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Abstract

The purpose of this study is to establish the optimal treatment methods and
conditions of hatchery waste eggs and to build a response model with the evaluation
factors. Hatchery waste egg meal can be produced by determining the optimal processing
conditions of hatchery waste eggs according to the evaluation muti-factors. The
application value of hatchery waste egg meal as a protein supplement feedstuff is evaluated.
And finally feed to laying hens and weanling pigs for their effects on production or growth
performance and the quality of their products.

Hatchery waste eggs contain the infertile eggs, dead embryos in shell, dead or low
grade chicks, and contains high amounts of protein and calcium. Composted and boiled for
current disposal methods, failed to achieve the hatchery waste eggs properties of high
nutritional value. Heat treatment, as in this study, experiment design using central
composite design, constructing the model of heating time and temperature in vitro
digestibility of protein and dry matter, energy, crude protein and true protein, amount of
Salmonella and Escherichia coli. The optimize processing conditions with the highest in
vitro protein digestibility whose main appeal, Dry matter 87% and low energy

consumption as a limiting condition. When the heating temperature is 65°C, heating time

at 23 h meet the optimize processing conditions.

This study has produced 16 batches hatchery waste egg meal, dry matter, content
88.3%; crude protein content of 38.0%; ash 27.8%; fat 21.5%; calcium and phosphorus
are 14.5 and 1.6%. The cockerel was used to detect hatchery waste egg meal apparent
metabolizable energy corrected to nitrogen equilibrium of laying hens to 3378.4 kcal/kg.
Detecting digestibility of hatchery waste egg meal of energy, crude protein, lipid, dry
matter, calcium and phosphorus, respectively, of the laying hen to 87.9, 88.6, 77.8, 85.7,
90.2 and 62.5%, while the cockerel was 82.1, 78.5, 60.1, 74.5, 40.3 and 37.2%. The
digestibility of nutrients of the laying hen is significantly higher than the cockerel (P <
0.05); Apparent digestible energy of hatchery waste egg meal in weanling pig and growing
pig were 2629.1 and 3637.4 kcal/kg. Silicone post-valve T-ileum through surgical devices
in weanling pig and growing pig the end of the ileum, collected digests to detect the
nutrient of ileal digestibility. Results showed that hatchery waste egg meal in weanling pig

of dry matter, crude protein, lipids, calcium and phosphorus ileal digestibility was 55.3,
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36.3, 58.0, 55.1 and 60.3%; The growing pig of dry matter, crude protein, lipid, calcium
and phosphorus ileal digestibility is significantly higher than that of weanling pig (P < 0.05),
respectively 90.5, 87.5, 86.8, 77.2 and 75.3%.

A total of 100 Single Comb Leghorn Hy-line strain laying hens, 23 weeks of age,
were randomly divided into five groups. The control group was fed 2% fishmeal and the
feed of the other four groups was supplemented with 0, 4, 8, and 12% hatchery waste egg
meal. The nitrogen content, apparent metabolizable energy corrected to nitrogen
equilibrium, and calcium content were equal for each group. The duration of the trial was
18 weeks. The results showed no significant differences in body weight, egg production
rate, egg weight, feed intake, feed efficiency, and egg quality among the various test
groups (P > 0.05). However, supplementation with hatchery waste egg meal resulted in
significantly greater eggshell strength (P < 0.05). Moreover, the results of sensory analysis
revealed that only 3% of the subjects might have aware the taste of peculiar smell,
although this did not seem to affect acceptance.

Finally, diets containing spray-dried porcine plasma 2%, hatchery waste egg meal 4%
or non-animal protein (control) were given to weanling pigs weighing at 10 kg. When
body weights reached 20 kg the pigs were sacrificed to determine the concentration of
immunoglobulins in plasma or intestine and the villus structure of small intestine. Their
growth performance was recorded as well. Results showed that no significant differences
existed in growth performances between groups. Pig fed the diet containing spray-dried
porcine plasma exhibited higher concenttation in plasma I1gG and IgM compared with the
control and HWEM groups. IgA concentration in plasma and intestine was raised
significantly in the spray-dried porcine plasma and hatchery waste egg meal group. As for
villus height, villus area and depth of crypt, no significant differences were observed
between those groups.

All in all, this study to establish response patterns hatchery waste eggs for the
hatchery waste egg meal depending on demand to optimize processing conditions. With
the highest protein in vitro digestibility, dry matter87% and lower power consumption as a
parameter optimization. After product quality optimized production hatchery waste egg
meal add 12% in laying hen diet, on its own, no negative impact on laying performance

and the quality of eggs, eggshell strength had positive promotion. the growing pig had

Vi
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better digestibility of nutrition than weanling pig. Add 4% hatchery waste egg meal in
weanling pig diet not have a negative impact on its growth performance and can improve
intestinal mucosal and plasma IgA concentration, without affecting the character of the
intestinal villus structure. The results can be used as a reference for future treatment and

application of hatchery waste egg meal.

Keywords: Hatchery waste eggs, Hatchery waste egg meals, Response surface
methodology, Apparent metabolizable energy corrected to nitrogen equilibrium of laying

hen, Apparent digestible energy of young pig.
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H5 27% > 7 prvepi 0.6%(Sauvant et al.,, 2004) 5 & 251 o ¥ — B 90t 3
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B3 47 (Hamm and Whitehead, 1982 )z B 3 33k 2245 7 £ B (£ 1-1) >
% % i£ 7] 25.6% (Mehdipour etal., 2009) » d ** 382 % % ¢ B F 345
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SRR PO Y 2 RTS8 55 E R 1T 5 e (Carr

etal, 1992; Dasetal., 2002): & 2 d 34 B AP AI0H-2 7~ Hhfy ~ 33

LEREEEFECAS FABAFS o wd WHEAZTERS (H
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and Salman, 1986 ) - 47 & L 4] * & 15 22 g2 ,Kfie\" }i b LE R
’4Hwﬁ@m’vﬁ4i$ STEBIT L o

TSR R PRI F S A R G P 2 BT ST A 1AL o
Lﬁkﬂ TR & AT SR e R B R e B S o
He updgHmhah g A5 5% Lo

Miller (1984) ¥ix¥imitF A a1 k1 1:3RE
FadHEd s g e mid YL 13.6% 0 wfpdiEaE? cEARE A
140°C > 3% fé = 57 Ak i@ P < F (Salmonellaspp.) - ¥ -
Lilburn et al.,, (1997) #-%k p >V 32 it Fm AL 540 & > 1L
BFINEZRY LD fé Fad2 3 N o KR T A Ay o TR
SRVER S PR EEY SRS LR

Rasool et al., (1999); Abiola and Onunkwor (2004); Adeniji and
Adesiyan (2007); Abiola et al., (2012) % &_i¢ * & "% i< R k& o ™
R 15 min2 h 2 % > 25 gk R ER R o V-
RER4# - RRERIAEIAE > & L0 Mg R F RRF k-
v B # 41 * F(Chiuand Wei, 2011) » » B A=A 7 1% 22> % o

ERES AR P2 R e AR WiEE & F R
FASL & AELRJILIFEEAE ST F i (0 Chiuand
Wei, 2011 1+ ¢+ ) - Deshmukh and Patterson (1997a, b) # 3 ] * fc2 %
Az > jE gl a2 AR - /’J* de gL ﬁfri*pf] ( Lactobacillus ) »* <m-i-
BRI O TFEAEBECHASS T2 RE L A1 el ok
RO SR A 2 R PR e R e A e S B R R
A R G wE e 2 VAR o M2 MR L e Y Briipk
v mivipé i 1 (Cheeke and Dierenfeld, 2010 ) - 4o % 4kl 12 1. 5F 82 % & 3y
P R AR T A RORE R T RORE Y 1 & 2 UPRA
i o PFrdFen FAT LR Y BRRpL e T R ARpL 2 3 B S AR ROE | B2
S ipdp o FILFES RG22 AITS N e ASLIER PR A S R
ZFARE F IR FEAF PR Ry AT L LR

(2) ~ BER R s B R
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R IR R AR R A oG R RIS L
Vandepopuliere et al., (1977) & #E#-mit Fan it £* 1 KA "% 3 5% >
B g p A R AR 4121 BB S s RER R R LY
W Rz RN SRR AR T REE G T RET
[lian and Salman (1986) > 4 | ﬂ]‘ b 2.5 87 5%k 3 F-dbe ot poFpAepL
e 458 8 12%hE R BRR N BRI Y o R R A
2.5%R R -k 2 e f oA £ ,,] dv 4822 12% 5 B
For AHFRAFEL AL BT AR 4 5588 10% 55 R -k
Bt gAY > X A¥HE A M i & § 58 (Tadtiyanant et al., 1993;
Al-Harthi et al., 2010)-%g iz e % » % Abiola et al., (2012)% 3.2~ X 10%
A (AR5 A%)5e P32 R BT ARSI RF

B ERER RIS Rd A LR e p R
A LM A A a A8 - @ Rasool et al., (1999),9* 4e
12% 7 3 33300 B FLAUR P o SRSk R G AF o £ B AR o
ootk d_d g 344 > Mehdipour et al., (2009);,?11 4v 1.5~3.0 2 45%
B R Bdok o e A5%2 e nl g RF iR S £ o PR e 3.0 &2 4.5%¢h
Eup F R s o dF i ak s B 4 & 35t Abiola and Onunkwor
(2004) HM-meiv Frpe i et B DA > JIF EE U E pRhig HA
%EWHZ%ﬁ%L}ﬁ$ﬂ&E@ﬁﬁﬁ’aw%@O%&ﬁ&?mW6
Z AR EE  SERRT SRR R AL L6 2 W
W W RRE Y LR G ORE B RE 2 AR b 100%5 g e
FREZFRE -

R L ATESR S M R % P 3 R e 4o 72152225 82 30%
SRR RRRTIRT BAREY > RREEETHE C R HES i
PEEF R RRLY A A LR E 2] kR BN Y F MR
P& 2 (Adeniji and Adesiyan, 2007) > # & F]¥ v & 35k 75 B4 T 2L
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SEFER RS
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BB b sl - 2L R L AR REREFET
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Table 1-1. Literature review on the treatment of hatchery waste eggs and the

composition of hatchery waste egg meal

Literature

Raw material

Treatment

HWEM composition (%)

CP EE DM Ca P Lys Met
Tacon, 1982 Culled chick Air-dried at 60 554 320 95.0 40 12
C
Miller, 1984 Turkey hatchert Extrude, 140°C, 136 22 896 1.6
waste(infertiles, 5 min,
dead embryos, Mixed 75% corn
dead chick) meal
Ilian and Hatchery waste Cooking 100°C 228 144 96.1 226 04 11 0.7
Salman, 1986  eggs
Tadtiyanant et Liquid hatchery Extrude,160°C 51.3 324 795 34 18
al., 1993 waste
Deshmukh et Hatchery waste Fermentation 331 243 1.4 0.7
al.,, 1997a, b egas
Rasool etal.,  Hatchery waste Cooking 100°C, 44.25 30.0 73 08 19 07
1999 eggs 15 min
Abiola and Unhatched egg Cooking 100°C, 56.0 18.1 104 0.1
Onunkwor, 30 min
2004
Adeniji and Hatchery waste Cooking 100°C, 221 6.2 91
Adesiyan, eggs 2h
2007
Mehdipour, et Hatchery waste Toast at 100°C, 243 122 832 256 15
al., 2009 eggs 5-8h
Handa, et al., Hatchery waste Hot dry 80°C 355 114 947 15 0.7
1996 eggs
Al-Harthi et Hatchery waste Boiled, 100°C, 365 285 18 0.8
al., 2010 eggs 30min
Chiu and Wei,  Hatchery waste 65°C, 23 h 383 215 885 143 15 20 0.9
2011 eggs
Abiola, etal.,  Hatchery waste Boiled, 100°C, 423 239 952 110 0.7
2012 eggs 20min

Hatchery waste eggs: infertile eggs, dead embryos in shell, dead or low grade chicks

HWEM: Hatchery waste egg meal; CP: crude protein; EE: ether extract; DM: dry matter;

Ca: Calcium; P: phosphorus; Lys: lysine; Met: methionine
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Table1-2. Literature review on hatchery waste egg meal in animal trial

Literature Species HWEM Performance

amount

Vandepopuliere Broiler, laying  16% No negatively affect in broiler growth performance
etal., 1977 hen and laying hen egg production

Ilian and Broiler, laying 2.5, 5.0% for No negatively affect in broiler growth performance
Salman, 1986 hen broiler ; 4.0, in 2.5% and laying hen egg production all level diet

8.0, 12.0% for

laying hen
Tadtiyanantet  Laying hen 7.95% No significantly different in egg production, egg
al., 1993 weight, feed conversion and egg specific gravity
Rasool et al., Broiler 12% Better in weight gain and feed efficiency
1999
Abiola and Laying hen 0.9,1.7,2.6%  Highest hen-day production in 1.7% HWEM
Onunkwor, Highest yolk weight and albumen in 2.6% HWEM
2004
Adeniji and Early-weaned 7.5, 15.0,22.5, Gradual decrease in weight gain, nitrogen intake and
Adesiyan, 2007 piglets 30.0% nitrogen digestibility as the level on HWEM in the

diet increase.(control diet was significantly higher)
Mehdipour et Broiler 1.5,3.0,45%  Higher intake in 4.5% HWEM
al., 2009 Higher tibia ash in 3.0 and 4.5%HWEM
No significantly different in carcass analysis

Handa, et al., Rabbit 6.7% 6.7% HWEM can replace 6% FM with better FCR
1996
Al-Harthi et Laying hen 5.0, 10% not negatively affect productive performance and
al., 2010 egg quality, inner organs and lipid metabolism
Abiola, et al., Broiler Replacement FM can be replace 10% without adverse effects on
2012 FM 10, 20, growth and carcass traits.

