96 0.40 0.49
USFA? 93.45 93.32 0.39 0.82
Total fatty acid 93.13 93.09 0.39 0.94

'SFA: saturated fatty acids (C14: 0+C16: 0+C18: 0).
2USFA: unsaturated fatty acids (C16: 1+C18: 1+C18: 2+C18: 3+C20: 4).
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Table 10. Effect of dietary supplementation of lecithin on egg protein content, yolk

cholesterol content and yolk fatty acids content (%) (trial 1)

Lecithin added, % 0 2 SEM P-value
Eqgg protein, % 12.89 12.62 0.61 <0.01
Yolk cholesterol, mg/g 16.73 16.46 0.46 0.69
Yolk fatty acid, %
C14:0 0.09 0.09 0.01 0.44
C16:0 7.21 7.23 0.13 0.93
Cl6:1 0.77 0.64 0.03 0.02
C18:0 2.47 2.53 0.05 0.48
C18:1 9.96 9.30 0.17 0.03
C18:2 5.08 6.08 0.10 <0.01
C18:3 0.25 0.34 0.01 <0.01
C20:4 0.58 0.57 0.01 0.57
SFA! 9.77 9.84 0.16 0.78
USFA? 16.64 16.93 0.25 0.45
Total fatty acid 26.42 26.99 0.39 0.34

'SFA: saturated fatty acids (C14: 0+C16: 0+C18: 0).
2USFA: unsaturated fatty acids (C16: 1+C18: 1+C18: 2+C18: 3+C20: 4).
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Table 11. Effect of dietary supplementation of different levels of Emupack on laying

performance of laying hens (trial 2)

Emupack added, % 0 0.05 0.1 0.2 SEM P-value
Body weight, kg
Initial 1.31 1.30 1.32 1.27 0.02 0.43
Final 1.49 1.48 1.47 141 0.02 0.13
Laying performance
Egg production, % 90.61 92,62 9232 9111 113  0.55
Egg weight, g 5753 57.82 57.77 57.09 055 0.77
Egg mass, g 5213 5359 5331 5202 0.96 0.56
Feed intake, ¢ 90.49 89.00 91.80 89.39 1.02 0.22
FCR! 175 166 173 172 002 023
Dirty egg, % 6.08%  3.92® 400 211° 078 001
Cracked egg, % 0.89 1.03 1.18 0.76 0.26 0.70

! FCR: Feed conversion ratio (feed intake, g/legg mass, ).
% Data in the same row with different superscripts differ significantly (P < 0.05).
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Figure 14. Effect of dietary supplementation of different levels of Emupack on egg production at different age of laying hens (trial 2) (Week
24-41).

Treatment effect: P<0.55 (SEM=1.13); week effect: P<0.05 (SEM=1.27); treatment x week effect: P<0.91 (SEM=2.54).
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Figure 15. Effect of dietary supplementation of different levels of Emupack on egg weight at different age of laying hens (trial 2) (Week 24-41).
Treatment effect: P<0.77 (SEM=0.55); week effect: P<0.05 (SEM=0.33); treatment x week effect: P<0.19 (SEM=0.67).
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Figure 16. Effect of dietary supplementation of different levels of Emupack on egg mass at different age of laying hens (trial 2) (Week 24-41).
Treatment effect: P<0.56 (SEM=0.96); week effect: P<0.05 (SEM=0.83); treatment x week effect: P<0.91 (SEM=1.66).
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Figure 17. Effect of dietary supplementation of different levels of Emupack on feed intake at different age of laying hens (trial 2) (Week 24-41).
Treatment effect: P<0.22 (SEM=1.02); week effect: P<0.05 (SEM=0.96); treatment x week effect: P<0.72 (SEM=1.92).
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Figure 18. Effect of dietary supplementation of different levels of Emupack on feed conversion ratio at different age of laying hens (trial 2)
(Week 24-41).

Treatment effect: P<0.23(SEM=1.13); week effect: P<0.05(SEM=1.27); treatment x week effect: P<0.99(SEM=2.54).

