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- Zrs FAHE(MSG-CMS; 97, 1209 /kg)), 941,200 /kg), w ™ o] (550¢ /kg)
o 2AE A8 2 HF AAE 459 AEEAN AA

1) 742 A8E PR "R FEAHEA FFE Foto] BE AR 4
AABEA =

O 25 AAE d8s $AALRY AAE Aol wk=A] Abge Aol7] wjZol] 9w
7b Avbs geulE B duxe] AR FE A S

O F%, 4=, A Z 7Iee e FF9 FEske] AT (FradE) 24,
Fe=d 24, vAE fFlEE B VE AEs S4EN S

gt AT AR €89 AL e FqFF 24 24
1) As 28y

7h HIBRIA 4

O Vitamin A #4%H-& De Ritter®?} Purcell(1981)¢} David 5(2016)2] *H-& o] &3}
of EAeAH

O #AA-gIutgZet e 55 Al5E 100mg sodium L-ascorbate(>989%,sigma-aldrich,
USA), 5mL 50% KOH(in D.W.)¢} 40mL ethyl alcohol(HPLCH)S % ©] homogenized
3k o] % reflux¥oll A 75°Coll A 303t 71Eg w9 olF 82 7|0 40mL diethyl
ether(sigma-aldrich, USA)¢} 100mL S#F55 718 olF WEd o|F =55 HER
3] wh)

O o 3}*|(Watman, No. 2, USA) el F3A I EFH(NaSO,)= Wil o33k o5 &
E Ao FEgtaded ¥, old 2z 7|9 IEEE 10mL diethyl ether® A
o] FIdEEEgsId Ya JAE F5F(evaporator, 45°C). FEELS 5mL
chloroform &9} o.=2 Q1 o] % &4 o] g

O F=E2 chloroform®Z 02mL : 02mLZ 412 %, 2mL sbCl;(20% sbCl; + 2%
acetic acid mixture in chloroform)& <33le] 620nmolA FFEE S5t 4%

olwj ZFEZE vitamin A(Vtitamin A acetate, sigamaldrich, USA) 0, 5, 10, 15, 20,
40 IU/mLE FE=9 43 BAo=E Az & AFdS ALE o5 44 o] &

s -
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O Vitamin D 4] Keflie 5(2018)7} LoZnjak$} Jette ]akobsen(2018)9] Wl o] 3
A% vl Dell= Dy, D37t Ul provitamin D& TEAS FHUXEHED AE
de) dEzarHER EAT ueiA 2 AP E AEA /‘]EO] 7] wjioll vitamin
D2(Ergocalciferol) & 413131+
O ZAFatgZeas0e] AF 5¢37 20mL DMSO, 80mL ethyl ethanolS #7}3F 3
reflux?oll A 75°C/1A17F F 3kl . 1§ 3,000 rpmollA U4lE2] §, PTFE 0.45um
filter(Millipore C, Bedford, MA)Z ZE g v} HPLCZ #4413
O A3ol| o] 8% A2 Resersed-phase colum(u-Bondapack C18 30x0.39cm), AZE71+
UV 325nm©| 1 &1, o] &7 Acetonitrile : MeOH : H,O = 88 : 10 : 20|31, &<
0.5mL/ <.
th HIERIE &4
O Vitamin E ¥4 Chung 5(2017)2] el ol #4319, 10mL 24 ZFIZHE
o 2g A&, 8mL aceton(>99%, HPLC grade, sigma-aldrich, USA) 1mL 50ug/mL «a
-tocopherol acetate(W -3 #%), 5ul BHA(Img/mL)S 22 ©]%F, 31 voltexdt.
O ©]F 3,000rpmel Al 10#7F AT v, FFqNs FA% &3 ¥, A 4mL
obAl =S 9ol voltexdt ol % dAlfEglste] dsinte AR+,
O #7138 FEFE2 methanolE ©|&3te] & F37F 20mL7t ¥4 3t PTFE 0.45pm
filterMillipore C, Bedford, MA)® ZH3te] #4 &S A3 ZF=49 «a
< E=HE 20ug/mL BHT
7} 3% methanol(HPLC grade, sigma-aldrich, USA)ell %1 o], ZFHS e
om, YH-EZQl atocopherol acetate®™= HTELAT T 2o
159t AEL ARRHZAA -20°Ce] HstHA BAF 7 AE2 HPLC,
SRARC

supelcosil  column(C18, 150nmx4.6nm)S  ©|-&3F o™, o]542  acetonitrile

-tocopherol, B-tocopherol, §-tocopherol(sigam-aldrich, USA)<=-

O
td
-
>

methanol = 1 mgn% &S 1mL/E, #HE7]E= JASCO  FP-920
fluorescence(Jasco, Japan)= A= 295nm, W& 330nmS AF8-SHSl &

2h) HIEIK &4

O Vitamin K Emily 5(2017) %S W& slo] AL&8+9S

O ZAFIrteEet~a] 1g A5 100mL 0.2% sodium hydrogen sulfite®] 2]
homogenized ¥t ©]%, reflux¥ol|l Al 75°Col|A] 3021t 7FEd. w4 ©]% 3,000rpmel A
20%-7F A EE F, AS oS PTFE 0.45um filter(Millipore C, Bedford, MA)Z Z ¥ &}
of &4 MES AFe 5.

O o]l EFEZQ! Vitamin Ki(sigam-aldrich, USA)< 558 = methanol(HPLC grade,
sigma-aldrich, USA)ell ¢ & EFFS WHEo] ARESIlS. BE A8 A& AHE
A7VA] - 20°Col| B ystH A #AstSl

O o




2} =2 HPLC, column<> u-Bondapack Ciz 3.9mmx*300mmx10um)S ©]-8-3}3 o H,
0] 5742 CH;CN : methanol = 1 : 10|21, %<2 1mL/min, 7% 7]=UV detecor

260nm= AF8-313 <.

O AAE FarBo i &R EN(ADEK)7E HEHA 23S

%
10ug/mLe] HESH FE=ES AXs0S. 2 At 2~=(8mm, Lot No
|

.0, 10, 20, 40, 60uL™ &

d

D0811606, Toyo Roshi Kaisha, Ltd. Japan)©l
loading$ 71223} .
O Fd2ES A vAE vlg - Aol A8E dFs A0 xE HHe v
G dTd mASALAYAN st AMEEIlE. Staphylococcus  aureus
subsp. aureus KCTC 1929), Streptococcus pneumoniad KCTC 5412), Escherichia coliKCTC
1682), Salmonella typhimurium(ATCC14028), Bacillus cereusf ATCC1178IFO), Listeria
monocytogenes ATCC  19114), Klebsiella pneumoniae  subsp.  pneumoniag KCTC — 2208),
Aspergmug niger(KCTC 6971), Candida albricansKCTC 7678)& w55 ol Agd
o83, T WIYgS FH|E trypticase soy agar(Difuco, USA)?|dl streakinggt
o] & 37°C°ﬂ A] 24A1%F v Y (Model No. 137925, Barnstead/Thermolyne, USA)3s}to 2-4
7l¢] colonyE trypticase soy broth(Difuco, USA)l A 37°C 2443t 2t At wjj s}
log phaseoll =93}31S wf FawjA]= 107 CFU/mL(colony forming units/mL)= 3]

Aate] AMESESlS. FHIE T trypticase soy Agar®l] 100uL? loadingdle] w3

=
O &84 WH7hes "aa s ol &8ss, Be 292 33 wE dAjsiglon,

TE HE HYE AXHade o] EEE trypticase soy Agar WO = F o
T 37°Coll A 24A13F mj skl Zh vl AHAee] AGS S48 e. AFAE
o] FHd F o] 8.0mM (B4 8l2); 8.1~84mMi ‘(1] g &4); 85~9.0mM
o (e B4); 9.0~94mME H+ (0= AR ) 95~99mML ' (LES] &
Ad); 10.0~104mM “++++ (73 ZA); 105~10.9mM “+++++/(FA e EA); 11.0~
11.9mM “H++++ (W] 73 ), 12.0mM o] 4 (V- B e EA])
o & {AEtY F+rgS vlastl. T e Avag S 98] HIhXE )




G AM Aol A2ellA oF 1023 WAIFE o] % A5+
W) &S Al AREE AR FESAS FE A AR FAC g7 FE A
lEes stz gulE B3 AN FeolA F&

O Total phenols &% ZAF @ F3|= TF2 Peschel 5 (Singleton and Rossi, 1965)9]
Wil oJste] FANS. =, AR £H(1,000ppm) 0.1mLel FTHST 7.9mLe}

Folin-Ciocalteu’s phenol A]¢k(Fluka, Seelze, Germany) 05mLE 7}t S, 28% 20%
EAUES & 1.5mLE 7hete] EFsldlaL, 2413F § 765nmell A 3 =5 SHEA
o s }FS gallic acid(Sigma St. Louism Mo, USA)E E%%‘Qi
200-1000ug/L == HFHS ZAAde $ gallic acid equivalents(mg GAE acid/g
A R)E L1r15]r‘41 N+
O Flavonoid &% A} : Perfetti(Bae9} Lee, 1990) WS 3} HPLCE 2|3}
A5 . oldl o] 53> methanol : acetic acid(1000 : 5, v/v), TF : acetic
acid(1000 : 5, v/v)E AF&-3F31 %
o}y AkstEd &4 FAF

O free radical &2 FA}F @ A&} Brand-Williams 5(1995)2] WS W5t
1,1-diphenyl-2-picrylhydrazyl(DPPH)oll gt H2taof g3tz Al5e] dd9s S43)
Fe 5 dAFEY A E FFo] DPPH §94& 718l 1023F & 293 bg 420

R
N
(e)
HE J
o~
05

AN 5 5Bimeld EFEE AL, AL ARATe
e T T
O Hydroxyl radical &~ XA} : Halliwell 5(1987)¢] WHel we} Al@de] 1mM
FeSO /EDTA €9 0.2mL, 10mM 2-deoxyribose 0.2mL, /\] 0.2mL, 0.IM phosphate
buffer(pH 7.4) 1.2mL ¥ 10mM H,O 02mLE &2 718k thg 37°Col| A 1A13F v
A7 §- 28% TCAES] 1mLE 7}etal 95°C 87 olA 1083 7HE e v SwAal
T 532nmell A FEF =S A
- A159] hydroxyl &}tz 245 ths Aol wat ALtegls.