30% (FM 4%)

HWEM: hatchery waste egg meal; FM: fishmeal
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HHABREAIFIRAPF O FLE IR T RE S S E TR D
A o bRIE[FARAYF AL B RIES ¥ N
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A e I
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REBRAP AT RAZREIFPAZTEF R B EDY RS PEFL
TRCEY o gt e gL SV HFORAS o
v L
NEAILAMGEE I oo N FEREF RS M ERIRT A
¥ % % & (Wang and Parsons, 1998) > & ¥ & @ & T 1 o % #cH A AP
FRASZTER FWPET 2% P F AL wRAERIS B ARE
FRoodm B RILET P REFRAES BRI bldopg Bl i R %Y
F AL L RS B TREEASFRLE RS RAE

o

2 it (Shirley and Parsons, 2000 ) » Fr p#5 -k A 2 8 0 & F Mikd F 7 £
LR R RERA T3 B Sfeany & 2 T (B
cl AN L ARG IR 2 b F0 ) VPEREEFASFZ AT
(Lundbald, 2009 ) ¥ * &Pl Al xR P FMAF R T HRIZ R 255
GAERY 273 EEINARREZ LA T 2 X L HREY R
0 AT R E S a BRIl T4 F 0 &2 5 (Svihus et al., 2005;
Sun et al., 2006; Vicente et al., 2009 )o 4¢ #t EJ2 B ¥ 4% § v %‘r I &
B T BAIERE G R ED R B B AR LR AR Bk
PR SR 2P E R SR A %(%@&»w%y@wﬁﬁw
SRR 5 SRR e T R S I D A R ke
FARSL R MERR & $ Feh g £ (Fastinger etal., 2006) 0 I pFe ¥ it '
Mho Fere % Fo 23 BED 0 FHAE S Ao BASTRARG T AR
NHABRP ORI L FORILIE R AL T R R EhE S T
PR REREPER ERPTA S Y RN
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=
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3~ A f R
Fl* 2 PR A@iE S AT 2 TR LT I s v T
BARGFEJY D RMAFERET SR DA e F EERL T ¢ D
TR TEEAIES T Y 08 (Carretal, 1992; Das et al., 2002 ) >
AR ENF T AR D SRR RE B SRR LR 4NH U A S
& * (Lundbald, 2009 ) o | * # 2 ad@ A 3 = ¥ JI * ficd f 55 P i

PR ENBEEFESD

SIS LR o RS SR X
B R B RAY R ERF SRR o

BT I,

e

o By FrRe o RARTEET 0 B0 Al o pEketE MR
fa ? pivkpienz £ (Cheeke and Dierenfeld, 2010) - p = % * en031 - & g
Atk g n BARAREF 5 LR DUDRAR  FtipiRAR F B gk

HRE MR PREAIIA LB R E o
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R VARG REASE T i &L
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RO ARERET FEF L ARIERSR RJILISTG ﬁ?:}%%%’ér}é AR
Wi TG R BAAILT NG S A Wk
Rod €3 PE A I HRREE LI EFELY EHE
EuREEREt g Ko g p B350 ¥ g
AT AT 2 kG gL iFE Rl oy p RBERFoPERS P
fﬁﬁl““% FHRBRINEFOTe s LI § RRET R TR RIE
EE B EfREY EAR o { B P RBZF T IEH BT Ap ST AT fe Bl
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B P ILnp B AR A e 1 - B B L ASE A
& (McEllhiney, 1985) » % iv & = d2 > 2 82 & & 5 F 2 B » ¥ 7 f2

B A SRR R o iR iE S d Ry Rk
VLRSS R R E 1 PR o g 2 e dR R B R 2 B i 1 T 5N
LA BHI - BHFE RGN R AR D i Rl ¥ -
2 B ehE st 30 N At | &
FRILIEE o F - HF e 2 H TS A TG BEERK
P BRI R E AT R A 0 T E R R S A
AT R AHZF Y 5 AF ALV GRS 2 3 a2 i £ (Chen,
et al., 2005; Hung, et al., 2008; Fang et al., 2010) » #&c b = 531 F Rd @ 2 ¥ &
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B U B (RBARSARNR RS ) R TP G ) 2R
LT REERE ) R LR AR Dl > L &S
g o s p RBCTE R S R R K T
BILF KT RITIE 2 U] o Gldede FUR R chB KT g JE Mt F R o
FRORBARIFEFE L S AR B F A d A S} T
ﬁ’kﬁ4§%%*ﬂ§¢% T ihd o G AR T BRI hit 4 7]

PRRE & PN p R E R =SSR 3 SRS RS S
W o
BRI 2 ko

@ﬁﬂﬁiﬁfﬁ—@%ﬁﬁ—fwwAfé%&z@awﬁogg%&
- BREALHERRRE S BAA B PR R R Y hE e fFo
F25t e i H AU S A ARk L ﬁ*ﬂ;ﬁ FlF &R omAF
B AR JR AR F1 S SRR o B R RBAR S A 2 Ar s
i 2R AaR (R?) T*u:bs o I S S AR T R ki R R R

TWI,{]:& ’ ]E—Fﬂ,\}imll—k]i]‘ vo—- l[}? ’ Ur;&l[}ﬁl%g{é/l}d’sfﬁ%&’%%g

-

5x5=25 BiFEHEL i F T p REZF LT ITH o 3 18% 43R

BAF ARSI F- BERNET AL B HAF Y EREL T L 26

e Ao AR EET o Mo g VY- AF A A MEARE d
I ARLEETOHYRGERS PG R OpE S GRS A B

o
ﬁ

CEL A T S G o fE AT N R A R R

F ¥ @ ;% (Response surface methodology, RSM)

AR R 2>t 1951 & > Box fo Wilson % [r i& (7 3% jf &2 o5 3¢ ored =
Bl E S N om0 F B & ;‘211)’?&;##;( Box and Wilson, 1951 ) -

BHBET R PR RECTFIE AP PHCHEPE S &
PEZ 1 LML Lgm AR Y (Khuri, 2006) © Flpt F B G 5
- BB EEKE CFHREAVERFRI O B R B R P P RGERE
DRI ARG hp RS BRI A AT R E L #
B PPk R TR o RIRE%R T By 220 p RS Rk
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IS 2 BF R Iy 22 R AR B RpRR T R
REZFREE DN EHRTI S B R - BREER FUZRZ
B2 28y 6@ AF LS F By w2 (Myersand Montgomery, 2002 ) ©

- RO RAFTRSIM ARAE ZZBRFE > F-FERETET &R » - 1F
B RBREAF R PRy AN PR S ZFEH F Y 5 B
FiltFfR o % - FPERZFFTHRY U E IRV BE 2% RS B2
PRBEZAPTEE Y R REL G REFF T T A o
FEEER T v 2 p ¥l 2 s g F (Myers and Montgomery, 2002 ) -

&7 > RSM E5tp sy i Rl B ende R 00 T o 5 d 3
3k AR p BB FIN G 2 SRR
o P EATR R e T2 p RS R R B2
* 2 BT E 5 ¢ w4 £33 (Central composite design, CCD) & &_

Box-Behnken % 3+ ( Box-Behnken design, BBD ) - CCD 1 * 84 p % ¥ >

N,

<
o

f

I

21 2

-k
F.

w
1\3

A% Bk 2 0 4o+ phEk (Axial point) % ¢ gk (Central points) & & 5 -
PLAF SR R (Aol 1) M A2 P hG R 2 2 Sy
EHpd RRGp ez Slico i 4e? BT LT RPIFBY 520 FT
BEFESGFBL PR FRFLTY N2 (Myers and
Montgomery, 2002 ) -

¥ - B4 * > RSM 2 #%% 3+ 5 BBD > 1960 & Box £ Behnken 1345

4

T3 % > B %% 3 (Balanced incomplete block design) & » 3% 4 — ut
EF Y o ez % %% 3 (Box and Behnken, 1960) - BBD 7 2 H ¢ -
#A°BBD &7 2 B#EFFRFEI R 2ETET (AeBl 1-2)0 g * 2=
FlF &= F]F b AT 3 8P 5 35 pF o EBk e CCD 0 it
Pk eden 3 2 G ook he
R PRE O I G 2 BRRR VR RR I TR BB I
N e CRRE LS AN (IS E R R 2 A U O LR 8
;9 &g F Mp) 7_(General linear model test) 7 f2 %]+ &2 F R E R k2 f2 R B1E
F2Z N EEEE cBEFRYHN A F LR A 2 (Lack of fit test) #2550
F2BEN  cEWS G AREFRE (BRAEF ) F Y 52 ¥ S
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Factorial design
with center point

~ -
N -
\~.."

Central Composite Design

Bl 1-1~ ¢ <df E3K3
Figure 1-1. Central composite design
http://qualityinvention.com/QllibraryArticle.php?id=9
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%] 1-2 ~ Box-Behnken % 3+

Figure 1-2. Box-Behnken design
http://qualityinvention.com/QllibraryArticle.php?id=1
%20title%20=Box-Behnken%20Desig
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http://qualityinvention.com/QIlibraryArticle.php?id=1%20title%20=Box-Behnken%20Desig
http://qualityinvention.com/QIlibraryArticle.php?id=1%20title%20=Box-Behnken%20Desig

Current
Path ef steepest ascent

g] 1-3 -~ u{.ﬂ N %\u% E
Figure. 1-3 Steepest descent / ascent method
http://zh.wikipedia.org/wiki/ = & & ;=
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1 3o Fat % ol 4
Al-Harthi et al., (2010) *t#@l+ 2 &R -3k > ik F7E95
36.5%  frgkia ) s 1.2% ) ¥ 4 & F0 FA LR AH R o ich L
AAH > ek 18% T e Fed B A 20% 0 o 5 F-v B L R (Harris,
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m&&gguaﬁw§%$@1£$,ﬁgﬁﬂg%%&@iw@$,%ﬁ
2T FF A R DFS VR TR L BR Bl 7 R R e

e

N

BEFEF I ¥ i@ Rtz R (Wiseman and Cole, 1990) - %
¥R ES 2 A 47i ¥ 1 * 174 45 (Proximate analysis) # #l§z 4 T~
R F(F ) g (LEEPRPF) s R Za§ PP
(Nitrogen free extract) 4c ' & R|'=iAfk 5 £ i}f#d» TR Rew FAT L R
kA -
Foo FA L RB R 2T LB ¥ € o 10-30%2 fF > Rk
TR ez b s F T - RA 2 B 0 Tt T iR R A R R
FAIF 2 G AR v FA L RP L & DT B ERAET I
Y+ e & s+ 2+ (Adiabatic oxygen bomb calorimeter)# iB] - i€ # &% > ¥
WO H T ke £ BIERETI AN E o AA#F N E LA §
£ JE He P& o 2o sk st (Gross energy, GE ) > 4t it & &2 % DA
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energy, FE o 2 GE de*f FE 23 4 7 reij it 2 i £ 4 5 7 i i+ it (Digestible
erergy, DE) & it & | /i «hic & (Urine energy, UE) » 7 12 #-j it sz @
R i Y 2@ B4 0 ¢ A DE &% UE LR R

(Metabolizable energy, ME ) e A (" 3¥feie £ ¥ 2 = 23 » 2 A& 4 £ 5 5 ~
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FRA U FR T R S ﬁta #.3% 72 (Heat increment, HI ) - ME
;}rﬂf HI z_ {5 % % 2 i (Netenergy, NE)> @ NE Bt & 5 #¥ v A # 4 @
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BRGY o d Y EhL R FEF Y KR R 2 Edp ik
¥ ME:>ma 33 % * e0E_DE & ME( %, 2008; Lewis and Southern, 2001; Pond
etal., 2005) -
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WEESREEE M RRZEMP RRE G A AR LR A
BOpER SRS AR R o B B EE Y KR e b
hofe v B g s e B A s B G FAT L R e o i R EhR
FAI GO FETr F o RREPF CRBEFT ISR R FTH LR

2 FRARE T2 ar 2R BH AP R DT T g7

4
|

S A LR T T PRI TR B

?ﬁﬁﬁﬁﬁﬁ%%gﬁwmyu fRe it Foska x40 BT B FE
LS RN TR ik ’wﬂ%%{ﬁ£$a%§%ﬁﬁ’@%m
WHRERE 4 FFREBPREHR OBV ERZ ER9 FA LRI 2
?ﬂ%ﬁo%mﬁﬁéﬁ%#ﬁﬁa,kﬁA%t@%ﬁ@é%’@ﬂ?
T fERe FALRMEER T I Fod f g AR AR R Rl

PR EFEE RAIER L AR gy iRy é#?f AT
R AR R 2 2 T Fh % RS SRR L RAsHE 8

N

REEERE EFFAJINFELE 2 AN A2 FF o2 & %{’T
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& NF)F ol PR R pL 2 T e ¢ & 407 2 & Mitchell and Block( 1946 )
FIr kB FRE R B FiRp L 2 B idpth L5 W8 4 d2
(Chemical scroce ) s* #ic#y 22 # 4= & 3% A e B (r=0.95)> Oser (1951)

{ 8- g Ao sofl 5 ¢ F "Rkl dp #i( Essential amino acid index, EAAL )-

EAAI 2_i& & = ;2 %&{#&ﬁ SR D P T RAR BB NP T

fs EAAL > B 5 54T

n|Lys, X Met,, ... His,

EAAI =

Lyss X Met, ... Hisg
Lysp, Mety, -+++-- Hisp : # 77tk &% Fifipfiz 7 &
Lyss, Mets, ------ Hiss @ 2 7 ik &b F oo phz 7 £

TR RE ARG F o A FLRER > § EAAl Icig 4370 1
gé,rb,x 3 H T skéf& M i N N Méf& N AP 1T o F] L ﬁ.zgrq,.—a [V
Eio- B EE I RAAH A B RS RN 2 LA ST
B~ X Bk i&? Wk BT AR T e (B a4 T
PN B G L 2B ERY FIEARE o REE RS T AR LR -

EAAl 2 #icld i 7 B2 L& Tk FERER2 P2 3 88 T4
EFHRT T AR2RBERT FFRZ LKV RIBHAHLIIAE 0 ¥ 7

EER 1 3R TP

CRE RA Y gL TR
Q) rgei ® 5
Fh B il B e 0y 0 UE R RIECAEE - F1t GE de'f FE
21 UE 2_ {8 R & enE > a5 Rl e ME (40 1-4) - ME 5 &5 Rt @
fom RATRBHTIY 0 B A mAHI AR R A £ A
ARAF L FREATTIY o Fptw ME iT5 RE TR RN 2
hEF E R B E . AR ME 25 > ME ¥ oA 2 &6 & F
( Apparent metabolizable energy, AME) ~ & 1 % & i #fs (Apparent
metabolizable energy corrected to nitrogen equilibrium, AMEn ) ~ E i 3t
( Ture metabolizable energy, TME ) - % i £ {4t (Ture metabolizable

energy corrected to nitrogen equilibrium, TMEn) % 4 7+ - TME 22 AME >
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43 ¥ p ki £ <0df 4 (Endogenous energy loss, EEL ) » @ EEL 4%
EARR F) & kBl AME enifz ¢ EEL hid vk B % & EEL ¥ 2%
BT g2 B F a9 8 MPFEEL & R E Aa B b L o Hd S
% = AME ( Guillaume and Summer, 1970) - %]+ Sibbald (1976) # 3
TME 9z & > # AME «‘J‘F% EEL+# # 3] TME- & % % & R 4_& AME &