69



# 12, & i FEATRHA RIS TZEE B 2)
Table 12. Effect of dietary supplementation of different levels of Emupack on egg

quality of laying hens (trial 2)

Emupack added, % 0 0.05 0.1 0.2 SEM P-value
Eggshell thickness, x10?mm  32.69 32.64 32.60 32.61 0.01 0.99
Eggshell strength, kg/cm? 2.11 2.20 2.09 2.09 0.08 0.80
Albumin height, mm 7.59 7.86 7.70 7.36 0.18 0.30
Yolk height, mm 17.46 1753 1751 17.32 0.13 0.73
Yolk color 4.27 4.21 4.23 4.26 0.07 0.95
Haugh unit 8731 88.61 87.86 86.00 1.03 0.35
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Figure 19. Effect of dietary supplementation of different levels of Emupack on eggshell thickness at different age of laying hens (trial 2) (Week
30-40).

Treatment effect: P<0.99 (SEM=0.01); week effect: P<0.05 (SEM=0.01); treatment x week effect: P<0.12 (SEM=0.01).

71



—¢— Control ——0.05 0.10 0.20

2.30
~~
N
E 2.25
O
>
4 2.20
N—r
= 2.15 —
(@) \
C )
g 2.10 \ X
[7p]
—_ 2.05
(¢B)
S
> 2.00
(@)]
L 1.95
1.90
32 34 36

Week

B120. &M R b 7 B ki 7 P8R RS R 2 B (B% ) (Week 32-40) -

Figure 20. Effect of dietary supplementation of different levels of Emupack on eggshell strength at different age of laying hens (trial 2) (Week
32-40).

Treatment effect: P<0.80 (SEM=0.08); week effect: P<0.52 (SEM=0.05); treatment x week effect: P<0.96 (SEM=0.11).

72



—— Control ——0.05 —4—0.10 0.20

8.40
~—~
g 8.20
N
+—J 8.00
e
=
Feh) 7.80
i
c 7.60
= NZ :
7.40
-
0
Z 7.20
7.00
6.80
6.60
30 32 34 36 38 40
Week

Bl21 i B4 2 g R i $7 R A Fady 8 A2 B F (#5% - ) (Week 30-40) -

Figure 21. Effect of dietary supplementation of different levels of Emupack on albumen height at different age of laying hens (trial 2) (Week
30-40).

Treatment effect: P<0.30 (SEM=0.18); week effect: P<0.01 (SEM=0.12); treatment x week effect: P<0.30 (SEM=0.24).
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Figure 22. Effect of dietary supplementation of different levels of Emupack on yolk height at different age of laying hens (trial 2) (Week 30-40).
Treatment effect: P<0.73 (SEM=0.13); week effect: P<0.01 (SEM=0.11); treatment x week effect: P<0.54 (SEM=0.22).
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Figure 23. Effect of dietary supplementation of different levels of Emupack on yolk color at different age of laying hens (trial 2) (Week 30-40).
Treatment effect: P<0.95 (SEM=0.07); week effect: P<0.01 (SEM=0.06); treatment x week effect: P<0.21 (SEM=0.12).
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Figure 24. Effect of dietary supplementation of different levels of Emupack on Haugh unit at different age of laying hens (trial 2) (Week 30-40).
Treatment effect: P<0.35 (SEM=1.03); week effect: P<0.01 (SEM=0.70); treatment x week effect: P<0.28 (SEM=1.40).
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Table 13. Effect of dietary supplementation of different levels of Emupack on protein

retention and fatty acids digestibility of laying hens (trial 2)

Emupack added, % 0 0.05 0.1 0.2 SEM  P-value

Protein retention, % 49.04 50.82 5125 5276 1.63 0.46

Fatty acids digestibility, %
C16:0 9149 9136 9224 91.03 043 0.26
C18:.0 91.72 9258 9324 9121 0.59 0.10
C18:1 93.04 9270 9357 9257 0.37 0.26
C18:2 9346 9275 93.63 9232 043 0.13
C18:3 95.40° 94.85° 9516 93.85* 030 0.1
SFA! 91.54" 91.61° 92.61° 90.90* 042  0.05
USFA? 9345 92.87 93.70 9249 0.40 0.15
Total fatty acid 93.13 92.66 9352 9223 0.39 0.13