- Hydroxyl radical scavenging activity(%) = [1-{(A-O)(B-O)}]<100

- O: Absorbance of no treatment at 532nm.

- A: Absorbance of sample treatment at 532nm.

- B: Absorbance of control treatment at 532nm.
O Superoxide anion radical 4271 ZA} : Superoxide anion 44 &2 PMS/NADH
system ©]83}% AJA ¥ superoxide anion ¥S NBTEHUHOZ 517nmolA Z4%

(Liu et al, 1997). w1 7} Al2 50uL9} 125 uM NADHS} 63 uM® NBTE




PBS(pH 8.4) 150uLel A =43k 8uM®] PMS 100uL< #7}ste] superoxide A/d-&

L 3k% . superoxide anion 2AEAS 717 A E superoxide®] FHEE ARE 7}
oA 2 dlxTrel Hlaste] AEAE(%) = YEINE. dxTers skl
2] % Q)= ascorbic acidE AF8-3F3 <.

O ABTS+ radical assays &%
Siddhuraju(2006) " Oﬂ olal|A SA3sI . ABST 7.4mM} potassium persulphate
2.6mM= SHF Qb FAol WA she] ABST-+& FAAIZ F o] &NE 735nmollA &
HE ol 1571 =% & F33447(e=1.6x104 mol-lem-1)E ©]-8-3+4] methanol 2 8]
Aets. 849 ABST-+& 9 1mLell F&9 50uLs 7tete] F3d:=9] WsE 4&s

]
308 o =439S, Ascorbic acidE o83l % S A3 & Az o kst

skAksld HryE o F O SAkslEe =3 e

= o O 1o

o}}lr

==

= (AEAC, ascorbic acid equivalent antioxidant capacity)< 743}l
O FRAPE4 =4 : Benzie & Stranin(1996)9] H-E §-8&3t%] FRAP assays &3l 7]
=439S, o] ferric ion®| ferrous®2] A3t AL E35to] A
Aol e Ao acetate buffer(pH 3.6, 300mM)
10mM TPTZ(2,4,6-tripyridyl-s-triazine) : 20mM FeCly:6H,O& 10 : 1 : 1¢] B &= ¥
i, o] EFEY 15mLE Algel Vb F FE= E9she]l 4WzF 37°ColA
incubation ¥ 590nmel Al FFE=E F433 .
O ot A3kst A (nitrite 3l 574) : AAA A S = nitric oxide radical(NO-)E A
=42l sodium nitroprusside(SNP)E AR&3to] &9 NO- AL S 54
A& 0.5mLe 10mM sodium nitroprusside(SNP) 2mL¢} pH 74 0.01M
phosphate bufferg 7}3sle] 25°C9] incubatordll A 150+ ®WHg&F & HbE-= 5 0.5mL
& F3to] 1mL9 sulfanilic acid(0.03% in 20% glacial acetic acid)¢} &%3gF % 53-7F
WA A 5. 1 U 0.1% Napthylethylenediamine dihydrochlorideE 1mL #7}ahal

oM 303 BEeAIZ] ¥ 540nmell A 35 S48l Nitric oxide radical 227

Al Q.
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- Nitric oxide radical 2AZ&A (%) = 1-(HNZ=F FE] x 100
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O Table 1-12 7p7hedt, ZRAbn} Sfe], E=vp W3], Jhapnl =40, e, w5u)
D@, wWe], MSG-CMSell tigh at &S ek 214l

O  Staphylococcus aureus KCTC 1929), Streptococcus pneumoniad KCTC 5412), Escherichia
coliKCTC 1682), Salmonella typhimurium(ATCC14028), Bacillus cereus( ATCC1178IFO),

Listeria monocytogenes ATCC 19114), Klebsiella pneumoniae subsp.  pneumoniad KCTC

m&?L >{E
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W ghAbub e, habel FAu,
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Table 1-1. #A1 Al &9 a3 ZAF A3}

Load Microorganism”
Samples
con. STA STR ECO SAL BAC LIS KLE CAN ASP
60  + - - - - - - - -
Cacao 40 - - - - - - - - -
20 - - - - - - - - -
60 - - - - - - - - -
Cassava
; 40 - - - - - - _ - -
roo 20 ] ) ) ) ) ] ] ] ]
60 444+ 4+ - - - - - - -
Grape
40 ++ +4++ - - - - _ _ _
pomace 20 ] i ] ] ] ) ] ] ]
++ - - - - - - - -
Peanut oil 60
i 40 + - - - - - - - -
mea 20 - _ ] ] ] ] ] ) )
60 - - - - - - - - -
Casasava
40 - - - - - - - - -
pomace 50 ) ] ) ) ] ] ] ] ]
60 - ++ - - - - - - -
Ruby 40 - + - - - - - - -
20 - - - - - - - - -
Wet 60 ++ + - - - - - - -
brewer’s 40 - - - - - _ _ _ _
grain 20 - - - - - - - - -
60 + ++ - - - - - - -
Mealworms
b duct 40 - + - - - - - - -
yproduc 20 ] ] ) ) ) ) ] ) ]
60 - - - - - - - - -
Clodhopper 40 - - - - - - - - -
20 - - - - - - - - -
60 - - - - - - - - -
MSG-CMS 40 - - - - - - - - -
20 - - - - - - - - -

1) STA, Staphylococcus aureus KCTC 1929); STR, Streptococcus pneumoniad KCTC 5412); ECO, Escherichia
coliKCTC 1682); SAL, Salmonella typhimurium(ATCC14028); BAC, PBacillus cereus ATCC1178IFO); LIS,
Listeria monocytogenes ATCC 19114); KLE, Klebsiella pneumoniae subsp. pneumoniag KCTC 2208); ASP,
Aspergillus nigel KCTC 6971) and CAN, Candida albricans KCTC 7678).

2) Zone diameter : 8.0mM, '-; 81~84mM, '+; 85~9.0mM, '+; 9.0~94mM, '++; 95~9.9mM, '+++; 10.0~104mM,
“++++; 10.5~109mM,, "+++++; 11.0~11.9mM,, "++++++ and 12.0mM = "+++++++.
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Figure 1-1. +2Al 5 20mg/mL &X9l X Staphylococcus aureus KCTC 1929) 2
Streptococcus pneumoniad KCTC 5412)9] &4 A3}
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O Table 123 7p7henh, shrbul o], Lwvh, §Fs), shabul S0, R, B
Mg, e, MSG-CMSel W FEFES U A FEeEd 49

MSG-CMS7F 7 A vebston, to = JhAbaE e = YEk(P<0.01).




Table 1-2. XA 59 FE555 3 A 23

Samples Extraction yield(%)
Cacao 5.80 + 0.00™
Cassava root 8.01 + 0.08
Grape pomace 6.26 + 0.09"¢
Peanut oil meal 7.84 + 0.03™
Casasava pomace 4.63 + 0.33
Ruby 7.87 + 0.34"
Wet brewer’s grain 435 + 0.11¢
Mealworms byproduct 5.27 + 0.34>
Clodhopper 420 + 0.33¢
MSG-CMS 16.96 + 4.33°
SEM 2.24
P 0.01

*f Means+S.D. were significantly different within the same column(P<0.01).

o AEEd 24}

O Total phenols T A}

:

Al
Hojete]l FH-A% st AAR <lal, Akt 53 5o Ay 7e

s
O -
- Table 1-3& 7h7hot, Fhabul o], Twvh, g3, shabul Fu, @

/4

248, wel, MSG-CMsell tidk & ZeldlEdEs vEkd A & Edds £

>
=~

2l 4.48ug catechin/g extract®= WEFS(P<0.01). E2]o =S 258 >
T2 > 7R B FRAbHR ] o2 LHEREE(P<0.01).

O Flavonoid &% A}

- Aol Aks &

lom, of o] oA AE=i How VEA

Aoz dHA i, o3 Faet 28-S A3t~ E ) A (oxidative stress

Kl

i

A s Al F flavonoid A A o] Atsh, LA AlA 2 AN AEd A
IS FoEA ks AStAY XA E37F Al HaiE Al 9lS.