TME g plifz » @ * 2 &5 77 a0 € 5 2 & > B RAL Y o 384

s

% ot (Nitrogenretained, NR) > ;23 5 it B4 R* > FlAa 3 &

P

AME & TME - 4p 7 ¥ 848} R E § T4 > Bl K21 AME &
TME- 7]t AME, TME, AMEN & TMEN % 326 3-d i % B> 54 2

BB O BT R fRadkE -
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L K=
SRR

Gross energy, GE

. PP R
\ Excreta energy, EE

2
Matabolizable energy, ME

FuH E
Heat increment, HI

E Re
Net energy, NE ]

AN

Maintenance energy, NEm Productive energy, NEp

Bl 1-4~ 74 o & f1* 7 & B (4, 2008; Pond et al., 2005 )
Figure 1-4. Schematic diagram of energy utilization by poultry
(%, 2008; Pond et al., 2005)
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(2~ FE RHFR B LAF RS TR 2
TREF R D FA LR R FR-HFREF AR ELR
“ﬁ$°ﬁii?%‘¢ﬁﬁwﬁﬁE¢A¢:é\ﬁ L PRSI
HCER R LR Rk

A~ B iz
T i F a4 A iy @ 35 GE~ e 3=v B (Crude protein,

CP # ¥ 7 £ )2 @5 B4 (Ether extract, EE> i % %3 )~ A & (Ash)~
#$e 4k 52 (Crude fiber, CF) ~ # & & & (Neutral detergent fiber, NDF) & &L
Rtz - F e o U 0 AT 2 sk B A0 B A
(Wan et al., 2009) -

i p A2 AMEn G 3 TORARE § oo FlUt G FE S emiwgE o g
;7R E 74 2 AMEn(Meloche et al., 2013 ; Rochell et al., 2011) » %
J%ﬁrbﬁiﬁfﬁu%%ﬁﬁ%i@ﬁ&ﬁwkﬁéﬂﬁﬂﬁﬁg
T oo Aot - KRR & AR T 0 A 4T o ﬁ* Peig i T 74
AMEn > 2@ &% A 7d &5 7 (Rochell etal., 2011) -

BRI A TR S E S RAck FRFEDTHRIEY Fo AT
DR B anEn 3 2 e NaE 2 A B g Ra 1 B
AT R i [RRA R O i S w AU Fna > HARRILERA B
v % R H-# * (van Kempen and Bodin, 1998) -

B~ 4 g A 1 2
FAM PR FAHAREL B0 LM R L

AOAC(1980)z. > = » # 05 g # &2 4 » 150 mL 5 F-v f=i3 %
(0.002% > pH 2) » »+ 45°C -kig R 16 h > £ riifipi® iRl m 2 i i 2
7% % # (Han and Parsons, 1991) » st /2 27 RIpF % AR & 452 AP B |2 o
{ i&- 4 ¢ Valdes and Leeson (1992)sr%#= 3 ¢ - i * = H A A
» B84 7(0509)%» 10mL 5 ¢ fFiaRr (20 mg § Fv fF + 10 mL
0.075NHCI>pH4)*® >3 37°C-kigH AT 4h> &FF* 0.1 NNaOH
BpHEDF D T 4 r 10mLenim & s d ik (409 54 +15 %
@ +2.5 9% #pF (Enterokinase) ) » # B Z - 37°C-kig R 5 6he
Er AT e R BRI AT F LA TR
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$riE g i) AMEN shdp Rt Be® o HARBE 2 E 2 LA o
2 enip ) o Flpt Zhao et al.(2014) 4 * RS i 0k F 0 4 T Maiy
FIHFEEZ AR IEHEERES MR {BRTEI N e B
2 H g o bR SRR RO Rk AP RS A (BT E R
v @Az o

C - f 4 Bk A 4734

FA A G SPEAR R AT A LA - R B e
PR RERZ A RARR NS o2 AV AR I Y ke
BER2ZF2F R AR IA TR AR R Y - BT B
LRSI EER YRR S S E ) S I LT
XA E LYK S BT FRAPR R B R
LR AR S RULN Y N IR E R (RS i L N K Y

Fodt > P4 EBH G fd 3RS RS R R Y ot 3%
SR ORUBRELITEEEFRBERENZ BB F RS T TP

ik

\F‘*\ﬂ
=

A g g Rkl 2o MR 02 2 & = > (Farrell, 1978) - 41 * 3+ 5 1 41 AME
MEHBE RSSO RBIEqEREF2ZF F 035 AMEN-

TR LGB AR H BRI L ) iR D RRS
HFAZE - wPEF R L0 E - R v BRL R R AL
PR RGN F R ZTFEE VR ZRESELS A
oL gkl B sfL o

P RA L NP R R 2 0 F AERWME TR
NHE i B G- BPER L o ERESR - TP 28
B8 2025 g 2 AR RS B 2B b T T o R
WIS #RIF 7 £ &5 &2 4 17 (Sibbald, 1976; Dudley-Cash, 2009 ) -
Rl R (GEf)~i# s sn g (Yef) #hgigs » p
i e £ (Yec)  Yef&r Yec s S B e - 2bk B B - W 4 &5
BEEEE (RizA) TME 2 328 3 2407

(GEf xW) — (Yef —Yec)

TME (kcal/g) = vv

H i» @ Kkcal / g air dry matter
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TME #pliz e FFHE > L FmetFras e e
B B E R oo g oL RS
Ao e EST IR AL I FHRSE

Bl RlG R OR P kR E Qa2 § FERNT R

—
<
m
>

=

| % b ik EplE TME {8 > 7 41% T 258 s 7§ T freg

=

8.22 X ANR 8.22 X FNL
TMEn = TME — ( ) -

w ( w

ANR G g Hip 2 8% 28 7Hd BB a 2 3§ B4c% 4
BRRDFEFLFGHUMP2F 28 FNL 2280 p Ritf 2 8
(Hill and Anderson, 1958; Hong et al., 2002 ) - % # &4 p g 1 & 0
BHFEFOBERY O AEFHMM T VL AERE > X RAIFLA R
* o "T'Iﬁ;fr"f o RMEES PR #«f‘:m”' $eF > 2 TME 2 &
eI R R FEF 2GR A F S F 11822 keallg 7 B (4
2008) - AMEN 5 B wrdek * R4 R A &R Rz v A i B bk o

N

Fo A g2 3R Rk S Y T B R B el E e
'p"—f ] #*
45 B RBAREY TR L TR
D) 7Zwd s
bR il § s B2 GE de 2 £t FE» 5 DE -
DE £ 4c% UE ¥ 5 ME (4 1-5) s S g E e £ k- ¥ &
s PP R Lo € R S AR LT R sloh SRR LR O
AR o Rl A E A ¥ Y i 4Y 8@ 5 ADE ¥ AME
(NRC, 2012) -

»L
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B
Gross energy, GE

i
Faecal energy, FE

ﬂ it A
Digestible energy, DE
PR A
Urine energy, UE

2B A
Matabolizable energy, ME

F
Heat increment, HI

P )
Net energy, NE

mIEFEN 2 A ER
Maintenance energy, NEm Productive energy, NEp

B 1-5~ 7 & & 1% 57 & B (Lewis and Southern, 2001 )

Figure 1-5. Schematic diagram of energy utilization by swine ( Lewis and

Southern, 2001 )
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‘m;ﬁ',uﬂbﬁx;ﬁ“%’\#?’f %P

A~z iTiusdredizic iz

Noblet and Perez (1993) i #* 45Kkg 2. 4 & & 7 114 fd 4L fe =
2. 4 @ i i* it ( Apparent digestible energy, ADE ) £ ( Apparent
metabolizable energy, AME) 2 Bl % (= fEérflfe = 2 3¢5 7 L ep e s
45 & ) BRERAREFTNA I c BREHREFFIR  J LB L e
Faz 733 B ARSE AR (r=-065£-08) &g F-9 F ¢ @I
PhEai iz Ak (r=014,012 2 049) J 7 7 B 2 TR
Bl2o ARG - BEARD RN AT
ADE (kcallkg DM) = 4168 - (9.1 x Ash% ) + (1.9 x CP% ) +
(3.9xEE%) - (3.6 x NDF%) , (R*=0.92)
AME (kcallkg DM) =4194 - (9.2 x Ash% ) + (1.0 x CP%) +
(41xEE%) - (35xNDF %) , (R®=0.92)

SRR TR S A EE B e 3w 229 R (R > 0.90,
B i, CV<2%)» 40 F »cf|* iT A 452 % % 4t 5 ADE & AME -
F{ H 4otk ip] GE 2 piie s 2 (Acid detergent fiber, ADF) B+
+ g3 = 250 9 R® (Pedersen et al., 2007) » 4 41 { # &3¢ 2] ADE

& AME -
DE(kcal/kg DM )= — 12637 —(128.27 x Ash% )+(25.38 x CP% )
—(115.72 x EE% )—(138.02 x ADF% )+( 3.569 x GE, kcal/kg
DM); (R*=0.99)
ME( kcal’kg DM )= —11128 —(124.99 x Ash% )+( 35.76 x CP% )
—(63.40 x EE% ) — (150.92 x ADF% ) + (14.85 x NDF% )
+ (3.023 x GE, kcallkg DM) ; (R*=0.99)
FI* 3T 0 A 45 Bedp e PR AR I T Sk A o R e TR A
#3E ] ME ¢ DE % ¥ 1< ( Noblet and Perez, 1993) -
fe g S G2 3T AT R R Bt S AR R Y AR S L S
Ap2 HgpFr o BB S 7% (o RALE ) % > NDF 2838 © % 5
B NDFZ &7 %2 & Rl % b > 28 3gip B B g ™ "% ) o
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BAE T ATAR I BRI R e R s AT 2
Boo Flt o FIEAIY o RS e Rt TME » £33 8 2 i
Bp ) 2_ 3Bk b erde 2o > AR5 2 iy §osde 2 B rw S (Van Soest et al.,
1991; Carré, 1993 ; NRC, 1994 ) -

B~ 7Rtk
S L2 AME® ADE2 7 5 - Regmietal. (2008)

o SAEREE AT B IIE T A F M R F AR $
%905 G0 pria e (pH2)® 6his s % oL R 5§84 3% (pH6.8)
18h> B fsp| B vk aBpraR (pH6.8) ¢ 24h» »42'¢ > 39°C ¥
e o U P 47 21 B A SRS R B (X) R R

Bt A (y) 2 B R ss A hBl 2 (y=1.25x - 25.22, R*=0.81) » i~
HA T FHEE @R B OB R R F(Y)
2 B 55 5 y=123x- 2533, R*=0.97 » F]p- 7 I * B b i) it 2 >
o R fFe St B o REEE R ADE - Lig- iR gy
A 1 R RO Y E - R RO R TR R B A
vk pe ) 1+ S endi i 2 FE 1238 2 i < 49 (Boisen and Fernhndez, 1995 ) -

c\@wﬁ%;
BPpFR2F A2 22 adpn iz 2Rz 2 A RH

y A AN R BRI EEAE R RGP &
CESC N P f ¥ 172 %4 &% % ADE(Lewis and Southern, 2001 ) »
4o T 73 4250

Feed intake X Feed GE (kcal/kg) — Feces weight x Feces GE(kcal/kg)

ADE kcal —
) kg) Feed intake
AR TR IR RE CRBReR R > F 3T X ZGR

46 2 qchp o F 2T R FERL A AF 2T EE > H

NE,, = 110 kcal x Body weight®7®
TN - N ﬂiﬁ%&&’»fﬁié *Ap T AE VR YR A BT
AR B LY R RGER N E T2 50 R A iR AR

it pdpn AEINA 0 TR 2 g A I 7 F V= %
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o d FoH H R EELF A a5 R i jze A 1965 # v Diggs
etal. (1965) fI* 20 & 15kg ehzk & > » 1% 6 =< ;&% > P 18 fa 4
Bl p R B E b 2 R oo Ak SN - X A AR
25 o A 1%2 F Y4 ACRBIETR AR X 3450 - 45 10
AdB o ARAPRS R (5 BARIETT 6 X Ltk KRS B I 2SS

BEFEFRREZRE  HE S e

ADE(%) = 100 100 (Conc. of maker in feed X Conc. of GE in feces)
(%) = — (100 % Conc. of maker in feces x Conc. of GE in feed

ll,L—g‘

BB E Pl E ADE 2222 > A E T ] ik

e
3

ﬁw%’ﬁﬁﬁﬂo%umﬁAMEwﬁﬁﬂinaﬁi’iéﬁwﬂ
PRER R R ERT RARAAERHARS 0 TRV 2 AME
w24 * ADE i &2 > 58 3 %+ (Noblet and Perez, 1993) > = ;¢
4o

AME/ADE= (98.4 - 0.014xCP% ) /100

O RRLA A RO RPN EX Sy F SR S R i
zof it FE eI Fo R E R A s FaoR o RERERA o

EINE S R T A LRI S R I %‘rﬁ“ RS T
Fiw R E LA i g ok SRR TR R E L AR A H
BTF3F I3 BT REAERY Y 23 L8> 2 > g LA
Ileo-rectal anastomosi (RIA) » # = ;2 4[] 1-6 (Kohler etal., 1992) > 41
LIRSl . R PN B A #-4 3+ (Valve) % »
AT S FEEES R SR - A SR RIEEY
dATfR o LT B ERd IR B L G EER T R A E R