'SFA: saturated fatty acids (C14: 0+C16: 0+C18: 0).
2USFA.: unsaturated fatty acids (C16: 1+C18: 1+C18: 2+C18: 3+C20: 4).
% Data in the same row with different superscripts differ significantly (P < 0.05).
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Table 14. Effect of dietary supplementation of different levels of Emupack on the egg
protein content, yolk cholesterol content and yolk fatty acid content (%) (trial 2)

Emupack added, % 0 0.05 0.1 0.2 SEM  P-value

Eqgg protein, % 12.89 12.79 12.68 12.75 0.06 0.13
Yolk cholesterol, mg/g 16.73 16.23 16.01 16.40 049  0.76
Yolk fatty acid, %

C14:0 0.09 0.09 0.09 0.09 001 048
C16:0 7.21 7.46 7.24 7.30 0.12 0.48
Cl6:1 0.77 0.82 0.77 0.81 0.03 0.60
C18:.0 2.47 2.45 2.47 2.44 0.05 0.97
C18:1 9.96 10.20 10.00 9.93 016  0.63
C18:2 5.08 5.09 5.06 5.19 0.15 0.92
C18:3 0.25 0.25 0.25 0.26 0.01 0.95
C20:4 0.58 0.60 0.58 0.59 001 0.78
SFA! 9.77 10.01 9.79 9.82 0.16 0.74
USFA? 16.64 16.95 16.66 16.79 0.24 0.80
Total fatty acids 26.42 26.96 26.45 26.64 038 0.74

'SFA: saturated fatty acids (C14: 0+C16: 0+C18: 0).
2USFA: unsaturated fatty acids (C16: 1+C18: 1+C18: 2+C18: 3+C20: 4).
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Effect of dietary supplementation of lecithin and different levels of
Emupack on laying performance, egg quality, and nutrient digestibility of

laying hens

Yi-Tao Hsieh

Abstract

Two trials were conducted to investigate the effects of dietary
supplementation of lecithin and different levels of Emupack on laying
performance, egg quality, and nutrient digestibility of laying hens. In trial
1, sixty-four 24-week-old, Hy-line W36 laying hens were allotted to 2
treatments, 8 replicates each treatment, 4 hens per replicate. Hens were
fed diets (1) without or (2) with supplementation of 2% soybean lecithin
for 14 weeks. Results showed that supplementing lecithin did not affect
feed intake and broken egg rate. The supplementation of lecithin
numerically increased egg weight and egg production, and significantly
increased egg mass, improved feed conversion ratio and decreased dirty
egg rate (P=0.05). There were no differences in egg quality except that
lecithin increased yolk color (P<0.01). The supplementation of lecithin
did not affect protein retention and fatty acid digestibility. Supplementing
lecithin decreased egg protein content (P<0.01) but did not affect yolk

cholesterol content. Supplementing lecithin increased C18:2 and C18:3
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(P<0.01) fatty acid content in yolk but decreased C16:1and C18:1
(P<0.05) fatty acid content in yolk. In trial 2, one hundred and
twenty-eight 24-week-old, Hy-line W36 laying hens were allotted to 4
treatments, 8 replicates per treatment, 4 hens per replicate. Hens were fed
diets (1) without or with supplementation of (2) 0.05%, (3) 0.1%, (4)
0.2% Emupack for 18 weeks. Results shows that supplementation of
different levels of Emupack did not affect egg production, egg weight,
egg mass, broken egg rate, feed conversion ratio and feed intake.
Supplementation of 0.2% Emupack decreased dirty egg rate (P<0.05).
Supplementation of different levels of Emupack did not affect egg quality,
protein retention, egg protein, yolk cholesterol, yolk fatty acids contents,
andC16:0, C18:0, C18:1, C18:2, unsaturated fatty acid and total fatty acid
digestibility. Supplementation of 0.2% Emupack decreased C18:3
(P<0.01) and saturated fatty acid digestibility (P<0.05). In conclusion,
dietary supplementation of lecithin improved feed conversion ratio,
increased egg mass, yolk color and essential fatty acid contents in egg
yolk. Dietary supplementation of different levels of Emupack did not

affect laying performance and egg quality of laying hens.

Key words: Emulsifier, Laying performance, Egg quality, Digestibility,

Hens
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