-
M
I

T,

AlA de] Ex¥o] e 2xtAMEE e vtz et 7x9)
+ 54% A polyphenols 3 3=
& 9] hydroxyl7] e} ©huiz o] A

7HAAL Sl

=
Au)
=
32
o

=2
o EYE BNF At thed g5 %, Luvle] BE AR Fo MY 5 @

&4 (prooxidants) ¥ 4t3} Al &4 = (antioxidants)©] &= ©|F
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=
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=
o
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- Table 1-4= 7}7F2.vh

)

ZhAbuE B
1k, geo], MSG-CMSel| o gt

[e)
=21

o
F&

uercetin/g

Q

T E=iAy)
7 —‘-——J—-]‘:‘_} l:‘1(;)]—0“’,']/

=

% flavonoi

extractZ YEFS(P<0.01). ¥ flavonoid &
, 7Hkenl, Ik 20 7 UpERRES(P<0.01).

, d =
TS A% BFEELS querceting  ©] -85+ & (Figure 1-3). ©

rr

Table 1-3. &4A[59] F&L s o= =4 23}
Samples Concgntration
(ug Catechin /g extract)

Cacao 2.19%0.09%
Cassava root 1.95+0.39*
Grape pomace 4.48+0.24°
Peanut oil meal 2.41+0.12°
Casasava pomace 1.41+0.07*
Ruby 2.36+0.03"
Wet brewer’s grain 1.88+0.09¢
Mealworms byproduct 1.49+0.05°
Clodhopper 1.75+0.10%
MSG-CMS 1.43+0.20"

SEM 0.10

P 0.01

*f Means+S.D. were significantly different within the same column(P<0.01).
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Figure 1-2. & =83
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Table 1-4. A A|R 9] ZefR o= oF5f AL A}
Samples Concer‘ltration
(ug Querectin/g extract)
Cacao 0.54+0.03
Cassava root 0.52+0.02¢
Grape pomace 0.61+0.05*
Peanut oil meal 0.53+0.01¢
Casasava pomace 0.54+0.04
Ruby 0.62+0.02°°
Wet brewer’s grain 0.66+0.05
Mealworms byproduct 0.56=0.06"
Clodhopper 0.58+0.05>¢
MSG-CMS 0.60+0.05"*
SEM 0.02
P 0.01

*d Means+S.D. were significantly different within the same column(P<0.01).

0.5000 -
0.4500 -
0.4000 -
£ 0.3500 -
£ 0.3000 -
; 0.2500 -
'§_ 0.2000 -
O 0.1500
0.1000 -
0.0500 -
0.0000 . . . . . |
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Concentration of quercetin {(ug/mL)

Figure 1-3. T =5d %2 A%S 9% catechin AZFA

th @iksteEd g4 A4
O Free radical &~75 ZA}

AR fFEl7] AElE EASE 1,1-Diphenyl-2-picrylhydrazyl(DPPH)«= =
phenolic %9} aromatic amine 3}3t&EolA] Bol AH&5 &= WHS DPPH alcohol &
e 517nmoll A FFE=E SAT 5 don, AoA 1A A wg HEE 7y
)29, AT A ZHE A hydrogen radicalS o} phenolxy radicalS A4
stAl B o 2A DPPHO| 5ol4 ¢l 55 band”} AFebA|Al ¥. DPPHS] HepA2 QHA &)

1 E£2ke] &l vldste] b ow Wel HEw o] g S HrE
:

ste] olol aHAHE UL 24 ¥ 5 AU

A
o2




- Figure 1-4 7}7}Q.4},

H

TR e, £, G, JA 2 A,

A9, wllo], MSG-CMSOl gt free radical &~AEd S LER 2 3
Al 100 ug/mLe] FEo| e A¥E Table 1-5 2 Figure 1-6°] YE A

- 2AAYE s =49 BHAYE el 24430 A EE HuEdle. F
d FEolAd BHA: 73.81%° @& yehliod, tif-Zeo] S4A 8 e w2 &
e UEh S AW, =R 76.03% = v e @4 vEhier, tee
2 FE9F MSG-CMS7F Z+7; 21.05% 2 18.14% = FUld o= -3 A3E ER
A& (P<0.01).

(%] laa e i (=8 -] (=]
5 = = = =2 =2 =
L=} L= (=] (=1 (== [ =] [==3

Free redical scavenging activity (o)
- ; ;
=

=
=

e BELA
e (3030
= Caszava ot
e > rape pomacs
i Bzanit oil meal
s (3535373 pOMaECE
=Ruby
e Wt brew ar's grain
== healworms byproduc
== Clodhopper
MEG-CAE

50 10.0 0.0

Concentration {ug/mL)

23

Figure 1-4. 5%

Table 1-5. XA &

100ug/mL &4 2] DPPH free radical &~71%

B

B A 5.9 DPPH free radical 27 % =4 24

%% 2%

Samples

Radical scavenging activity(%)

BHA
Cacao
Cassava_root
Grape_pomace
Peanut_oil_meal
Casasava_pomace
Ruby
Wet_brewer’s_grain
Mealworms_byproduct
Clodhopper
MSG-CMS

SEM

P

73.81+0.23°
0.00+0.00¢
5.64+1.451
76.03+0.14°
17.15+2.73%
0.00+0.00¢
21.05+7.69°
11.77+4.70°
0.00+0.00¢
17.76+5.62"
18.14+2.78°
1.98
0.01

*d Means+S.D. were significantly different within the same column(P<0.01).
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Figure 1-6. &A1A 5 100ug/mL &%= 4 9] free radical &7 4] 2 3H(P<0.01)

(4 are 51gn1f1cantly different among the samples).

O Hydroxyl radical 4&~7°5 ZA}
- QIZEE B R VA AEAE ARARE ol&e BAAQ diAb A A
0,), hydroxyl radical(-OH), alkoxyl
radical(RO-), alkoxyl peroxyl radicalROO-)¥} #& &4 A4 F(reactive oxygen
species, ROS)°] A== A H.
- °]5 ROSx At gt Z(free radical) ol A 7}
ZH(unpaired electron)E ZEil Q17| wiiEel wi-g- E<H4 S}
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(a-d

are significantly different among the samples)




Table 1-6. =2 A & 50ug/mL -5 %=X hydroxyl radical 2~71s &4 A3}

Samples Hydroxyl radical scavenging activity(%)
BHA 79.13+1.79°
Cacao 27.36+17.05°
Cassava root 49.91+1.23
Grape pomace 8.73+9.06'
Peanut oil meal 51.98+3.46°
Casasava pomace 66.14+1.10°
Ruby 39.25+4.73¢
Wet brewer’s grain 40.67+2.88
Mealworms byproduct 48.73+0.77°
Clodhopper 39.52+4.661
MSG-CMS 41.26+4.54
SEM 3.26
P 0.01

a-d Means+S.D. were significantly different within the same column(P<0.01).
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(a-d

are significantly different among the samples).

Table 1-7. FA A5 100ug/mL & %4 9] superoxide anion radical &7 4] 4%

Samples %
BHA 56.40+1.21°
Cacao 2.62+7.85
Cassava root 46.50+2.45"
Grape pomace 32.68+3.20°
Peanut oil meal 40.40+2.14°
Casasava pomace 16.03+1.20°
Ruby 1.46+1.38
Wet brewer’s grain 0.00+2.33
Mealworms byproduct 9.16+0.20¢
Clodhopper 1.18+6.08"
MSG-CMS 10.26+6.13¢

=4 Means+S.D. were significantly different within the same column(P<0.01).
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4/\]

5 50ug/mL

are significantly different among the samples(P<0.01)).

o4 ABTS radical A~7% 24 A3}

Table 1-8. A A1& 50ug/mL & %=ol A 2] ABTS radical &7 +4 A3
Samples ABTS activity
BHA 92.90+0.42°
Cacao 54.98+6.90°
Cassava root 45.15+3.04%
Grape pomace 51.76+3.97°¢
Peanut oil meal 42.03+2.64°
Casasava pomace 47.29+1.11%
Ruby 49.94+4.41
Wet brewer’s grain 50.91+2.76™
Mealworms byproduct 46.40+2.02%
Clodhopper 49.09+2.54
MSG-CMS 75.21+4.38°
SEM 2.04
P 0.01
=4 Means+S.D. were significantly different within the same column(P<0.01).
O FRAP(ferric reducing antioxidant power)& ©|&3% F4itste =4
- FRAPH & AAbeo] s8& S8 A5 dqtst 245 HASsh7] s @ol AMg-sh=
W T sk B2 pHel A ghdAlel o8l 371 o] 27F A= fdHE deE vz
2 oacks ol Welal F37E IS dakst 24 o] maS ovd
- Figure 1-132 7}7+eul, 7hARe) Be), ywu8h @3 y), Jpapep g8, i, waa)
ek, wo], MSG-CMSell tlg FRAP(ferric reducing antioxidant power) 4724
< YEd dxgl. o] A3} A& Img/mLe] FXolAe] A3S Table 1-9 H

Figure 1-14°] YJERIA S
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Figure 1-14. £A1A]E 1mg/mL &% 4 9] FRAP radical &~71% 4 27}

(* are significantly different among the samples(P<0.01))

Table 1-9. +A A5 1mg/mL &%Xl4 2] FRAP radical 2275 &4 A%}

Samples FRAP(%)
Cacao 0.19+0.01°
Cassava root 0.14+0.00°
Grape pomace 0.38+0.03°
Peanut oil meal 0.20+0.01°
Casasava pomace 0.13+0.00°
Ruby 0.23+0.01°
Wet brewer’s grain 0.17+0.00¢
Mealworms byproduct 0.13+0.00°
Clodhopper 0.15+0.00%
MSG-CMS 0.14+0.01¢

*d Means+S.D. were significantly different within the same column(P<0.01).