Mol d STE S RGP IR REE S %@%%W%’Fﬁ%?
SRR IER LA LR U S S S S W E S E R

¥ - 2% % Post-valve T-ileum » #-— B T )2 g e 4 > 2x r i % &
oo jﬁa{ﬁﬁ%ﬁﬂ’ﬁ%it% (4o 1-7 > £ 5= 2 S B e 2) o ftk
FHATE IS BN Ed ool R GBI 2 p FhooEE R &
TAEEF DE2Z 3 E o HRELL S jc R i Y A 0 A R TAH
(#3225 %) M2 P2 B8P ¥ - 36 P chmr a7

T
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Je g pE o e ks FE R0 4 VB & i 8] ADE (Kohler et al.,
1992) > d % ) it Fe iRl 12 i i A AL A oo ) it iy (lleal apparent
digestible energy, IADE ) - alr% Frigezoic B AL & w5 ot (lleal
apparent metabolizable energy, IAME ) o I& P & &-v 7 02 &4 Fov 23 0
Apez f it F AT FEERRRD S ETEI LSS PR

B RETE R FALAPE R AR ZFRYE -
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(a)

colon c Z
valve ileum

i 4

%

(b) ligament
(]
Ql ileum

(c)

rectum

valve ileum

~~~ \colon

1 1-6 - lleo-rectal anastomosis 2 = jiwi 42 - (a) #-7 % #'% (b) » B 5% (c)
#aw e gt v % (Kohler et al., 1992; Babinszky and Béarsony, 2013 ) »

Figure. 1-6 Stages in the surgical procedure used to establish an ileo-rectal anastomosis.

(a)Caecum is removed, (b )the colon is cut,( ¢ )ileum, including the ileo-caecal value,

is connected to the rectum. ( Kéhler et al., 1992; Babinszky and Barsony, 2013 )
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simple T-cannula

i

abdominal wall

ileum

colon caecum

Bl 1-7 ~ Post-valve T- ileum 4z & ;= 7+ & B (Babinszky and Barsony, 2013 ) -

Figure. 1-7 Schematic diagram of post-valve T- ileum. Babinszky and Barsony, 2013 )
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5 BEFRTR

G E R T IR A O R B E TR B A R
FA PR AR P e LRABAF B Lo A s B (16% 0 1
oA GRAR#H ) FRGTFLIRE RPEEI BT R ERBST -}ﬁ CHGRET
EaAErR s st & A E ehdt £ g 2 4 (El Boushy and van der Poel, 2000;
Allen and Hamilton, 1994 ) - @ jd *q P2 dpihrs & * 4 5 &) > B 7358 1238
FoRSpE 0TS R A RO R 5% b 0 2015) 0 BN R O R
BEIH LT T ARG A 0 Rl ¥ R kT
ToORERRRESTLRN
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é%ﬁiéﬁﬁﬁ%

S Rl R E T TER e
FABA N ANHEE S P EREET AN E R b (PR
B md WA FLABHE R AT R GRT AT i LD
Pl I - P TR G R E RS - R T AR RE AP
B se 2 o @ FEAE LA BLE ndp iR - o 3 R eoR
R B AR A f AN T R R - FAAR S FRPPA B
B edp e - 0 Tl F e R R A A A R E 40 1 MR
SRR LA AT ERRME R LA R T R 2 Bk
g
R P RE RS LY RREAR CRERELS-LL R IR
FETRRAF S b2 o FAR RO i B R R 0 P10 jRH

R AR O SRR R P 2 R bl b
BER AT A LS R LR R EF AT R LIE R 7
BAS R R E B R AR AR F AR LR € BT B B A
Foa A B AR BahE £ A R e e B ihdei o

B RHE LT 2 T IF SRR R ST e
AR ES ARTREDFIRL - Ry A N R R R
LR Of B 2B 100%B- R Ak et REZ B L o B R
7 & 2 5 2 484 (Abiola and Onunkwor, 2004 ) = %] 4 i
PR EERERAR G TRAEAR R HESTESOY - ik

A Fov AT L BRI v R AL B F ) crekaf o AP0 J,ﬁcﬁ‘u'g
Behds FRHARET R HE4ASES %2%" Bl de ok id 2 BF b
TR 0 RFEA B eng) Tﬁn Ak r 2% rd B i-l-A 4 4 ek
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(Koehler and Bearse, 1975 ) F]pt it * F-o Far L R F 244 54 &
ZAFIThvkzZ e AH E 4 Aehdom b s BrReNT 325 & f

% F fv & (Sensory evaluation) o F it &3F & 357 P F PR S R vRE

BB PR EEOTER S 2 F A A FRGE F BT R 0 blhos iF
BO(RMEF YRR Br o ESEES SEENLF-oK o
?ﬁi%ﬁﬁﬁ’%ﬁiéﬁfﬁﬁﬂ”iﬁ4’N%ﬁ*Lﬁo L E
e R,

- iE (BdcE &~ ] TRy R E )o@ IR HRT
e RSRAITRE Y F A Ao RH AT 5 KR BEY R A
LF AR BRARIEN F L o R F AL 2 KT PR
BT AIx s G B FAD RV RA B ST 4 g R A B M
B RQESR A A T FlE R A R gehgema 4 i AT MR A
B TH6-10 =+ m S5%A T R T 12-20 4 > A i}i'%‘j”‘lﬂ =
<330 BA M o Kz R TA ARG B AE R DI R
BB JE G A B 2 L B B S P R S A F R AR RIHE
# A o SR 2 VR BAF AT 15 24 FRIPFR S 2 R £330 4480 )
ARSI R o LR EESR R T AR 0 R R A R
EAIHRHZEASSTEAPE -
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(%)

WA RT REY FHARPLEG

BRLLSPL R AP EERL Z @ T > P MEARET > 3
EIEY L RE ﬁnf%@%&ﬁfr_ﬁ_(Mahan and Lepine, 1991; NRC, 2012) - F] s+ &>
FLRALE RS T T 0 R A A e L R e R
PRE MR ATIRS ot d N A ER R B0 TR S iR AR R
V- AEBELASBRE CSBRARLFY I RESE TR E K
% 11 % (van Heugten et al., 1994; Owusu-Asiedu et al., 2003 ) & A # I3 2
HETRAEZ AP AR ARJITFEEER G TG FRE ~ 5 [k
BorEnE &M ERTAI F oL 2o
oA TR v BRSO Rk

- AT AT BT R LIED 0 ¢ 4T AP e g B e
i 7 (Risley etal., 1992) &% i 4v b 3 3o e 0385 § HRIE A AT v o

Jq 4
\\Xr

4R FLA 5 4 2 R 4 (Owusu-Asiedu et al., 2003) - @ Hfdi ek ’]\, v
o ’J\f’ LAY RGN R THE- ThEREN A (Zhang et al.,
2016; Owusu-Asiedu et al., 2003 ) > ¥ — = & > B3 FF= ¢ 977 wh+ 4%
A LA ERZ Y Vil A2 s % Ik % (Bosi et al., 2004) -
Al A J"’%fﬁ;ﬁ%)i“ifiléi’“ﬁ'\?ﬁiﬂ?)iﬁia?ﬁﬂm%k
(Varley and Wiseman, 2001) > i&@ i = % 3 W 3 R FRA 2 ET

5

2 =
(RS TRV EES S RS I SR L LT SR TRy
FRERA R ET EHREG 2 LB
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%:%iﬁ?@”’mﬁﬁl%ﬁ,ﬁkﬁﬂ“ﬁ€$%£7—’%
LB VREFERNY 0 LA AL B E R RP] R HER
PERFAAELAERY O HIAL 2 EIPF O HEXFEI0EE A

SHEL L e A G AR R MR ORI B R B AL TR

HHHEAF L L TR FREEE AT - B IR R SR
FER2FESPLF LG F 5 20 ARSI S HIT R 2
FERIE T 5 BHIE L TR AL AL R BRI M-
?}w?ﬁwf ZF AN PEA T A I B 2 2 2 L
FEEaE RPN AT 2 gkt 2 B R ST S E
TR IR PR R LR R AR oA B2 A AL R ER

FEIBTL 0 FAA R ROEZ 4 2 % 22 LT 55 U
2T BT LARY ZAATAH

AR AIE 2 R P IR R R R AR B
BIREE > % b Bl L 2 R R AR T ok
L FRCEEEBRASSBER RIS Z SR o
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R
AT RY 2P BRI FERHRR P AATERE AP SR
Bl F2R=> 2 B FRAFIEBL XTI ~ B R WA
R AT B ERK BRI AR F o
(~)~Fmads s EAE I E BB
RET R TR 2 A5 F AT A (e e TR T e de e TR A )
ST B AL EF VT R o RS R T AR E
VLR A de o driE o T L A ik en B oo
1~ i 4 e
(1) ~ #2 39 & (Crude protein, CP) z £ :
AT RERRR Y T Z 2R ET B F R BRI
Fov BRI A ~ B Y T RBIERTAR A R
v SRR E A REEET R R T iR F
T o RIS 2 AT D4 0.3-05 g & FEeR § 2 (Kjeldahl
method) # +7 (AOAC, 2000, 984.13) - 4t » 5 g 7 & i & 2 20 mL k&
Fefst 450°C 2 TG 4 B 132 (K 90 min) v 4ok E AT F T
2o MRIERF R I EE R FEE -
(2) ~ #e *5%%(Ether Extract, EE) 3 € :
ICEBERY BRI AR P FE T RSERY
Fede rn sif v Soiw B N % 46 5B 1-2 g 12 AOAC (2000, 991.36) 2 -
0 18 % T @2 Soxtec system (HT 1043 Extraction Unit, Tecator,
Danmark ) X P~{s g f=E 38 2 o
(3) ~ #z4~ 5 (Dry matter, DM) z & :
Jcr 2 g2 4= 10 g Rt R 0 &~ 442 (DK-600, Yih-Her,
Taipei, Taiwan)4z° & I th &2 € (53-8 24 7+ 5/ (AOAC, 953.07) -
Bl HEEERRS B R AR SRR B TR
e R i ’%F*?i#/’ °

’*—#5 €&

DM% = ——x 100%
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(4~ s (Ash)z £
B4 ke p] > x 3 AOAC(2000, 923.03) » # 4= 1.0 gtk &5 B 230 B 3
¢ d I HERE > U A& it 9 (Muffie Furnaces DF303, Deng Yng,

New Taipei city, Taiwan) 2 650°C & {7 4 h 4 b o 4 i* = =6 18 B 3050 4

iR AR o RMBEORET ECFEIS  EDFRS AR
i s F Rl E QRS2 ET RSP F o

LittsE® (ZHE)
EEigtr FEE (F3%)

Ash% =

X 100%

Ik

2453

e 0.5-1 g i HR AP AR R AR SRR K RS

PR i N R 4R 50 I A v g (Muffie Furnaces DF303, Deng Yng,

New Taipei city, Taiwan)i& {7 % i* > 650°C ~ 4 h » 4T & 472 % &2 %4 Annio

(1964 ) » 12 o & w7k 3 % (Atomic Absorption Spectroscopy, AANALYST
200, PerkinElmer Instruments LLC., Shelton, Connecticut, USA ) # ip] °

3 #hd

ek

P-05-1 g i F RS BB R AR Rl RS
BT RSN F RS I A& it Yp (Muffie Furnaces DF303, Deng Yng,
New Taipei city, Taiwan) 2 650°C ~4 h & {7 % i* » % F-E8 2w EJ2 %% Quinlan
and DeSesa( 1955 )z_ = ;= » 12 & sk sk B 3+ (Spectrophotometer, Metertek sp-850,
Instruchem, Inc., Philippines) ] %_-

483 E

05197 F2F Mo BTBRAFFERSEETRES P FF RS
I * A i Yp (Muffie Furnaces DF303, Deng Yng, New Taipei city, Taiwan ).z
650°C ~4 hi (74 it » &4 45 BJ2 %% Murthyetal. (1971)# * k3 =
Y k3 % (Atomic Absorption Spectroscopy, AANALYST 200, PerkinElmer
Instruments LLC., Shelton, Connecticut, USA ) #B| o

5~ 1% it % (Peroxide Value, PV)

R R TIRE e g @5 Gk > 2 (G RERE b
2015b) > 2 w2 P 2 o4t ijpa &l = 0-30 milliequivalents of active
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oxygen/kg oil(meg/kg oil) = 3#5%& # Fp4o™ » L= F Vg § O eRACELLA)
(P RF 5§ AL RYZF V@) 5 g SCGERES
B A% 1-30 meg/kg oil > F 3 gt RN TR E D BIRSEE ) @ Ak
fl B 4L A RGN AL F E i F I B R 2 4 o 4 0 BO ML kAR
AAELY o B rde Rk R R o e F e 05 mL @ v e o 0 B
RTBREEE O RIABEET N AL APERL P60 (5 B

A AR o d 8 2 %4~ 100 mL 2 B3 KRS HI R F X5 45 % o

2002 0.01 N Fri mifadp i3 (2 SR 4R kAR FIF B F T #3
Red R IR E I £ Aer 05 mL kA ZIRCGER & 19/100 mL - #-
059k 4r » B 3F4 -k 4r » BOmML A-k P » FAEf4aTv ) B
OO0LNF i mifespe FiF 2> $pad 0 E% d $5md » ¥ 30s: T3
FAEE R AN T

meq = (V—Vp) X Cpjo X F x 1000

)

PV =
(kg- oil m

Juoe

Vg ER AR R L B (mL)

Voi: Zo 2ds? » i e E85 %@ % £ (mL)
Ciibo © A % A ik 40 152873 % )k A (mol/L)
F:0.01N#x S prphsp 3 % 0k & 715

m: #& ST E)

Pkl e i 10 R AR (GASR, 2015) 0 A 4 B
PaZ RERA P PqEgsla 3 A RRT o 8% ~ 2 5 10 meglkg oil 12T
(AR ¥k 5%k, 2015a) -

6 ~ f& i (Acid value, AV)

P EE AR R R SR h o 2 A G P 2 FLR R RIS 2 (A
AR %k, 2015C) st ARG Z BRI T 2 0 AL ER Y dpom AL 4
AE o B ESAEE AP R H5 1092 01mollL & § 43
TRl o F A& FpAoT

FA=10g A& 338 % » 250 mL 4855 ¢ » 4 » 50-100 mL 7 b it

o

Bo R AAER & A AL B R R IR R e r KIS A A
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0.1mollL & 5 “ 49,3 R &7 T B :e P /L 2 ¥ 155y T 7l 2

Lo

21l 5 =2 -\
el R

mg-KOH 561 xcxV
WaviTeon T m

e
C: & F i“avjF 232 Haxik & (mol/L)
Vigg itgmge gt 2 8 (mL)
m: &2 5 E(0)
56.1: % ¥ 492 4~ 3 & (g/mol)

TR S R T S AEEFPFE (AR, 2015) 0 @ A 8 F b Py
ARG b g AEEA 3 PRI &% 4 2 5 0.6mg KOH/g Oil 12~
(GARE 4 % &, 2015a) -

7~ F-0 FREeH it ¢ (Protein digestibility in vitro, PDIV)

Fov FARECHY S 2 4RI %4 p Alonsoetal., (2000) 2 = 2 5+ 0.5
gt & ¢ 4~ 12.5 mL pepsin solution (200 mL 0.1 N HCI + 2 g pepsin, 2000
U/lg)> >+ 41.5°C## 40 min> £ ¥ 4 » 2.5 mL 0.52 M NaHCO3 > 1 /]‘ 4r pH=6
z_-k 3 35 mL>4c » 5mL multi-enzyme solution( 1.6 mg trypsin( 14,600 U/mg )
+ 3.1 mg a-chymotrypsin (48 U/mg) per mL)» # 41.5C## 180 min s - %ﬁ“
d 4~ 5 mL PMSF(10 mM, phenylmethane sulfonyl fluoride) 2 5 mL
EDTA(0.1 mM, ethylenediaminetetraacetic acid) % 1+ ¥ & » S Bimis B2 & h »
MEEE R T EAT o hew TR S (B R ALF TR
Firrm s F 78 x100%) B EF2 o

8~ &9 iRl 2

#-20% Trichloroacetic acid ;3 i &2 m-it S 3 = 2 B 3 F-Fobs LR
5l iRES - & 3y FREAK S 2200 FALEDF 5 4
kP o RE P F Ak F PRSI TR S lE S
Edo Fr2id e

O e g £ A4
Vel Fele s 2o 47 @ 7 fa-k f2(AOAC, 2000, 994.12) ~ #& -k f2 (AOAC,
42
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2000, 988.15)#7 5 - = ;X & ip| 7 Ay it (AOAC, 2000, 985.25) 4 7f i =
90 L% R AL B vk 7k (Gilson 805 manometric module, Villiers le Bel,
France ) & {74 R »

10 ~ e & 47
Hed 2371 BRI F RSB AD BT T 2 A SR R

"
Y

P LR PR AL E A R K R
(1) ~ * % & F(Escherichia coli)
~ % 4% g (cfu/lg) 2 iRl * LB Agar, Lennox (DifcoTM) > 35 %
* % % Lennox (1955)c 32 % 33 & 48 37°C > 24 h o 3k fic o
(2) ~ ¥ = & (Salmonellas spp. )
723 % & * Salmonellas shigella Agar (BBLTM) » # = ;2 A
%< Pollock and Dahlgren (1974) - 32 % **32 % 43 37°C > 24 h - 3 ¥ A%

o
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AFFZRRERY»prL LS
BRSe B giarftes wg g 4 5k

44

Fa R PR L Bl e T ORI T

2=

[N
N )

RAg(F L) Rl
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(Z)~#atgp> 2

Foav Bl R R RIS RS o HRBIK W R % B+ 25 (PARR
1261, Instrument Co., Moline, IL, USA) £ -k #5% # (PARR 1563, Instrument
Co., Moline, IL, USA) :& {7 ¥z ip] (Miller and Payne, 1959) - ¥ ip| 7tk 5@ 7 B
FEFPEFRET - GTRLAQEETREYN TP oo R4 & R
SRCE o AP AR e RRIZ AL L g 2w RS T sk o
BHE O VHEE R VHET R T s BER j{’ﬁf ENBE
B EEE2LRMY BBV B FIBEL 0 dkiTe i
T, FHETRL RALTR2WE YR R A VA BEF

E: s

F2oh o Hr g o e

(AOxC)—e

GE(®/g) = —

¢
GE : % # 52 % k& (callg)
AD PR 4 g £
C:ai+z 2 Fraiy QLavk 2 1C# g 2%% > callC)

m: &2 72

eIWET A S 2 BB (AR P AR T R RET HR)
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(z)~ B FEAFREFLRF;ERG
AT R R 2 B S L BEIE RS i p 0T AL IE
AL EIEN Y PRI EL A TR RY-S L2 N )
G R RABETEER T B R RER S AL LR EE

FRTE - o R EEH A RILE P ST R S
GRRE=EIE 3R o305 ke e 4 N AR R AU R N2 R s
AAHEIT RS o 0 ¥ G PG B LB IEE ARG BN AT B
FRFERF T ENF LR IL i b IR KA R B
HEesdm=x 17k ﬁm$W%ﬁﬁﬂ¢’&x?iﬁ@%4ag%:L

pih
TENE P € G e ey FRE i FF LA %
RILEE S B A BERE Gk E e BEREER Y B P
FEAAM A RERIZ R T R EMW G T F AP - Bk
ey g i & Ad TR BRI I TE R T O R LB
2P LB A IO R AP RH I NG BAILEE R AL EL T R
BRI S ER S H o ¥ 0 WU A RITIEAR T B ETRE E SkR
XEID3 e

AR A UFRERG SRKOGEFIET R ILE > L 3L F A
23 2SR B Al AR R REER SR SR B8

FRHEL G R B 221 5 3L FAZE 2N MEW IR B R LR

Sy

BEY P EERECARERIRA > FI G SRk
ﬁ&ﬁ*kﬁéﬂﬂ*%ﬁﬁ“ﬁ*ﬁQ w3 RPER
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(1) ~ i H R AL E V10
B B Ao 220 Sk S e BT A B
TR EREN B AR R e AR EERE T R
SECFERIN S SR s LY LR TR - I

EN
DHRRERFIEREFEOERAL AL T2 R GERDT

(2) ~ i H R P RIZE V20
A Ao F K G ‘}‘%4“%5@;@@&4{/3 S kg %%M’fﬁ@&
Wt T RIER PN RIF G 2 B I RS A B (B 2-3)
e ED3 ¥ G BRI ﬂ#lﬂl e0F 35 B PERE e T RIE BRI R A
A g e s B AR ER B BEY A PR e
#A42E 1h:BAE 3 60C »4h AL 5] 75C > 424 10h - & &/ 4236 80
Cod EHFEFF AR & 8447C Flt pt 873]» m 2 B L EHR NG fo
(3) ~ it FH AR P eI E v 3.0
g s B iR g A BT AP B EE 0 BRI 24
BAEDG o oRip e RIEg PR RAGE TR - B = B AR
THESENEE RSN >3 B BRI B e 1-1.50m
HiE K vk i 0 B bR R 2-40 pL 2 7 F 23R & 10-20 min
FP TR BERER > P IRART P a3 5 22°C o kIR B AT 4L en
SEE A A JF SR ERUEL B ey g

EH
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B2l 3/ 3L2E = S

Figure 2-1. Vertical mixer (volume of three liters)
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Bl 2-2 ~ P B R b2 B V10

Figure 2-2. Horizontal hatchery waste eggs processor v1.0
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Bl 2-3 ~ f PN m B P L B V2.0

Figure 2-3. Horizontal hatchery waste eggs processor v2.0

Bl 2-4 ~ 5 8w A R F AL E V3.0

Figure 2-4. Horizontal hatchery waste eggs processor v3.0
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) BAFFHZEH
AEHEE THABERDF 2 RIRE AT T AR R W ok
BB UG T AL BINA  F - B L AIEEEREL L E 2 d 3T
JJRiE e E R - o PR HE SRR LA E Ry AL R o ¥
R LV - & Sop P S 5 S A L Y I S 5 U U S
FTREALERYERBE S FTRELEFR TR T A RS
HEE T R Y o B hd A WY T 64 P S )
SHUSRER R T BRI RRIZFF AL PRE L BEHERR O
RETRETHFEIRERT -

1~ mit B 2 kiR
AT SRR SRS R B AR 25
ML 7 B M e R B ) o e L £ FR R
Pk B RRBA ORI 2 BRI DI N I R B
4P AR AR TR R RN R R BB i 2 R
TR A FIN R REL RS UE BRI RS
EEBEPE AHRERE AP B G E R G- ik o Bt
AL OHEMFRAPF LRI AL EFE - S 00 R B
CHEBEAPETF AL PELR AT A BIEERICE B - PR tRE 2
L FBRAP R E AL RN RO ARSI R A KR A
SRR E PR E 600Ky £ B 1800 kg o ¥ - FEECIC B R
ARIEHRY BT BRI o A E 120kg £ 840Kkg s ¥ = PEE
JoB 6Bz & g3 B 120Ky & 720kg F S S R (5 F)
Y F#EMRL 5 Lh R EREH > HELE® 2 (YSG-5L,
Yu-Sheng-Guang Food Machine Co. » 5~ ¢ » 5#)> 353 8 & B4k a7 > 3 »
FERAN R AT o F - IPERAILIE Pk IR L RR
PFRLEEAE ¥ R MRAERE S R RT BRSO F AR P

2% Pp AL E o

2~ YRR 2 T L
FoFR L AR R RE AT RLFECEREAS A L P
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Fha ko ST ST > 950k R EAILIE R E IR &R o F
BRI L 276 0 B > 60Ky 3 4T R EG o
PR R S R A B E T B 840 Ky E (7 A i 1L I
Eo p SRR B PR R A A AR A
.é’%@ﬁ}§4wwiﬂh?ﬁﬂih» C H A FRAeRl anpe g o
PABLE B At B A BHE R T 6 B K T20kg F - D
Flosir A Bt S i+ 835 28 FRJLi R
RPN ERBTONRE S REERT B R
3~ RILIF A iR I F R
R BRDP D FL R R SRR P RSEZL F]F TR R B
B BOR REIRO R R4 B 175 B F5 o Edpendpih i A
B g o % 15kg 2 I AR E » FA L 3L 2B 2R
ES o BT E SRR Y o TSR R o d IR R FHFF LR
I AER S B AR RPERFLS 4Aho k2R L 0% B R A Y
KEEB60~752 90C » W E2dcdh Fedo FTHAN 5 %o
éﬁ,%%’kiiﬁtécirﬂfr;é 0% » %8 & H T w2k Y F0 FAeh i 5
BB2ZER KA FPLABBFEFLI 68 8hHAF2 BB htsiirdn
FEHb G OE R AR REREFER R kLGRS 0210 2 20%
B4 A Sicir T8 ey PR S B ki p T A
BT RV ITLR R R 2Rk KA B 2-6 2t AR
AT-BH B
4~ IR IE L EE Y G
dJLiE R R R e BFA SR T s
7 *

\

:‘:

TS s R E R A ok EHASS TG B &
:‘é’éc)\’»‘l tif’rﬁ o l"a,%} B’xt‘:u‘bb’? ‘:‘J'awvj_!*i?f’lr?ifé:_*—;ﬂ5;\:
B A ;:ﬁ kUi 7

Qi @ikt (£31) FuAgligt diefiz£4f 31 & M@E%RL
DR dR 2 R IR P o F Y 60kg M F AR 0 E A KM

BEo @ B AoKiE 0 BAE S 100 L2 TR £ 4 (DLH-003 » #5% L3 -

B S R EAIE BT B FEd kR REEE B EL
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EER ¥ aiEan+2C -
5~ & FHFE5k
TR AR F S 65°C i 4 23 h & A 335 (Chiu and Wei,
2011) - £ L H 74 > %) 280Kkg » FH L priE et 4C kB
6~ 7 iRk
{33 4 i * Chiuand Wei (2011) z & i v #AJ2 % 2 (65T >
23h#EFF4L), 2@ 64 > 200kg AR FFb 0 SEBR LS4 A F
AT FEFBSAIRBLY iR T 2 =5 12 & (CrOs) § 45
A 0 BT AC TR B
AN I SR =
Fel BA bbbl BEP%AL0 BRETR - BRETR
2009 & % % 5-6 7 WiTT7 PR I 0 ¥ - BEFEL 2009 £ 9-10
THTEE B IR AR REFFRL 2009262100 > 1 &
VAR E 2 BHB GO TR B 2 2000E 6 0 >0 35 4 28.2°C
27 BB 5 365°C » &R 5 20.6°C 5 2009 # 10 * «h* 3238 24.3C » %

W

TEBEL3E5C o RMES 186C ot a BREEFELET R A LS B R
FRhg BAIG - AR Rk AW - SRHER Rt BEumERe
EORAFMABRMRFEATF - FORELZN AR E R T
BRIEFIOERA W IT e AP 5 7 X B 30 % = BiRKEES
oo AuRPIEE PR HRE T BRETHAR P STZ
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Bl 2-5 ~ it AR
Figure 2-5. Hatchery waste eggs
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B 2-6 ~ A3 b

Figure 2-6. Hatchery waste egg meal
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(3)~ R B30 55 A PERY 2 AR TR
BAFMFEPAFTRE TBERE ISR MNE FAF AL TLZE Y
PR AR TR EDF AT R AL IR R B R
(R S ST R A EX R %\#%’“ R S € EE R I R nt
@ Fw R fRE R 2R
T4 G RBHD B R B
FFF BT Ao 2 E NPl 24+ Dudley-Cash (2009)  3#5% % #
14 848 4ni7 (1796+94g) 2. 67 dew ¢ E2b o s k3 28t 5%
BUE o mrEjcRR2E R 2ekEpd kg 14 SR
# G 48hy H AW T HEH 24h 2% 30h A J?&”ZSQ R
Sk oW ET LRl B HALHRE NS 8 ey
S4h sl aiirfre 250 TR i w@dRke 26250 F
R o B F T AR Rk i ¢ K (Lapacksuper C100, Alcare) - & 6 h 4
Fomo @ @ R F e 2 LiidREm 2 kg @i 1% o
#-54h AT kPl 2P SR B pH A5 R o ks > WA
§ v ac e 444 (Ribeiro and Penz, 2001) 0 & 5 % ** - 80C #5715 »
BELFICEE BRI ICE ¢ w R ST R R e (GEF)
e RN (Yef) 2 RGEap R 425 (Yec)- Yef & Yec

’

FERANRE O MERE OWAIHESE o E 2 heT
GEF xW) —Ye
AME (kcal/kg) = « ) D
w
GEF x W) — (Yef — Yec
TME(kcal/kg) = « )W( )

BEAME 2 TME (403217 § L st o2 5 § %0 % 5 i (AMEn)
By Hr L s (TMEn)- ANR 23 8p28% 22 FNL Z#3
BN GRMEF 7€, W 5 32 % £ (Hill and Anderson, 1958; Hong et al., 2002 )-

8.22 x ANR
AMEn(kcal/kg) = AME — (T

8.22 x ANR 8.22 X FNL
TMEn(kcal/kg) = TME — ( W ) —( W

BEE TE ST £ - o
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20 B A BIb L AE AP TR
AMA A I THEERL N 5kiEp AT %0 e b
CUNEEE R AN O (R AN I - 1 RES- N RSN GE 27 a0 S 5
TR I AR I N AL
3~ B R FIR N A RIR ) F RS 2
AzEgier £ 10 8 25802 v ¢ H B kT 2 ene i WME A Y

51731+ 779 % 133574540 £ 4 48h4 %5 s B 4B T &

G4 % 24hE 5 30h A @250 - 2a%d 5 48hE % 54h
w25 9 R RFb o & FREL i ¢ % (Lapacksuper C100,
Alcare) » # 6hjcfh - =t > T { #dv B> 5 X jch 2 L &2 ks
WA 7% o B-BAh Tk Fl2 23REE P Téc HCl 2 pH 4.5 /2 frfs 7k
FIRF O WL F iR AR £ (Ribeiro and Penz, 2001) # & %
W80 CHE T AR ic ke PR ST > RBIEEFZ A R
PR E PO RERFZZE NP E R R LA

g

S7
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C) BRAFIHEEFTREE L AR AARTHE
BARRRITE TR ERRY T CRREFEFH T Y00

S AP R T i R AR e ] R T iR A2
R F R TN RN R LN R E Rk

pgLRT kg B4 E

AT AU RT S BB S AREREY BT BRRE 2
Bl g LYD = st w0 2L 10 kg R iF b Ly o 4 K R