O Nitric oxide radical 27 A
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A3 AFdE vizhAleh 28k, “ﬂ‘?ﬂj‘ﬂ%oﬂ STAQd 9Es ska e, mE
/3t chonodrocyte®} synoviocyte & Ao % WAL Q5. Letel HFHE
2472 A nitrites EAS 71X 3L 931, nitrate®= A, A LA FAZLo] o
nitrite® 7] wEeol] dAHFE ol HAHAT A5, AFHO amineRFob WHE-sHe]
oS AQl  nitrosamineS  AJAdSkal, Fe Hd Fo]  hemoglobin®]  AFshE o
methemoglobine /334 methemoglobins & 2% T55 ¥do7|= Aoz 44
A
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Table 1-10. #A1 A& 100 ug/mL X4 9] nitric oxide radical &7 %5

S|
ax

4

k]

Samples

Nitric oxide radical inhibition(%)

BHA
Cacao
Cassava root
Grape pomace
Peanut oil meal
Casasava pomace
Ruby
Wet brewer’s grain
Mealworms byproduct
Clodhopper
MSG-CMS

SEM

P

73.05+1.22°
51.16+5.01°
56.28+2.42°
49.64+3.23>4
52.02+1.20"
48.90+2.70>
41.48+5.71°
48.07+2.49°%
48.86+1.05"
44.29+8 24%
52.9342 .35
2.24
0.01

a-d MeanstS.D. were significantly different within the same column(P<0.01).
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Table 1-11. AR E Yg o] AW E 9 olu Ak HA
73 Arpige Ashedt wEeh spgupEgu ST
(MSG-CMS)

A 3 (%)
T 8.27 10.08 9.69 7.19 17.27
Z AW 0.55 5.52 4.09 1.64 0.3
A 13.25 16.72 36.1 16.68 -
Z3) 7 5.02 6.94 5.68 12.7 3.13
ey 0.8 0.41 0.4 0.55 0.04
2l 0.04 0.21 0.16 0.15 0.19
R 242 11.56 8.77 12.83 43.6

Zohm) 2k k(%) 2.06 7.28 6.85 7.95 9.47
ASP 0.18 0.74 0.71 0.89 0.47
THR 0.11 0.37 0.31 0.55 0.14
SER 0.12 0.42 0.38 0.57 0.14
GLU 0.31 1.05 1.22 1.09 3.53
GLY 0.09 0.38 0.45 0.46 0.17
ALA 0.12 0.42 0.37 0.58 0.65
VAL 0.12 0.44 0.34 0.47 0.19
ILE 0.08 0.28 0.26 0.38 0.09
LEU 0.16 0.54 0.52 0.6 0.19
TYR 0.1 0.33 0.2 0.32 0.12
PHE 0.15 0.37 0.37 0.41 0.47
LYS 0.08 0.47 0.3 0.38 247
HIS 0.03 0.16 0.17 0.15 0.06
ARG 0.06 0.33 0.44 0.32 0.12
PRO 0.3 0.72 0.57 0.53 0.49
MET 0.02 0.11 0.11 0.13 0.07
CYS 0.03 0.15 0.13 0.12 0.1




Table 1-12. A5 59 UNHE R opwieqt 4
T 2 A2Fa degaEe 2SS4
Proximately analysis(%)
Moisture 9.26 88.34 85.94 87.56
Crude fat 6.34 0.33 0.43 0.38
Crude fiber 2.16 23.47 22.03 24.24
Crude ash 8.31 0.53 0.53 0.59
Ca 0.71 0.09 0.1 0.08
P 0.57 0.04 0.04 0.03
Crude protein 73.97 1.49 1.74 1.54
Total amino acid(%) 56.95 14 13.91 13.87
ASP 4.76 1.84 1.84 1.84
THR 2.47 0.79 0.79 0.79
SER 3.76 0.6 0.6 0.6
GLU 7.9 1.74 1.75 1.74
GLY 5.62 0.57 0.56 0.56
ALA 3.89 0.78 0.79 0.78
VAL 2.6 0.72 0.71 0.71
ILE 1.63 0.61 0.61 0.59
LEU 4.7 1.3 1.29 1.29
TYR 2.03 0.55 0.53 0.53
PHE 2.48 0.93 0.91 0.9
LYS 419 0.69 0.68 0.68
HIS 1.16 0.38 0.37 0.37
ARG 42 1.25 1.15 1.2
PRO 3.38 0.71 0.75 0.72
MET 0.99 0.28 0.3 0.3
CYS 1.19 0.26 0.28 0.27
U A8 o84 TS A% THY
1) 7hgH
O gl ofEstar = HA AL LGDPP)S AT =l = B4 2 <k
ETAe AT 7hEy A
O dgwwe] 7taWis F3 SDBM % FDBM AlF b, 5o 434 7iA
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2) A
O Table 1-13

[e)

T 1l = faus = o =
(SDPP)e] lubgi 9 v R P B3 A,
Table 1-13. Z & 2(SDBM, FDBM)Z} &7 &Z(SDPP)AI# <] LWkAd & vl
Ingredients SDBM FDBM SDPP CV(%) SEM
Moisture(%) 6.69" 491° 5.66° 5.40 0.17
Crude protein(%) 91.18" 96.88° 84.92° 1.43 0.74
Crude fat(%) 0.65° 0.27° 0.16° 16.84 0.04
Crude fiber(%) 0.58° 0.08° 0.37° 24.75 0.05
Crude ash(%) 4.36° 1.69° 0.23° 2.65 0.03
Ca(%) 0.15 0.15 0.16 10.18 0.01
P(%) 0.26° 0.12¢ 0.92° 8.01 0.02
Na(ppm) 9081.94° 2703.39° 19357.02° 0.31 18.83
Mg(ppm) 312.77¢ 203.91° 239.36" 1.17 1.69
Fe(ppm) 2246.13° 2302.23° 62.42° 2.70 24.00
*¢ Means within a row with different superscript differ(P<0.05).
O Table 1-14% 7F#3] A8 #HSDBM), 4% A8 EZ(FDBM) 2 AP A+
(SDPP)9] oluw=At F4d RS Hla A% FA. B4 A3, serine, proline,
methionine®| A= A& IF §9] 4 <1 Aol 7} YERUA] 289k threonine, glutamic acid,

[e)

T

isoleucine, tyrosine, cysteine<> SDBM <%} FDBM7} SDPPE.UT} oA o &2 v eSO
1}(P<0.05), SDBM<®} FDBM7} aspartic
phenylalanine, histidine, lycine®] SDPPRE.T} 2] 402 =74 LEFRES(P<0.05). sF=] %
5 wwde] A3e FDBM/L Ao A trhtort ARg o4l Holiz 1}
EhbA

acid, glycine, alanine, valine, leucine,

(o1 Xo) SN
5 A o -




Table 1-14. & 223} YL W(SDPP)AEQ] ofv] it FAAGE #4145

Ingredients SDBM FDBM SDPP CV(%) SEM
Aspartic acid 9.13% 10.45° 8.11° 7.69 0.41
Threonine 2.24¢ 3.21° 4.60° 5.02 0.10
Serin 2.80° 4.22° 4.27° 8.80 0.19
Glutamic acid 8.43° 8.70° 11.92° 9.67 0.54
Proline 3.84 3.93 4.22 9.89 0.23
Glycine 3.90° 4.09° 3.13° 8.71 0.19
Alanine 7.20° 7.29° 4.38° 3.74 0.14
Valine 8.10° 7.10° 5.23¢ 3.27 0.13
Isoleucine 0.99° 0.99° 2.95° 7.67 0.07
Leucine 10.90° 11.33° 6.91° 10.80 0.61
Tyrosine 1.73¢ 217° 3.43° 6.80 0.10
Phenylalanine 5.60% 5.93? 4.41° 9.87 0.30
Histidine 6.70° 6.72° 3.50° 6.79 0.22
Lysine 7.90 8.28° 7.12° 2.96 0.13
Arginine 2.99° 3.97° 4.01° 8.49 0.18
Cystine 1.67° 1.71° 5.23° 10.42 0.17
Methionine 0.61 0.64 0.65 12.35 0.05

Total 84.76 90.72 84.07 6.50 3.25

@€ Means within a row with different superscript differ(P<0.05).