e HET CFER F2 LYD = B8 ¥ W EiE 40 kg priE T obpLE i o R
THEd LR SRR SRR c Rl AT B E G 12 h ¥ 83 LA
£k - @& * Fluothane(Halothane, Zeneca Inc., Alderley Park, Cheshire, UK) i&
FHFMFERED IS o R EARF MR BE Y RED EF G %
KRG FE > FIRILH Y 4 mL FrpE# Citoson(Thiamylal Sodium, KYORIN
Pharmaceutical Co., Ltd., Tokyo, Japan) » 14 4e 5 § Freinc s o Fp G~
BRFFRORG R e ML Rt - HH P2t 2 B9 4 g 3|~

£H8emE PG T o B RBE Y Fl R ) bom izl o T F 2
e dlBEHEN2mE PR B> TAFBAF(MELZ Lom: ¢ E
EHlbem s £ A : 12cme FAR L 10em) > HFA K EE o FiERT RIS
BRI E L ISKkgFEFAAR L2 ) 3Rk LiFEoas ¥
Ml = o
R R BT

\\\Xr

E 4
3

FElER s RP e F AT N B RVt ol N ERT R E R

oS
(w
(=
=)
A
w
14
>\4_
ki
EC)
5
3.
3
K
A
=
L
ﬁf
B
%
=)
=
%
ﬁ_
P
=)

conc. of maker in feed) X (conc. of energy in feces
DE(%) = 100 — <1OO X ( ) x ( & )>

(conc. of maker in feces) X (conc. of energy in feed)
DE(kcal/kg) = GE(kcal/kg) x DE(%)

DE: Digestible energy; GE: Gross energy
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B R Al e

h 1F
3 E o FASB6h B a2 B, LAk 5o/kg Cr0s 2

(»x

Adh T8 2 hTcsHEad BB ERPAHLT Lok bR
doAk &0 3hdz > B IR 2hicEime R F 5 0 2 k4t 2 81524
ho_ﬁl_jg,_p;.- Et —‘khl-'—v]{%a] é’ﬂi&”}‘]?\ 2":#,,‘—5@

N

SR EBFRLRES  BEER
rlIgE 5 17kg ¥ > &rPﬁP1+7ﬁ$@ Ao ol - Lpa BRE
T T e e PELETRECPITEF RS T RARELEZ Z
E
E

DA 2§ 12 & (Cr0g) B R g # R FAR R ORI B

Frdgapgmidpgianw et doteT o

(conc. of maker in feed) X (conc. of nutrient in digesta)
AID(%) = 100 —( 100 x — : ;
(conc. of maker in digesta) X (conc. of nutrient in feed)
AID: Apparent lleal Digestibility

A EFEREFE NG R IMEE IOk PFEFHEE S H 3 28R 2

”
o

.=
hpas)
%
Bl
<}
=R
ke
|
-
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¥

il

(M)~ & 3o
FIRRF R EER T RARRORE LY R RREER
TR RRARRR FER LG HA LA bR 23 Rk A LT

g

7

ol

LR o T L e Rk 2 BRI R HRRIZ TP Yk o

1 @&kt
RE100 &6 F HFBRS L AT FREEBLS T BoHBEL T AR
206 Hapr wo & AR RR FIH 048X 129 £y
FFCRFHD A0 AL E B4 RS ¥ K 2D ER 8 T NRC

s

(1994) 2 23k B (# 2-1) »> 123 d0pr + 41 > 23 X80 PF B 40385k o 3%
L 181 o Rk WAL IS L E 4k E p k@ 16hy d am5:00
3 pm 9:00 - & kesik B A RS PIAFRBAY BF Lo ekt
BT PR sk o g BRI SR SR E T %
BRERaRr AR R R(BF IR FATER LT R B T ET Y 3
)

2~ BRI P
WEHRWPIED AELS S ZBINA R - MAIRBIA TN AR

HOME A RF HF RO 0xF o oA E R 0 ¢ 4R
SRR R R o Btd - 384 BIERE Y R R enE i STk o
(1)~ e
HERT 23 AL FIE 3 kA R E R > KD 41
ET7ZoMEzZplBAI* 25227 10LEBEH > LRl EHmAE S 029
1?4ﬂéﬁﬁﬂ’d*éé iR BET L - EER T e
N AdciE A H$F 3o FaZFELARE IS PIEFEY NI Ik
BE(ELlsmt)o
(2) ~ A FF
d0 A R E N R R 2 g A
MEFFEE PO RRASF LA RS P E 518005 - B
2Bk > 18:00 IS HFRZE SR 2 A R A ket B A E iy
18:00 i 5 — &2 ¥ ik o
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)~ FE
b A MR R R G 0292 T G FRE AT 0 Kk
WY F hE - ik - e o
CYREZIE
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mine 4e = B 5 8-F2cr 2L s k3% 10min> £ %% 8 (25C)
& AT A5 min o Bt R Y o iR A AT L AE R B B A
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Table 2-1 The composition of the experimental diets for laying hen trial

Addition
Fish meal Hatchery waste egg meal
(%)
2 0 4 8 12
Ingredient (g/kg)
Yellow corn, 7.3% 630.00 637.28 667.28 667.28 667.28
Soybean meal, 44% 202.20 23350 202.97 172.25 140.59
Fish meal, 72.3% 20 0.00 0.00 0.00 0.00
Hatchery waste egg meal, 34.9% 0.00 0.00 40 80 120
Soybean oil 32.83 29.20 21.86 14.3 7.15
Dicalcium phosphate 6.17 7.55 6.88 6.20 5.53
Calcium carbonate 78.71 78.84 4397 3911 34.25
lodized salt 3.00 3.00 3.00 3.00 3.00
Vitamin premix* 3.00 3.00 3.00 3.00 3.00
Mineral premix? 2.00 2.00 2.00 2.00 2.00
DL-Methionine 0.69 0.84 0.09 0.00 0.00
Silica sand (SiO,) 20.03 3.40 7.68 11.7 16.15
Choline chloride(50%) 1.05 1.05 1.05 1.05 1.05
Isoleucine 0.32 0.34 0.22 0.11 0.00
Total 1000 1000 1000 1000 1000
Calculated values:
Crude protein(%) 15
AMEnN(kcal/kg) 2900
Calcium(g/kg) 32.5
Available phosphorus(g/kg) 2.5

AMER: Apparent metabolisable energy corrected to nitrogen equilibrium

Vitamin premix supplied the following per kilogram of diet: Vitamin A, 5000 IU; vitamin D,
1000 1U; vitamin E, 20 IU; vitamin K, 1 mg; thiamin, 2.02 mg; riboflavin, 5.40 mg; niacin
27 mg; vitamin Bs, 5.11 mg; vitamin B12, 30mg; folic acid, 0.56 mg; biotin, 8 mg;
ca-pantothenate, 27.3 mg

*Mineral premix provided the following per kilogram of diet: CuSO, + 5H,0, 47.6 mg; MnSO, -
H,0 ,125.6 mg; Na,SeO; « 5H,0, 0.2 mg; ZnSO, * 7H,0, 264 mg.
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Table 2-2. The composition of the experimental diets for weanling pig trial

Diet*
Control SPP HWEM
g/kg
Yellow corn 612.68 629.32 609.82
Soybean meal , 454 g/kg 350.71 314.49 317.96
SPP, 755 g/kg 0 20 0
HWEM, 378 g/kg 0 0 40
Soybean oil 6.57 6.48 9.11
Dicalcium phosphate 12.18 12.24 11.05
Calcium carbonate 9.86 9.46 4.06
lodized salt 3 3 3
Vitamin premix’ 3 3 3
Mineral premix® 2 2 2
Total 1000 1000 1000
Calculated values
Crude protein 209 g/kg
Metabolizable energy 3265 kcal/kg

IDiets control: no animal feedstuff; SPP: spray-dried plasma protein 20 g/kg; HWEM: hatchery
waste eggs meal 40 g/kg

2Vitamin premix supplied the following per kilogram of diet: Vitamin A, 4500 IU; vitamin D,
600 IU; vitamin E, 20 IU; vitamin K, 2 mg; thiamin, 4 mg; riboflavin, 14 mg; niacin 60
mg; vitamin B6, 6 mg; vitamin B12, 70 mg; folic acid, 0.56 mg; biotin, 0.2 mg;
ca-pantothenate, 40 mg

*Mineral premix provided the following per kilogram of diet: CuSO, « 5H,0, 42.1 mg;

MnSQO, + H,0, 6.4 mg; Na,SeO; * 5H,0, 0.3 mg.
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('Statistical analysis system software ) SAS Institute (2009) :i& {7 — 4k 444 fic
VAT UERE XS g e 47 iR (7T 33 2 v e (Montgomery, 2008 ) -
2~ RJZIEE B AR B
FdR E B AR R F B Gy ¢ w4 & %3 (Central
Composite Design, CCD, Box and Wilson, 1951 ) ¥ w4 & 2K 312 & F]3 & 3+
Rl T oY CB o w BEAS ROEE U B Aph (B gt iR
WirZ g o P L S - R % % gl Design Expert 7.0
Trial (State Ease Inc., Minneapolis, MN, USA) & FH Nz & > & id v &
17 o
3~ A AR
AFRAGER A 2EPRT FREFRY N 4T
(‘Statistical analysis system software ) SAS Institute (2009 ) & {7 — $k & M i
9447 o At di (Priori comparisons) 2. B R A F7iE 0 B FI0A Eu| T
521 2 & (Montgomery, 2008 ) °
4~ BT BRI
T2 2 ET R A2EARRY  EFREEFRY Ao HH
( Statistical analysis system software, SAS Institute, 2009 ) it {7 — 4 &M f3%
170 % ANOVA R PIE % 53 F AR (P<0.05) £ nfFdH A amiz
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Figure 3-1. The effect of (a) temperature, (b)
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| addition of water, or (c) temperature was fixed
| . . at 75°C for8h.
4 6 8
Thes () * Values with the same superscript are not
significantly different in PDIV%.
2 Values with the same superscript are not
© DM significantly different in DM%.
—e— PDIV
100 A
T T
90
n s
e
0 1o g'o
Added water (%)
69

doi:10.6342/NTU201602931



28 RS E R B A%
P17 ASE R Eh kTR (T BAITRR) LB % AL E S
FARH (NTHAFLTR) D RES BRFFELRER 4 VT &
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T ERIpHFORFRTER LS 7 ap o TE &L 9 Ty
CF g oy TEE R T2 A s S BREFNE DT ANFHLE
A2 TR AcA 3L ATr o 5T B fRA S B g iR AP X BRI R
2 FE S R gtz & ftist (Building mathematical model ) -
Flpt 1A 3l Bk N EAREHETASS L RILE R DB g
B (Te) & (Ti)» %gvﬂ $x %8 Design Expert 7.0 Trial ( State Ease Inc.,
Minneapolis, MN, USA ) £ = £ = fg ;8 4T
F—0 FRReh ) iv I (Protein digestibility in vitro, PDIV )
PDIV% = —46.53 + 3.28 x Te + 3.61 x Ti + 0.02 x Te x Ti — 0.03 x
Te? — 0.11 x Ti*, R®=0.8838 ... (1)
g4 § (Dry matter, DM )
DM% = —493.88 + 10.17 x Te + 14.67 x Ti — 0.04 x Te x Ti + 0.02 x
Te? — 0.06 x Ti?, R?=0.9843 ... (2)
W 4<% i (Energy)
Energy (kwh)= 197.69 — 4.18 x Te — 2.80 x Ti + 0.10 x Te x Ti —
0.06 x Te? — 0.21x Ti?, R*=0.9909 ... (3)
< %1% & (E. coli)
E. coli(cfu/g) = 1.39E+7 — 3.08E+5 x Te — 1.83E+5 x Ti + 2029.91 x
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A2 3¢ & (Crude protein, CP)
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Table 3-1. Processing variables used in the central composite design, showing the
treatment experimental responses for the percentages of protein digestibility
in vitro (PDIV), dry matter (DM), crude protein (CP), and true protein (TP),
electric energy, and E. coli, and Salmonellas spp. Counts

Runs Coded set levels  Actual levels PDIV DM Electric CP% TP% E.coli ~ Salmonellas
Xy X, X, X,® (%) (%)  energy* (10° cfu/g) spp.

1 1 -1 80 18 7799 78.71 87.0 38.14 38.09 2.1 None
2 1 1 80 30 75.75 98.12 118.5 38.05 37.59 13 None
3 -1414 0 55.86 24 93.71 66.53 67.8 4051 37.41 135.0 None
4 -1 1 60 30 80.29 85.85 77.3 3891 38.04 30.1 None
5 0 0 70 24 88.51 95.26 85.5 38.71 37.62 134 None
6 -1 -1 60 18 90.41 56.26 70.5 41.53 38.50 125.0 None
7 0 1.414 70 3249 79.65 95.12 95.3 40.40 38.33 7.0 None
8 1 1 80 30 73.75 97.23 119.0 3752 37.20 1.3 None
9 -1414 0 55.86 24 90.09 66.87 69.0 40.78 37.33 70.9 None
10 -1 1 60 30 80.27 86.89 76.0 38.48 37.15 39.3 None
11 -1 -1 60 18 89.94 59.04 73.0 38.71 37.27 107.0 None
12 0 -1.414 70 1551 85.86 59.50 70.8 4191 38.85 192.0 None
13 0 0 70 24 88.62 92.26 89.8 37.80 37.48 10.2 None
14 1414 0 84.14 24 7461 95.22 116.8 38.01 3781 1.6 None
15 0 1.414 70 3249 76.33 96.51 96.0 37.42 37.07 1.7 None
16 0 1.414 70 3249 76.28 97.49 94.5 38.10 37.73 1.1 None
17 1414 0 84.14 24 75.85 96.55 115.0 37.94 37.63 4.4 None
18 0 -1.414 70 1551 84.60 66.17 69.8 40.64 37.16 29.3 None
19 1 -1 80 18 86.93 80.15 88.0 38.61 38.18 7.5 None
20 -1414 0 55.86 24 90.59 69.94 71.5 42.12 37.66 156.0 None
21 0 -1.414 70 1551 84.60 60.10 71.8 40.32 38.81 154.3 None
22 1414 0 84.14 24 7466 97.77 112.0 38.16 37.46 0.1 None
23 0 0 70 24 89.40 94.44 88.5 38.71 37.40 2.3 None
24 -1 1 60 30 80.77 84.38 76.5 39.68 38.37 21.6 None
25 1 -1 80 18 77.49 83.68 90.5 37.67 36.28 2.5 None
26 1 1 80 30 76.75 98.62 115.3 38.16 38.04 1.4 None
27 -1 -1 60 18 88.98 60.69 72.3 39.60 37.15 156.6 None

# Temperature (C)

® Time (h)

¢ kwh/60 kg Hatchery waste eggs
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Table 3-2. Analysis of variance for model regression

Response Source of Sum of Degree of Mean F-value P—value
variation squares freedom square
Protein Model 914.91 5 182.98 31.96 <0.0001
digestibility in Residual 120.25 21 5.73
vitro (%) Lack of fit 40.25 3 13.42 3.02 0.0568
Pure error 80.00 18 4.44
Total 1035.16 26
Dry matter (%) Model 5922.05 5 1184.41 263.22 <0.0001
Residual 94.49 21 4.50
Lack of fit 22.13 3 7.38 1.84 0.1769
Pure error 72.36 18 4.02
Total 6016.55 26
Energy (kwh/60 kg Model 7976.64 5 1595.33 456.42 <0.0001
HWES?) Residual 73.40 21 3.50
Lack of fit 23.03 3 7.68 2.74 0.0734
Pure error 50.37 18 2.80
Total 8050.04 26
E. coli (cfu/g) Model 1.86E+12 5 3.71E+11 16.96 <0.0001
Residual 4.60E+11 21 2.19E+10
Lack of fit  7.29E+11 3 2.43E+10 1.13 0.3634
Pureerror  3.87E+11 18 2.15E+10
Total 2.32E+12 26
CP°(%) Model 27.39 5 13.69 13.69 0.0001
Residual 24.00 21 1.00
Lack of fit 10.05 3 1.67 2.16 0.0959
Pure error 13.95 18 0.78
Total 51.38 26
TP(%) Model 0.00 0
Residual 366.53 26 14.10
Lack of fit 92.90 8 11.61 0.76 0.6381
Pure error 273.63 18 15.20
Total 336.53 26

% Hatchery waste eggs
® Crude protein
¢ True protein
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Table 3-3. Approximate analysis of 16 batches of hatchery waste eggs

HWEs HWEs HWEs Mean
S1n=3 S2 n=7 S3, n=6 n=16 &
%

DM 30.6+0.4 31.2+1.2 30.9+1.6 31.0+1.3 4.2
CP 142+ 0.7 15.0+1.2 13.9+1.1 145+1.1 1.7
Ash 59+05 6.2+0.7 5.8+0.7 6.0+£0.7 11.4
Lipid 6.2+1.9 7.0£2.0 6.6+£1.0 6.7£1.6 22.1
Ca 51+04 5.5+0.9 5.0£0.6 5.3+0.7 14.0
P 0.5+ 0.02 0.6+0.01 0.74£0.02 0.6+0.02 2.4

HWEs: Hatchery waste eggs; DM: Dry matter; CP: Crude protein; CV: Coefficient of

variation

%034 163 AP B BRIT A L R

Table 3-4. Approximate analysis of 16 batches of hatchery waste egg meal

HWEM HWEM HWEM Mean
S1, n=3 S2, n=7 S3, n=6 n=16 cv
(%)
DM 885+1.4 88.1+0.7 88.6+1.3 88.3+1.0 1.1
CP 38.3+2.3 382+21 37.8+23 38.0£2.2 5.8
Ash 26.7+0.7 27.8+4.3 279+49 27.8+4.3 15.5
Lipid 215+24 23.6+22 23.2+2.0 23.2+2.1 9.1
Ca 143+2.1 15.0+0.8 14.1+0.5 14.6+0.8 5.2
P 1.5+0.05 1.6 +0.02 1.7 £ 0.02 1.6+0.02 1.4

HWEM: Hatchery waste egg meal; DM: Dry matter; CP: Crude protein; CV:

Coefficient of variation
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Table 3-5 The chemical composition and in vivo digestibility of hatchery waste egg

meal by laying hen and cockerel

Chemical composition®

In vivo digestibility"

Female Male
10 10
(%)
Dry matter 88.8+0.3 85.7+4.6°  745+54"
Crude protein 39.3+0.8 88.6+4.1*  785+33"
Fat 25.6 + 2.2 77.8+37°  60.1+23"
Calcium 14.6 0.5 90.2+ 25  40.3+21°
Phosphorus 1.6 + 0.02 625+1.9° 37.2+39°
Gross energy (kcal/kg) 4257.1 £ 95.0 87.9+35 82120
AMEn (kcal/kg, n=7) - 3378.4+91.1
TMEn (kcal/kg, n=7) - 3632.4 + 95.6

AMERN: Apparent metabolizable energy corrected to nitrogen equilibrium
TMEn: Ture metabolizable energy corrected to nitrogen equilibrium
'Means + standard error, as dry matter.

22 Vialues within a row with different superscripts differ significantly at P < 0.05.
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Table 3-6 The composition and in vivo digestibility of amino acids in hatchery waste

egg meal for female laying hen

Content®  digestibility” Content® digestibility”
% as protein % % as protein %
Essential amino acid Non-essential amino acid

Lysine 51+ 05 95.4+53 Tyrosine 31+ 03 913%65
Methionine 23 £ 03 92.4+42 Alanine 51+ 03 89.2+3.1
Threonine 3.6 £ 0.3 89.3+£23 Proline 49 £ 03 852+37
Leucine 74 + 0.8 85.3+3.2 Glycine 33+03 894+28
Isoleucine 45 £ 04 88.7+£21 Serine 57 £ 0.8 84.2+32
Phenylalanine 31 +05 90.3+3.9 Cysteine 49 + 05 86945
Tryptophan 29 £ 0.1 88.2+20 Glutamine acid 118 + 1.3 83.1+44
Arginine 21 £ 03 91.2+15 Asparagine 81+ 15 812%53
Valine 55+ 05 85.2+3.9
Histidine 1.8 £ 0.3 926+3.1

®Meanszstandard error; as dry matter; n=1 repeat 3 times
®Means+standard error; as dry matter; n=10
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Table 3-7. The chemical composition and ileal apparent digestibility of hatchery waste

egg meal in weanling and growing pig

HWEM® Weanling pig Growing pig
Composition (%) Digestibility (%)

Crude protein 37.8+0.8 36.3" 87.5°
Fat 271+1.8 58.0° 86.8°
Calcium 15.8+ 0.4 55.1° 77.2°
Phosphorus 1.6 +0.02 60.3° 75.3°
Dry matter 88.1+0.2 55.3" 90.5°
Energy - 64.4° 89.1°
Energy
(calkg) 4082.4 £ 115 2629.1 3637.4

"Means + standard error; as dry matter; from seven batch

22 Vialues within a row with different superscripts differ significantly at P < 0.05.

83

doi:10.6342/NTU201602931



3-8 BRI ET 2 RAR A G G F
Table 3-8. The apparent ileal digestibility and content of amino acid in hatchery waste

egg meal in weanling pigs

Content® o -I!ea: Content® o 'I!ea:
digestibility digestibility
% as protein % o/kg %
Essential amino acid Non-essential amino acid

Lysine 53+ 06 275136 Proline 47 £ 0.3 30.8+5.3

Methionine 21 £ 03 244+219 Alanine 53+ 08 284+108

Tryptophan 3.0 03 65.5+9.2 Tyrosine 32+ 06 294+104

Threonine 3.7 £ 05 22.1+52 Asparagine 84 £ 09 231+106

Histidine 19 + 04 248+6.7 Glutamic acid 123 £ 11 247+143

Isoleucine 47 £ 0.7 2861146 Cysteine 51+ 07 58.1+22

Leucine 77 £ 09 344+129 Serine 59+ 06 114x104

Phenylalanine 32+ 03 26.8+16.8 Glycine 35 %03 8.7+6.4
Arginine 55+ 0.7 26.8+11.6
Valine 57 £ 0.7 31.7+10.0

®Meanszstandard error; as dry matter; n=1 repeat 3 times
®Means+standard error; as dry matter; n=6
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Table 3-9. Effect of storage time on peroxide value and acid value of HWEM

HWem'  Hwem! Mean®

S2, n=7 S3, n=6 n=14
POV 1d 77+05  85+04* 8.1+05°
POV 7d 82+0.8  89+0.9° 8.5+0.9%
POV30d 11.8+1.0° 10.1+05° 11.0+0.8"
AV 1d 05+0.05° 0.4+0.08  0.5+0.6"
AV 7d 0.6+0.12 0.6+0.09°  0.6+0.1
AV 30d 0.8+0.10 0.7+0.12°  0.8+0.11Y

HWEM: Hatchery waste egg meal; POV: Peroxide value; AV: Acid value

!Means+standard error

2P POV values within a column with different superscripts differ significantly at P <

0.05.

*Y AV values within a column with different superscripts differ significantly at P < 0.05.

85

doi:10.6342/NTU201602931



E) AFRAFTRLER TR FLER
B RRERT Y AFRE BT AR B EEEA BB E
T3 o A R RHEA G4 AN~ ST R Rk R A B R R
oo @ BT PR AL LR A RIp iR 2 G B A B A SR
2 % o
1 B3 s A MR 2%
ARSI RA B 4 AR s FhE T2 b vk o 5 18 A4
2% A5 0 4R e 04 8 12905 B B2 R Bk AT
(D)~ 2 AP
AFHN 234 BN ER L LS B 360 LiRGe2 PrAMEL
£ (P> 005 AR ddpL 2o bnles X Tnadwk (P
> 0.05)e ¥ - 3 5 kA BRI HE AP EHR e F EF FEN (
3-10) > 7 Aif 4 2% 44 BB R e AR B o B R B
BAFpheuzFontmy aFx 48 (P > 005) 238 4 3-1a
BHREGFHBEDFIHRALES X ERAE2L M % (P > 005)-
(AR e e
Fo %ot 2 3100 4 2% 0 i 4 R Bb AR T2 3
FAE (P> 005) FEF &G AR FFHFLE
L o mlEFEBE (P > 005>’ FRBEARRRER RS ARRSA
P > 005)- & 555:1—«1 fe R R IR AR O R e R
FERIR S 2% 48 (P < 0.05) AR I38 2 4ok & B 40
FERAETAF EFZAMM G (P > 005)- Fﬂt“;‘flﬁu%ﬁg [ SR
e s S TR L e AR HhRB R RS2 T o
(3) ~ Fh A=
LT N TR EAcR 37 AfcE 180 PR AP 5 2% 48 B

’

P Bkt 457 (2.2%) B 3 B4 0048 12% e 4 B 5 6 5 (3.3%)
7 7(3.8%) 4 7>(22%) 5> (2.7%) » BEEF WA F o a BHERAE
2 2% 4k e 1.3 4 0 B BRI 0428 12% e s 5 5 12512~

11134 (1A Z 2R Ehvk 24 55 Brhe® 32 > 34 5 ik

86

doi:10.6342/NTU201602931



A EF ARSI EE S AGEARE) WA ARG e
B AL LG FIG e A A2 g

2~ BT AR R AR RER

AER G G RA G B B A ROR S 2% R Bd ez
A% R B de o v A B s AR R S k2 v e
(1)~ 2 &P
Ty AR Midck 311977 0 = BEREKER quj\,] dv s Pt B
wﬁm‘iéZ%L}}n ,Téce’:si 4%)%q)§»§\+,,,;]‘4cg,ﬁ%;%—§1_\
Top HE e e F N L e BRI EFALE G (P >
0.05) -
(2) ~ R B IR T dp iR g WL Rk
GBI v k2 BRI A 3120 &Y 2 IgM 219G ik & 4
2% I B EFHEFRCHBLE T NEDFFHF e (P <
0.05) @ feai ife £2 % AL IgA kA RI AL 2% J Fod T de i 27 A% A
REFBF L FHFRAREE L F (P < 005) it & 2% It 3o
Fire g 2 AN B R e e L B RIL R RF S e
Ao RS FRCRFIFE RS LG FERS G RERGFR ST
BEAR L W R F AR GA (£ 3-13°P > 005) fe §_ 4% ABd
PR EgmARL g R (P=01) BN 3 RERFHFR D E
(P=0.09) #8F & i g -

87

doi:10.6342/NTU201602931



Body weight (g)

1600

—8— 2 % Fish meal
1550 - —0— 0 % HWEM
—v— 4 % HWEM
—— 12 % HWEM
1450 -
1400 -
1350 -
1300 -
1250 -
1200 1 1 T T 1 1 1
23 26 29 32 35 38 41
Weeks

B 3-6 ~ 23-41 ¥ F-5pRE £ % i W] o

Figure 3-6 The body weight of laying hen during 23 to 41 weeks (n = 20).

HWEM: hatchery waste egg meal.
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@ Proportion of perceived odor
Bl The degree of disgust( 5 point maximum)

annni
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Figure 3-7 The result of sensory analysis of eggs (180 questionnaire).
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Table 3-10 The laying performance and quality of eggs

FM HWEM
% Pooled
2 0 4 8 12 SEM coni con2 cONs

Egg production of layers P —value

Weekly intake(g/hen) 603.5 590.3 572.0 629.7 6733 50.64 0.12 0.44 0.09

Laying rate 62 61 60 62 63 051 065 056 034

(eggs/hen/week)

Feed efficiency

(eggs weight/intake) 055 059 054 056 055 0.05 0.34 0.31 0.55