Z(SDBM), 941dx AIEIHEDBM) % =H# T
Ak A, FAMAYN E coli spp, Salmonella spp,
Listeria spp, Staphylococcus spp, Bacillus spp 3 Yeast?} Moldv E AlZolA 5442
= e

O Table 1-152 7}¢E3] ddE
(SDPP)e] A mAES &

Table 1-15. 13 2(SDBM, FDBM) ¥} &% (SDPP) Ao WA 4147
Items SDBM FDBM SDPP
Total bacteria Negative Negative Negative
E. coli spp Negative Negative Negative
Salmonella spp. Negative Negative Negative
Listeria spp. Negative Negative Negative
Staphylococcus spp. Negative Negative Negative
Bacillus spp. Negative Negative Negative
Yeast and Mold Negative Negative Negative




O Table 1-16v= 7Fi3] AE2(SDBM), ¥31x HIFLL(FDBM) % HADHEE
(SDPP)®] mielef~g A3k Z1g). &4 d ¥ PRRS(HAA A7 2575 %), PCV2(H
A Fufel el ), JEV(L 2 Gufole] ), EMCV(HA @ ulel ), SIV(E A Q1 Z <l
Apufol 2] ), AD(L A7) W), PPV, (3 A 5} B ulo] 2] ), PCMV (& A 4Fo] Eml 2 & u}o] 2]
2), HEV(EY ztdvtolef 2~ W), CSFV(s A E ¥ ulo]e]2), Porcine delta-coronavirus(=l
A e 2 ubabo] 2] ), PED(S A+ 34 2 AH), TGE(SH A A8 918 9)e =E Aol
M e E ek

Table 1-16. T H(SDBM, FDBM)¥ &7 & Z(SDPP)AIF 2] Hlole] 2~ 414 7}

Items SDBM FDBM SDPP
PRRS Negative Negative Negative
PCV2 Negative Negative Negative
JEV Negative Negative Negative
EMCV Negative Negative Negative
SIV Negative Negative Negative
AD Negative Negative Negative
PPV Negative Negative Negative
PCMV Negative Negative Negative
HEV Negative Negative Negative
CSFV Negative Negative Negative
Porcine delta-coronavirus Negative Negative Negative
PED Negative Negative Negative
TGE Negative Negative Negative

ak

HE

O Table 1-17& 7}¢is) A9 RUSDBM), 9% AIELHEFEDBM) 2 sHA A
(SDPP)2] o] A, Al o] Mz 2 pHE SA% A3E e L.

O Table 1-18& 7}15=8& A g1z HAd BWFEDBM) 2 HA Y RL
(SDPP)¢] AAlAstaS A% 29l 4423 FDBM % SDPP7F 27} 93.46% 3
90.15% %2 SDBM9] 83.35%Htl FoZ oz A JERTHP<0.05). °o]4el Ay RE

A

Ame] BAnsgo] 80% oo uS $4F vl TR WAHAS




Table 1-17. ¥ L (SDBM, FDBM)# L2 SDPP)AIES] 2 2 A el A9
AzZelal Bl pH 573

Ttems SDBM FDBM SDPP CV(%)  SEM
Color of powder
CIE L 42.07° 41.84° 75.72° 1.77 0.54
CIE a 4.06° 2.24° 3.94° 5.93 0.12
CIE b 2.56° 0.48° 12.38° 7.49 0.22
chroma 4.79 2.29° 12.99° 6.19 0.24
hue angle 32.20° 11.93¢ 72.40° 7.54 1.69
Color of liquid
CIE L 29.2° 27.1° 51.5° 19.93 413
CIE a 3.5° 1.5° 0.1° 45.52 0.45
CIE b 1.6 0.3° 6.8° 99.45 1.68
chroma 3.9 1.5 6.9 72.03 1.70
hue angle 24.7° 13.2° 93.4° 12.81 3.23
pH 6.36° 7.73° 7.18° 0.12 0.01

“¢ Means within a row with different superscript differ(P<0.05).

Table 1-18. A€ Z(SDBM, FDBM)¥ &7 &2 (SDPP)AIFo Al ashs 443

Items SDBM FDBM SDPP CV(%) SEM
Pepsin digestibility =~ 83.35° 93.46° 90.15° 15.32 0.78

*¢ Means within a row with different superscript differ(’<0.05).

o dAdE Y o] 84 T AT 7EUHS dAdEY A4, A HleE A7

[e

O FU2k L LESDPP)} ol HEEL(SDBM, FDBM)Z tiA 7Hs & A4 A7
= AT

O AddseE : A AR Wl A4 YL 55 dotir] g8l ol A= (LxYxD, 25+2

=
AdH) 33075 FAGIF o, ZF Az A81e 1505F, AE2E 905, 232 90F
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O Table 1-19. °]%17] At SDPP thA| di-2&o] #p=o] 54l vA=
Dietary treatments’
Ingredients
SDPP SDPP+SDBM SDBM SDPP+FDBM  FDBM
SDPP 4.00 2.00 0.00 2.00 0.00
SDBM 0.00 2.00 4.00 0.00 0.00
FDBM 0.00 0.00 0.00 2.00 4.00

JEICERE

) SDPP, 100% SDPP; SDPP+SDBM, 50% SDPP and 50% SDBM; SDPP+FDBM, 50% SDPP and 50% FDBM;

FDBM, 100% FDBM.

O Table 1-20. ©]

FF7) AL o R TR R AHES 4

Dietary treatments”

Ingredients
FM  FM+SDBM 0.5% FM+SDBM 1%
Fishmeal 4.00 2.00 0.44
SDBM 0.00 0.50 1.00

o5t U A

D FM, Fish meal; FM+SDBM 0.5%; 50% FM and 50% SDBM; FM+SDBM 1%, 11% FM and 89% SDBM.

O Table 1-21. o]f57] dEELe] 7} ol W A=) 45400 A= A A3)
Dietary treatments"
Ingredients
CON 0.1%FDBM  0.1%SDBM
SDBM 0.00 0.00 0.10
FDBM 0.00 0.10 0.00
olal fm Alek : : :
Y CON, Control diet; FDBM, add 0.1% FDBM to CON; SDBM, add 0.1% SDBM to CON.
2) A3
7h A1 o] F77] AtE SDPP A FEwe] A=) AAEAC A= IF
O Table 1229} o] FA A, A7|Aks 7|3 & 2714, HA$AT, d95AF H A
SRAZ B9 AT foAH Aol E EhA ke FAH ol vheh
A gtov, dEFAFe] F5 SDPP7L ddiHew Eokon, ALRAFHES FDBMO]
iAoz A vehde. o) ge] Avke AR Pue o] §3to] SDPP tAF AEA

— 48




= 7oA SDPPeF ol Ql AEAEAC dFS VAA wol dE o] ddde

24 AHg 7FE ZloE vehge

Table 1-22. 2319 A7IALE Fo47I3F T A= A5 &4 23

Dietary treatments”
Items CV(%) SEM
SDPP SDPP+SDBM  SDBM  SDPP+FDBM  FDBM

Body wt(kg)

Initial 6.93 6.90 6.88 6.72 6.99 10.10 0.28
Final 11.46 11.37 10.60 11.03 11.13 15.65 0.17
ADG(g) 323 319 266 308 295 30.04 37.07
ADFI(g) 322 323 310 309 332 1041  20.74
Gain/feed 1.00 0.99 0.86 0.99 0.89 30.05 0.11

Y SDPP, 100% SDPP; SDPP+SDBM, 50% SDPP and 50% SDBM; SDPP+FDBM, 50% SDPP and 50% FDBM;
FDBM, 100% FDBM.

O Table 1-237} o] #1437 A G708 F3714 WA=, Lactobacillus spp, Clostridium
spp, E. coli®] T2l Apol= WEIA fskw. BE AgTolM F27148 MAdeES
8.18-8.71 CFU/g, Lactobacillus spp~—= 5.16-5.71 CFU/g, C(ostridium spp~= 3.36-3.92
CFU/g ¥ E coli= 6.20-6.89 CFU/g o2 UEIRS

Table 1-23. A 1 ¢ A7IAFR Fo7IF Fof A= &o] nd&shs 54 4 24

Dietary treatments” CcV
Items o SEM

SDPP SDPP+SDBM SDBM SDPP+FDBM FDBM (%)
Total anaerobic bacteria ~ 8.18 8.30 8.52 8.71 8.40 6.04 028
Lactobacillus spp. 5.16 5.39 5.71 5.41 5.70 939 027
Clostridium spp. 3.36 3.63 3.71 3.95 392 1387 0.26
E. coli 6.89 6.60 6.29 6.60 6.20 776 0.29

Y SDPP, 100% SDPP; SDPP+SDBM, 50% SDPP and 50% SDBM; SDPP+FDBM, 50% SDPP and 50% FDBM;
FDBM, 100% FDBM.

O Table 1-247 o] & A3 A7 BE AFT9 BUNTA7}F 3.30-6.505 T 2=
Fo2 Yegg. 43859 4 9-<l SDPP+FDBMA 2] +7F 7 =8 X5 e
OU% SDPP7} 7Hd we Ad G5 UehldS. oelgh die dHEE
2 A2 HEAAE wito] VA vt ez ddEw, AR Ao
HEAE wie] Ade Aol Aoz kg,
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Table 1-24. A7|A} 85 A]7]9] Ap=o] HMEA BA Az}

Dietary treatments” cvV
Items SEM
SDPP  SDPP+SDBM SDBM SDPP+FDBM FDBM (%)
BUN(mg/dL) 6.50 3.30 6.33 4.83 450 3879 0.82
RBC 5.21° 5.99° 5.90" 7.20° 614> 946 024
WBC 20.27° 21.07° 31.03° 2416 2247° 2460 240
Hct 30.93° 35.10° 32.58™ 39.22° 3468° 695 097
Hb 9.23¢ 10.76" 10.43° 11.58" 10.52° 591  0.25
Platelet 397.17° 691.60° 465.67° 529.50° 460.67° 2496 51.22
IgA 467.75 537.95 436.12 427.25 45198 4054 76.40
IeG 7915.86 9693.73  9469.79 610143  7543.66 29.39 970.82
IgM 846.07 1096.17 857.14 747.07 852.02 3835 136.55

TNF- o /TNFSF2  117.29®®  109.44 93.20° 97.29° 134.62*° 20.19 9.10
Neutrophil 38.87" 31.52° 49.20° 36.12" 4283 1442 235
Lymphocyte 54.27° 57.56° 44.82° 57.87° 51.03° 14.08 3.05

Monocyte 3.62 3.36 1.98 5.47 343 9867 144
Eosinophil 3.05% 1.77° 3.62° 2.23% 283" 2688 0.29
Basophil 0.35 0.44 0.38 0.48 048 4084 0.07

U SDPP, 100% SDPP; SDPP+SDBM, 50% SDPP and 50% SDBM; SDPP+FDBM, 50% SDPP and 50% FDBM;
FDBM, 100% FDBM.
*¢ Means within a row with different superscript differ(P<0.05).
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Table 1-25. 2 &829] Z7A 8 Fo7|7F & A= JFEA A A}

Htems Dietary treatments” CcV SEM
FM FM+SDBM 0.5% FM+SDBM 1% (%)
Body wt(kg)
Initial 11.46 11.37 10.60 1521  0.69
Final 19.74 19.33 17.34 1426 1.10
ADG(g) 592 569 482 2393  53.49
ADFI(g) 866 877 825 10.66  13.29
Gain/feed 0.68 0.65 0.58 2373 0.06

Y FM, Fish meal; FM+SDBM 0.5%; 50% FM and 50% SDBM; FM+SDBM 1%, 11% FM and 89% SDBM.

O Table 1-26 & 59 M= & 24T 23E depdls. A0 iiﬂ‘é
W A&, Lactobacillus spp, Clostridium spp, E. coli®] 2141 xtol= WERNA] oF
BE A A F371A4 vAELS 832862 CFU/g, Lactobacillus spp= 5.01-5.09
CFU/g, dostridium spp+= 3.21-3.62 CFU/g % E coliv= 6.38-6.62 CFU/g% = Y EFR

[e)

.

Table 1-26. 23129 ¥7|At8 FA7|F T & 54 &4 243

Dietary treatments” CV
Items . SEM

FM  FM+SDBMO0.5% FM+SDBM1% (%)
Total anaerobic bacteria  8.32 8.62 837 6.12 0.45
Lactobacillus spp. 5.08 5.01 5.09 9.58 0.35
Clostridium spp. 3.23 3.62 3.21 13.89  0.62
E. coli 6.38 6.62 6.77 712  0.28

U FM, Fish meal; FM+SDBM 0.5%; 50% FM and 50% SDBM; FM+SDBM 1%, 11% FM and 89% SDBM.
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Table 1-27. 23129 $7|AtE Fo7|F T A=9] A5G +4 23

Dietary treatments’ CcV
Items SEM
FM  FM+SDBM0.5% FM+SDBM1% (%)
BUN 9.67° 6.67° 7.00° 2064  0.66
RBC 6.43 6.33 6.14 1093  0.28
WBC 21.74 16.15 17.56 2615  1.97
Hect 38.80 38.42 36.18 11.51  1.78
Hb 12.27 12.10 11.05 1111 053
Platelet 622.67 573.00 606.67 1829  44.86
IgA 553.46 359.08 410.53 53.77  96.81
IeG 9120.91 9136.37 8522.82 3025 110253
IgM 1048.96 556.27 676.56 4212 130.79
TNF-a /TNFSF2  189.03 153.46 211.69 3531  26.63
Neutrophil 30.82 37.32 37.20 2523  3.62
Lymphocyte 64.90 58.23 56.08 1547  3.78
Monocyte 2.13 2.13 3.43 56.67 059
Eosinophil 1.43° 1.98° 2.87° 627 028
Basophil 0.72° 0.33 0.42° 4574 0.09

Y FM, Fish meal; FM+SDBM 0.5%; 50% FM and 50% SDBM; FM+SDBM 1%, 11% FM and 89% SDBM.
*¢ Means within a row with different superscript differ(P<0.05).
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Table 1-28. A §39] F7]AR w73t & A= A5 24 43
ltems Dietary treatments’ CcvV SEM
CON FDBM SDBM (%)
Body wt(kg)
Initial 11.43 11.03 11.13 15.16 0.70
Final 19.74 17.77 19.28 15.88 1.23
ADG(g) 592 482 582 26.08 58.75
ADFI(g) 866 768 858 10.72 3.47
Gain/feed 0.68 0.63 0.68 26.11 1.07

D CON, Control diet; FDBM, add 0.1% FDBM to CON; SDBM, add 0.1% SDBM to CON.

O Table 1-297} #o] +X A3 Ae+708 FE74 VA =E, Lactobacillus spp, Clostridium
spp, E. coli®]l 1241 Apel= YA @sks. BE AgTolA 27148 v
8.46-8.82 CFU/g, Lactobacillus spp. ~ 5.13-596 CFU/g, C(lostridium spp~= 3.19-391
CFU/g ¥ E colii= 6.27-6.46 CFU/g% YElS S

Table 1-29. 4339 F7|AlE Fo7|3F & & 54 4 243

Dietary treatments”
ftems CON yFDBM SDBM (Ci/:; SEM
Total anaerobic bacteria 8.66 8.82 8.46 6.18 0.98
Lactobacillus spp. 5.96 5.37 513 9.25 0.78
Clostridium spp. 391 3.19 3.79 13.05 0.95
E. coli 6.46 6.28 6.27 7.78 0.67

Y CON, Control diet; FDBM, add 0.1% FDBM to CON; SDBM, add 0.1% SDBM to CON.

O Table 1-302 7}=#3a) Ad EZESDBM)I Iz A8 EHEDBM)2 A7) o] #F
A=l F7IAR F5ol7Ib2 R 453N o] Ao 5L S vEi A ael

O #2423 BUN(Plasma urea nitrogen), RBC(Red blood cells count), WBC(white blood
cells count), Hct(IPtEAR,; dF AT &4/ NE84), Platelet(Z L), IgA, 1gG,
IgM, TNF- o /TNFSF2, Neutrophil(¥% "), Lymphocyte(Hd=27"), Monocyte(T3l ) 9]
Hatel| FoH ]l WolE HolX| ehgts. kA dlEaE2ne] - SDBM< H7Hek A
glre] FA7E fojHow %9}8(P<0.05) w3 G, SA 2 el AIE Rt
2ol & YEH A 5(P<0.05). =, @ 2] %<l SDBMA TR TE ANATHY

Ql




A= FDBMA gl +7F A4 o0& =/ Jegod, 59
oo = =A YEFR(P<0.05).
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Table 130. @39 F/Ab % Foi7]7t 5 G54 B4 Az

ltems Dietary treatments” CoV SEM
CON  FDBM  SDBM (%)

BUN 10.33 7.50 6.83 2659  0.86
RBC 5.87 6.25 6.69 817 021
WBC 16.73 24.13 2434 2693 257
Het 34.27 36.63 41.77 846 135
Hb 11.17% 10.75 12.25% 8.66 0041
Platelet 522.67 609.50 47150  29.04  67.34
IgA 395.09 386.17 42077 6321 117.02
1gG 8004.73 652452  7439.31 4351 1366.69
IgM 764.69 682.77 686.00 5881 193.47
TNF- o /TNFSF2  171.96 193.58 16324 2873  21.39
Neutrophil 31.67 42.00 2670 4130 559
Lymphocyte 64.93 53.23 67.68 2128 538
Monocyte 1.10° 2.07° 3.60° 4059 043
Eosinophil 1.57° 2.33° 148 3672 0.6
Basophil 0.73° 0.37° 053 3818  0.08

Y CON, Control diet; FDBM, add 0.1% FDBM to CON; SDBM, add 0.1% SDBM to CON.
*¢ Means within a row with different superscript differ(P<0.05).
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Table. 1-31. A3 FoJ7} F-9-AA -2 Aol A= &