Egg quality

Egg weight (g) 53.99 56.67 514 5416 54.28 4.35 0.73 0.45 0.56

Yolk weight ratio (%) 28.27 2814 28.78 29.32 28.42 0.01 0.73 0.45 0.84

Shell strength (kg/cm?2) 245 257 279 275 276 0.11 <0.01 <001 0.32

FM: Fish meal

HWEM: Hatchery waste egg meal
CON1: Contrast FM vs. HWEM
CONZ2: Contrast 0% vs. 4, 8 and 12%
CONS3: Contrast 0, 4, 8, 12% Linear
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Table 3-11. The growth performance in weanling pigs.

Pooled
Control  SPP 2% HWEM 4% P value
SEM
N 6 6 6
Initial body weight (kg) 10.1 10.2 10.2 0.2 0.8
Final body weight (kg) 21.4 21.2 21.7 0.8 0.6
Feed intake (kg) 23.1 25.1 24.9 1.3 0.4
Daily weight gain
0.58 0.56 0.57 0.03 0.6
(kg/day)
Feed efficiency 0.49 0.44 0.46 0.4 0.8
HWEM: Hatchery waste egg meal
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doi:10.6342/NTU201602931



%312 T R L B AL A TR 35 kR

Table 3-12. The concentration of immunoglobulin in plasma or intestine in weanling

pigs
Control SPP 2% HWEM 4%  Pooled SEM P value
mg/L

Plasma

IgM 3.38° 5.58" 3.52° 0.37 <0.05

IgG 16.71° 20.72° 17.63° 0.79 <0.05

IgA 4.17° 6.53° 5.74° 0.45 <0.05
Intestine

IgA 2.10° 4.76° 4.41° 0.38 <0.05

® Values followed by the same letter in a row are not significantly different from
each other at P = 0.05.
HWEM: Hatchery waste egg meal; SPP: Spray-dried plasma protein
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Table 3-13. The villus structure of small intestine in weanling pigs

Control SPP 2% HWEM 4% Pooled SEM P value

n 6 6 6
Villus height (um) 468.5 562.3 568.3 95 0.10
Depth of crypt (um) 121.9 138.2 128.9 15 0.45
Villus area (mm?) 53.1 75.9 69.0 18 0.25

Ratio of villus height
to depth of crypt
HWEM: Hatchery waste egg meal; SPP: Spray-dried plasma protein

3.84 4.06 4.40 0.5 0.09
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EIE o SRS VU AT I SRS TR B L Rl et L
Table 4-1. The chemical analyses of hatchery waste eggs (HWE), hatchery waste egg
meal (HWEM), soybean meal (SBM), fish meal (FM), and meat and bone
meal(MBM) and the consumed electric energy, peroxide value (PV,
milliequivalent active oxygen/kg), and microbial analyses of HWEM

a HWEM® HWEM® i i C
HWE _ SBM FM MBM
(predicted) (measured)

(%)

PDIV 90.3+1.2 90.7  89.56+2.1 - - -
DM¢ 30.60.4 87 88.5+1.4  87.8 92.0 96.3
cp¢ 14.2+0.7 39.2 38.3+2.3 43.3 69.9 51.3
Ash 5.9+0.5 - 26.7+0.7 6.5 12.4 30.5
Lipid 6.2+1.9 - 21.5+2.4 1.7 9.7 10.6
ca’ 5.1+0.4 - 14.3+2.1 0.34 2.41 10.2

pd 0.5+0.02 - 1.5+0.5 0.62 2.06 49

Electric

ener

gy - 80.78 82.4+0.9 - - -
(kwh/60 kg
HWEsS)
E. coli
7.56E+7+1.3E+3 1.85E+05 8.2E+4+543 - - -
(cfu/g)
Salmonellas
1345+213 none none - - -
spp. (cfu/g)
PV 8.6+1.2 - 7.7+0.8 5-10° - -

# Means+SE, n=3

® From the optimum condition of 65°C for 23 h

¢ Cited from Sauvant et al. (2004 )

4PDIV: Protein digestibility in vitro; DM: Dry matter; CP: Crude protein; Ca: Calcium;

P: Phosphorus
¢ Cited from Mehlenbacher (1960)
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Table 4-2. The amino acid compositions of hatchery waste egg meal (HWEM),

soyabean meal (SBM), fish meal (FM), and meat and bone meal (MBM)

HWEM?® SBM" FM° MBM"

g/kg
Lysine 20.0+ 2.4 26.6 52.6 25.7
Methionine 9.1£0.8 6.2 19.9 6.5
Isoleucine 178+ 19 19.9 30.1 14.7
Tryptophan 114+15 5.6 7.2 3.1
Thronine 141+1.8 17.0 29.1 17
Phenylalanine 120+ 22 21.7 274 17.3
Proline 179.1 + 20.2 21.6 28.4 41.4
Arginine 20.7+21 320 405 36.1
Alanine 20.2+ 1.6 19.0 43.8 39.3
Tyrosine 121+11 146  21.2 11.2
Valine 215+21 20.8 354 22.5
Aspartic acid 31.9+4.1 49.0 64.2 37.7
Glutamic acid 46.5+ 3.2 77.1 90.0 60.2
Cysteine 194+26 6.5 5.8 55
Serine 22.3+ 3.6 21.8 27.1 20.6
Histidine 7.1+0.7 11.5 16.6 10.1
Glycine 13.2+1.2 18.1 395 66.6
®Means + SE, n=3
b Cited from Sauvant et al. (2004)
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Table 4-3 ~ Different treatment conditions and their corresponding evaluation index

Temp Time DM PDIV EEL CP E. coli.

(C) (h) (%) (%) (%) Cfu/g
Condition 1 65 23 87 90.7 80.8 39.2  1.9x10°
Condition 2 90 18 88 74 1122 378 6x10°
Condition 3 12.7 205 87.7 87.7 85.3 39.2 0
Condition4  60.9 30 87 82.6 76.8 394  1.8x10°
Condition 5 75 20 87 85.8 87.4 39.0 0

Temp: Temperature; DM: Dry matter; PDIV: Protein digestibility in vitro; CP: Crude

protein

Condition 1: Highest PDIV, DM=87%, Lower EE, Lower E. coli.

Condition 2: Temperature=90°C
Condition 3: No E. coli.

Condition 4: Lowest EE

Condition 5: Shortest time

'EE: Electric energy (kwh/60 kg HWESs)
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& R 3 12+ 75 4% 7 (Avian pathogenic Escherichia coli, APEC) & % 2 otk
V-2 R ERARREREEFF O W R P R AL
pd ko g#EF % #EF (Dugan, 1968) & @ *% M4 A& F-if &2 mit 5
(Freeman and Crapo, 1982 )< iz & i s@5k ¢ * 2 Bx 3 - 23 1t 35
7.7 ( milliequivalents/ kg feed ) » $& - 4 & * 3 2 w35  § % 15
(milliequivalents/ kg feed ) ™ > ¥ & R F15 » o 725 & 37 77 3T
A4 AL > FREE S X BRadag v (Campos et al.,, 2010 ) 5 FF 8P it R A
B s i B RTA S B VRS o
BB AFRZAE KRR FF UG R R A FEFT A0 e R
LA q‘»,l cE B 2% 0 B3R A 4 4 %rk (Koehler and Bearse, 1975) ©
BARRP LRIy FhREZSR S PR HF ST RE
RSk R R 0 180 PR R Y XRIF A B KE R VG AR R
oA g M0 5% @ 2 iE DU Rl HARPIREARR T BRELT BFL
AR o Bl A B R Bl 12034 Y o B A M RR T f e 2@
o
Boag 2z o fIF Rl BB Y SRR AT 2 Y
£ A0 G LRD B T LR SR R RSN K E S
PR LA BB PR TR RAL S0 T S A B
I AFARRES f e 2P AT é#iﬁéﬁgi@}i%??&
vho P PE o BR R LA - YRS ERR R VESE R -

109

doi:10.6342/NTU201602931



A4~ B Bk s 2

P BT AT

) = ) =
*E~*E

ERIIR R o A A T L T

Table 4-4 Apparent metabolizable energy corrected to nitrogen equilibrium and the

composition of hatchery waste egg meal, soybean, soybean meal, fish meal,

meat and bone meal and canola meal

HWEM!  Soybean® S(():y;) ;er 4r20ezlz Fgg :212%22 b':)/lrf:tn?:fﬂz Canola meal
kcal/kg DM
AMER® 3378 3822 2603 3822 2818 2197
% as feed
Dry matter 88.8+0.3 88.8 87.9 92.1 95.8 90.1
% as DM
Crude Protein 39.3+0.8 39.6 51.8 75.4 54.9 39.0
Ash 23.8+0.8 5.8 7.1 13.6 30.5 7.8
Lipid 256+22 21.3 2.0 11 11.4 4.2
Ca 148+0.5 0.32 0.39 2.65 10.1 0.74
P 1.6 £0.02 0.61 0.69 2.23 4.9 1.16
% as protein
Lysine 5.08 6.2 6.1 7.5 5.0 5.6
Methionine 2.29 1.4 1.4 2.8 1.3 2.0
EAAI 1 0.9 0.9 0.91 1.18 0.94

AMEnN=Apparent metabolizable energy corrected to nitrogen equilibrium

HWEM: Hatchery waste egg meal
EAAI: Essential amino acid index aa = the amount of an amino acid in the protein source in
percent of crude protein, AA = the content of the target protein source for an amino acid in
percent of crude protein, and n = the total number of amino acids used in the calculation.

_ nf[aas
EAAI = JAA1

AA, AA,

'Means + SE, n=7, from the optimum condition of 65°C for 23 h, AMEn from cockerel.
’Cited from INRAet al. (2015)

3 From cockerel

*HWEM compared with Soybean, Soybean meal, Fish meal, Meat and bond meal and Canola

meal.
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A5 B FFH 2 E B Ak B BB E R BT
4
Table 4-5. Digestibility energy and composition of hatchery waste egg meal, soybean,

soybean meal, fish meal, meat and bone meal and canola meal.

DE? Cp? EE® Lys® Met> EAAI
Unit kcal/kg DM o/kg dry matter o/kg as crude protein
HWEM?® 3630.5+ 119°  378+8 271+18 52.2 23.7 1
Egg meal”,
- 509.7 342.6 69.5 31.8 0.76
Whole, Spary Deied
Fish meal”® 3964.8 632.8 97.1 72.0 27.3 0.83
Blood meal® 4370.9 886.5 14.5 97.0 13.3 0.80
Spray-dried porcine
b 4538.1 778.4 20.0 88.6 10.1 0.81
plasma
Meat and bone
b 3296.1 500.5 92.1 51.7 13.8 1.19
meal
Feather meal” 33916  809.0  59.7 24.7 7.3 1.16

% DE: Digestible energy (growing pig); CP: Crude protein; EE: Ether extract; Lys:
Lysine; Met: Methionine; HWEM: Hatchery waste egg meal; MeanstSE, n=7,

from the optimum condition of 65°C for 23 h.
® Cited from NRC (2012)
“is IADE: lleal apparent digestible energy (growing pig)

HWEM compare with Egg meal, Fish meal, Blood meal, Spray-dried porcine plasma,
Meat and bond meal and Feather meal.

EAAI: Essential amino acid index

aa = the amount of an amino acid in the protein source in percent of crude

protein, AA = the amount of the target protein source for an amino acid in

percent of crude protein, and n = the total number of amino acids used in

the calculation.
EAAI=[(aai/AAL) X (aax/AAL) % (.../...) x (aa/AAL)]1/n
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F 4-6 ~ B R Ik R S AL E R R
Table. 4-6 Add HWEM economic assessment in laying hens feed

Price 0% 12% Different Cost the amount

NTD/kg! HWEM HWEM  ofaddition of difference
Yellow corn 6.8 637.3 667.3 +30.0 +202.5
Soybean meal 16.3 233.5 140.59 -92.9 -1514.4
HWEM 8.2 0 120 +120 +984
Soybean oil 24.4 29.2 7.2 -22.1 -536.8
Dicalcium

12 7.6 55 -2.0 -24
phosphate
Calcium

2 78.8 345 -44.3 -88.6
carbonate
DL-Metionine 100 0.8 0 -0.8 -80
Total -1057.3

! Council of Agriculture. 2015

116

doi:10.6342/NTU201602931
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Table. 4-7 Add HWEM economic assessment in weanling pig feed

Cost the
Price 0% 4% Different of amount
NTD/kg'  HWEM HWEM addition of
difference
Yellow corn 6.8 612.7 609.8 -2.9 -19.7
Soybean meal 16.3 350.7 318.0 -32.7 -533.0
HWEM 8.2 0 40 +40.0 +329
Soybean oil 24.4 6.57 9.11 +2.5 +61
Dicalcium
Shosphate 12 12.2 11.1 -1.1 -13.2
Calcium
carboriate 2 9.7 4.1 -5.6 -11.2
Total -187.1
! Council of Agriculture. 2015
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