Items Control Treatment P
Total(0~123 days)
Initial body weight(kg) 262.43+31.99  263.86+30.16 0.8854
Final body weight(kg) 382.14+30.81  399.29+23.72 0.2661
Total gain(kg) 119.71+14.14  135.43+13.39 0.0846
Average daily gain(kg) 0.97+0.11 1.10+£0.11 0.0610
Feed intake(DM kg/day/head) 9.30+0.33 9.40+0.12 -
Formula feed 7.87+0.24 7.97+0.12 -
Rice straw 1.4310.14 1.43+£0.14 -
Feed conversion ratio 9.66£1.03 8.6110.84 0.0582
Total(123~410 days)
Initial body weight(kg) 382.14+30.81  399.29+23.72 0.2661
Final body weight(kg) 548.71+40.84  577.57+43.74 0.2261
Total gain(kg) 166.57+55.49  178.28+54.17 0.6966
Average daily gain(kg) 0.58+0.19 0.62+0.19 0.6966
Feed intake(DM kg/day/head) 9.08+0.23 9.15+0.08 -
Formula feed 7.48+0.17 7.55+0.08 -
Rice straw 1.60£0.10 1.60£0.10 -
Feed conversion ratio 16.85+5.10 15.97+5.74 0.7662
1st(410~498 days)
Months of age 25.57+0.53 26.00+£0.58 -
Initial body weight(kg) 548.71+40.84  577.57+43.74 0.2261
Final body weight(kg) 591.29+37.11  612.57+£40.13 0.3232
Total gain(kg) 42.57+7.91 35.00+9.64 0.1343
Average daily gain(kg) 0.48+0.09 0.39+0.11 0.1343
Feed intake(DM kg/day/head) 8.58+0.00 8.58+0.00 -
Formula feed 6.58+0.00 6.58+0.00 -
Rice straw 2.00£0.00 1.98+0.00 -
Feed conversion ratio 18.49+3.53 23.64+8.10 0.1492




) | 2nd (82 days) 3rd (1234

GLUY(mg/dE) 63.4323.60 0.5925 64.57+4.65 66.7122.69 0.3120 66.1422.27 64.8625.05 0.5502
Fosray NEFAII(I-IWO 183.29231.63 208.14138.83 0.2137 193.71£41.29 204.57:32.89 0.5963 202.43:228.65 197.43:48.52 0.8184
]_ip.d CHOL;][le 121.4323.99 122.71£359 0.5385 121712250 121.2923.90 0.8108 122.57£6.08 124141910 0.7106
TG"[I'fm 22.8620.90 2271125 0.8106 22.86+0.69 22.71%20.76 0.7184 22862157 21142177 0.0799
TPS)(;") 7.9620.26 7.99£0.24 0.8360 8.0720.28 8.0320.26 0.7682 8.0320.31 7.8720.38 0.4040
= BUN‘”I'{‘] 10.9420.70 11.11+0.76 0.6695 11.0610.52 11.46£0.33 0.1085 11472040 11.41:0.58 0.8338
it ALB”[QI&} 3.9320.21 3.9610.29 0.8366 4.00£0.29 3932023 0.6215 3.9410.19 4.1320.50 0.3757
CRE”[!'/II] 1.06£0.13 1.10+0.06 0.4329 1.0720.10 1.0720.05 0.9999 1.06+0.10 1.09£0.18 0.7153
ASTHU/M) 85.00£15.64 90.86+1478 0.4853 B6.86+10.06 89.5721473 0.6943 B82.29%£1119 88.57+17.19 0.4333
Liver ALTO(U/mM 2143154 2243+458 0.7163 22571469 2243428 0.9535 224312559 19.86:2.27 0.2817
GGTM{U/M 33.57£5.97 33.00+6.43 0.8660 34144631 32.432£5.74 0.6046 32.4324.76 34.29:4.35 0.4505
Cn“'-‘(uldl] 8.8720.16 8.99£0.25 0.3346 9.0120.27 8962024 0.6872 9.0120.25 8.87£0.57 0.5565
Mineral Ms“’(l'.fm 3.01:0.16 3.06£0.17 0.6353 2.9920.16 2992013 0.99%0 3.03+0.17 2.9020.21 0.2301
P'{mg/de) 7.14£0.69 7.2910.49 0.6627 7.29:0.49 7.14:0.38 0.5517 7.43120.79 7.43£0.53 0.9999
| 2nd (323 day 3rd (410 d
G!.U"(.,{m 66.1422.27 64.8615.05 32.86215.41 24711272 0.3022 70.0046.83 74.29%3.99 01773
i MNEFA? (uEq/h) 202.43+28.65 197.43£48.52 0.8184 454 434236.97 522.00+207.51 0.5808 135.14461.08* 5§9.71£21.05" 0.0164
. CHOL{mg/d) 122,57+6.08 124144510 0.7108 401447 .49 41.5746.75 07144 121.43429.55 123.71412.60 0.8536
Hipie TG (mg/de) 22.8621.57 2.1451.77 0.0799 2314515 26.14%4.22 0.2560 21.4346.95 21.86%5.18 0.8981
Tps‘[gfﬂ) 8.0320.31 7.8720.38 0.4040 7.30%0.59 7.23%0.32 0.7843 7.51£0.36 7.43£0.64 0.7623
o BUN®(mg/d#) 11.47£0.40 11.41£0.58 0.8338 16.00£5.28 14.5645.68 0.6317 13.6383.11 16.5311.53 0.4730
gt A!.B,’(g]ﬂ) 3.9420.19 4.1310.50 0.3757 4.20+0.48 4.2010.47 1.0000 3.8740.20 3.6620.24 0.0911
CRE"[I'_,’*} 1.0620.10 1.09%0.18 0.7153 1.4320.08 1.3420.21 0.3238 1.37+0.28 1.4420.22 0.6078
ASTI(U/D 82.29411.19 88.57£17.19 0.4333 83.43219.42 76.43£7.83 0.3419 85.86%21.33 66.29417.79 0.0869
Liver ALTY (UM 22.4315.59 19.86%2.27 0.2817 22.43+3.82 26.5746.90 0.3126 19.8622.73 17.8622.41 01722
GGETHU/M 32.4334.76 34.2944.35 0.4505 43.86+26.64 30.29%8.20 0.2379 38.7118.66 30.29%4.35 0.0570
Ca'P(my/de) 9.0120.25 8.8720.57 0.5565 B8.9720.97 9.1321.49 0.8187 8.4940.34 8.4320.33 0.7548
Mineral Mgu’(ljjﬂ] 3.0320.47 2.9010.21 0.2301 2.5330.14 2.7620.30 0.0858 2.5120.12 2.6310.27 0.3259
P (mg/d€) T.4330.79 7.432053 0.9999 7.36%2.15 B.9621.13 0.1065 7.69£0.67 7.7620.75 0.8541
nd
EIEN -_— =
GLU" (mg/d8) 70.0016.83 74.2943.99 04773 T1.71213.97 T3.7145.96 0.7336
Energy NEFﬂn[I.IEw 135.14461.08° £8.71£21.05" 0.0164 84.86136.26 93.43£20.98 0.5982
o CHDL!)(II”‘) 121.43129.55 123.71£12.50 0.8536 149.14426.74" 188.71£36.06" 0.0378
UPM TG"(!’/!) 21.4346.95 21.86£5.18 0.8981 28.00£14.06 21.86£5.93 0.3078
TP(g/de) 7.5120.36 7.4320.64 0.7623 B.0610.68 8.2340.55 0.6135
. BUN®(ng/de) 13.6383.11 156.53%1.63 04730 14.2341.77° 17.3121.36* 0.0033
R ALBn(gfﬂ} 3.8740.20 3.6640.24 0.0911 410012 4.0710.20 07489
CRE® (mg/de) 1.3740.28 1.4440.22 0.6078 1.50%0.14 1.6740.26 0.1544
ASTHU/) B5.86%21.33 66.29417.79 0.0869 91.00%28.48 72.7146.90 0.1447
Liver ALT*IUM 19.86%2.73 17.8642.41 01722 24.14%1.07* 20.4310.98" 0.0001
GGT (UM 38.71£9.66 30.29%4.35 0.0570 47.86%18.60 38.577.70 0.2670
Ca'¥(ng/de) B.4940.34 8.4340.33 0.7548 8.9940.21 8.9740.30 0.9204
Mineral Mg”’ (mg,/d2) 2614012 2.6340.27 0.3258 2.5640.08 2.5940.20 0.7288
P (mg/de) 7.690.67 7.7620.75 0.8541 7.8610.87 7.7040.84 07361
Figure 1-19. A 31n] Fof7} -9-AM G- N3 v x]= G

T LH K] e
Control Treatment P-value "
Months of age 25574053 26.004058 . S
=
Back fatthickness (m) | 680270 8581294 0308
1.5
Rib-eye area (i) 84083.20 $333528 0.7% 2
-
Marbling score 2834133 300479 0,658 - e

Figure 1-20. a7 F47} 9-AA -9 259 ST m3= JF
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. AEAAM ZEARS oAt IFLEE 57

1) A7 54 & A7 T-cannulas AX| 3 Ao A, Folfsollet BHAAR +35)9
BEAE T, ALY st B EE LSS S SAHS o]&ES ¥k
1 EA el A=

O seolsolet g9 ofnwit 3FAsES S48t fla A 5(2001)] el wet
T-cannulaE A% g+ A}i=(Landrace x Yorkshire x Duroc, 30+3% %, 14.4+0.35kg) 4+
SAIEE] 4x4 BRI A9 o] AARS ol &l IFUHEES AF ] SAHIA=.

O oAl 3 44sE SAHS H3 AFA R T AHEL AFAIEE F2AA AR (N-free

Nd Fadom Fofsole @g H oEs ARER 7R AFREA, oy ]9t
olr| =2t 8 7S A9 E NRC2012)°] AAE 7% THA7]ES wi§§H(Table

1-32, Table 1-33, Table 1-34).

| |

Table 1-32. Ingredient composition of experimental diets

Dried mealworm(%)

Ingredients(%) nitrogen-free 0 - -
Corn-starch 76.77 66.77 66.77 66.77
Fish meal - 10.00 - -
Mealworm - - 10.00 -
Black solider fly - - - 10.00
Sucrose 15.00 15.00 15.00 15.00
Cellulose 4.00 4.00 4.00 4.00
Limestone 1.56 1.56 1.56 1.56
MCP 1.57 1.57 1.57 1.57
Salt 0.30 0.30 0.30 0.30
Mineral premix 0.15 0.15 0.15 0.15
Vitamin premix 0.15 0.15 0.15 0.15
Chrome-oxide 0.50 0.50 0.50 0.50

Total 100 100 100 100




Table 1-33. Analyzed nutrient composition(as-fed basis) of experimental diets containing

fish meal, mealworm, black soldier fly(BSF)

ftem(’) Fish meal Mealworm BSF N-free
Dry matter 95.25 96.54 95.55 96.98
Crude protein 7.62 8.06 5.75 0.97
Essential amino acids

Arg 0.348 0.197 0.127 0.001
His 0.135 0.148 0.109 0.005
Ile 0.222 0.218 0.064 0.002
Leu 0.437 0.397 0.139 0.006
Lys 0.437 0.260 0.083 0.024
Met 0.118 0.076 0.052 0.006
Phe 0.145 0.094 0.113 0.001
Thr 0.13 0.158 0.079 0.008
Val 0.132 0.127 0.124 0.005
Non-essential amino acid

Ala 0.325 0.441 0.297 0.013
Asp 0.32 0.17 0.258 0.003
Cys 0.034 0.039 0.068 0.041
Glu 0.864 1.032 0.997 0.005
Gly 0.136 0.384 0.264 0.005
Pro 0.119 0.161 0.188 0.015
Ser 0.126 0.231 0.111 0.006
Tyr 0.124 0.327 0.276 0.004




Table 1-34. Analyzed nutrient composition(as-fed basis) of fish meal, mealworm, black

soldier fly(BSF)

[tem Diet
Fish meal Mealworm BSF
Dry matter, % 95.46 96.25 97.22
Gross energy, kcal/kg 3890.78 4666.95 4832.44
Crude protein, % 58.06 71.36 41.03
Ether extract, % 417 5.20 1.43
Ca, % 19.41 3.81 33.91
P, % 2.78 0.43 0.84
Essential amino acids, %
Arg 3.98 1.37 1.58
His 1.51 1.18 1.82
Ile 291 2.07 212
Leu 4.58 3.82 297
Lys 478 2.49 2.7
Met 1.64 0.79 0.85
Phe 1.54 0.84 1.62
Thr 1.47 1.15 1.63
Val 1.1 1.57 1.69
Non-essential amino acid, %
Ala 3.91 3.12 2.89
Asp 3.15 1.88 2.37
Cys 0.34 0.31 0.35
Glu 9.36 10.12 10.14
Gly 1.67 3.62 217
Pro 1.45 1.88 1.37
Ser 1.83 2.02 1.84
Tyr 1.9 3.52 2.96
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T3l A2 $ cold performic acid &N o= 4k} A g]dte] 4813 &(Moore, 1963).
O &sta AXE : BE AlRY oAl AskEo] ks 342 At A ES AXAR ARE
g 7H SAUORE AXtES. 318 W& EF & AlRolA S ofn At ot 3
FastE 3 ol it FFE H 43S Stein 5(2007)0] AAlE WHOoR AMERS
O BA ¥4 : Age] BE AEE SAS 9.3(2012)2 ©]-&3te UdYEF AR (one-way
ANOVA)< 3818131, H+t 7t vl Tukey T A4S AAISH S

A

O o 344318 (AID, apparent ileal digestibility)
o, B, SollFele] ot 3T AsHES Table 1-355) 5 2
& A]+= leucine, methionine ¥ phenylalaninedl| ] ©]&o] T Y50l Hlsto] {24
o2 A WES S (P<0.05), arginine, leucine, methionine % threonine®l| A+
AE7F of el Hlgte] FolHom A YElE(P<0.05). dFARE histidine, isoleucine
3 valined| M= A2 7-7ke] #F92Q1 Apol= YERUA] Sk5(P>0.05). HIE G ofn] e
Al A= cystineoll A o o] frolA o2 A e 2 1H(P<0.05), proline} tyrosineol
Me ZTER7F ofZd Blste] fFeolHow FA YERS=(P<0.05).




Table 1-35. Apparent ileal digestibility(AID) of amino acids in fish meal, mealworm and

black soldier fly(BSF) by growing pigs

Diet
ltem(%) Fish meal Mealworm BSF SEM r
Essential amino acids
Arginine 82.70° 86.14° 83.77% 0.72 0.022
Histidine 79.79 81.25 82.25 1.24 0.408
Isoleucine 81.43 80.27 81.92 434 0.963
Leucine 83.77° 84.15° 81.31° 0.46 0.004
Lysine 80.46 82.42 81.87 2.07 0.793
Methionine 84.98" 83.77° 81.18" 0.66 0.008
Phenylalanine 86.81° 84.27° 77.48° 0.74 0.001
Threonine 77.24° 84.64° 82.75° 3.19 0.285
Valine 86.67 83.44 85.06 3.20 0.779
Non-essential amino acid
Alanine 78.73 75.77 76.99 3.15 0.804
Aspartic acid 82.29 82.62 81.17 1.82 0.842
Cysteine 86.03° 83.28" 83.24° 0.33 0.001
Glutamic acid 81.60 82.82 84.30 1.10 0.274
Glycine 85.10 83.76 85.02 1.68 0.822
Proline 79.76° 84.90° 83.03° 0.73 0.002
Serine 84.32 87.94 87.45 1.08 0.084
Tyrosine 81.70° 83.25° 87.85° 0.64 0.001

*¢ Means within a row with different superscript differ(P<0.05).

@) 3]7% 4 3}5-(SID, apparent ileal digestibility)
T, 99, Follsold i+ 3 AsES Table 1-369F #
oA argininel]l A EHo] & Aol H|Sko] FolFH o

tﬂ

=3
N

o o
4

(P<0.05), leucine, methionine ¥ phenylalanine®l A+

Ho g2 A eSS (P<0.05). HES otuwal 3 18&

oAM=

H]3ko] alanineoll X ol % o2 7 YERE S (P<0.05), glutamic acid$} tyrosine] 4]
= Foleol7t v dsol vste] folHor Jhdshs AR YEE(P<0.05). &4

9t histidine, isoleucine, threonine, valine, aspartic acid
serine®| A = A 2] -3ke] o] A Q1 xfo]= W E A 29

cysteine glycine proline %

&(P>0.05).




Table 1-36. Standardized ileal digestibility(SID) of amino acids in fish meal, mealworm
and black soldier fly(BSF) by growing pigs

Diet

tem(%) Fish meal Mealworm BSF SEM r
Essential amino acids

Arginine 84.89" 87.02° 84.19° 0.39 0.002
Histidine 84.26 83.03 86.07 0.88 0.098
Isoleucine 83.85 80.83 82.05 4.26 0.882
Leucine 86.46 84.80% 82.17° 0.88 0.022
Lysine 81.43 83.01 82.14 2.25 0.884
Methionine 85.97° 83.85 81.26° 0.49 0.001
Phenylalanine 89.25° 85.40° 78.32° 0.98 0.001
Threonine 79.77 85.77 83.33 3.17 0.439
Valine 90.26 84.33 85.32 3.22 0.414
Non-essential amino acid

Alanine 83.97° 77.11° 77.25° 1.27 0.006
Aspartic acid 85.28 84.20 82.06 2.01 0.538
Cysteine 88.06 84.69 84.52 1.38 0.178
Glutamic acid 82.17° 83.20° 87.71° 1.09 0.013
Glycine 87.21 84.26 86.02 1.73 0.507
Proline 84.49 85.76 83.77 5.42 0.966
Serine 92.73 89.64 88.24 1.92 0.287
Tyrosine 83.92° 83.51° 90.52° 1.37 0.009

*¢ Means within a row with different superscript differ(P<0.05).
o ol AE ALR W TolFel F7F AMEAEA, d¥L: 238 R A A= IF

FAHEAA FohBole] $28 Folzk AP, o
O

2ol BelBol ol 4 Boheks] Slske] A%

A

2) Als 2 Yy

O A&AA, Alds= 2 AEAE - Wi E dE5EA Foflsdde] 7HXE B7lstr] 9
slo] o] Ab=(Landrace x Yorkshire x Duroc, 21429, 6.51+0.15kg) 1925 & A5}
47 MR G son fage] MAGGem, AREe 4R A S AF

] 2 =2 =3
2 NRCQ012)M AANE EF 4288777 J%r 2T7HS 2287 23
== w3 3H(Table 1-37, Table 1-38, Table 1-39).




Table 1-37. Experimental design
Black soldier fly(%)

Items

0 1 2 3
Heads/Rep. 8 8 8 8
Replicate 6 6 6 6
Sub-total 48 48 48 48
Total 192

Table 1-38. Ingredient and chemical composition of experimental diets(phase I, d 0 to 14)

Black soldier fly(%)

Item
0 1 2 3

Ingredients(%, as fed basis)

Corn 26.00 26.77 27.53 28.27
SBM(45%) 26.03 24.80 23.60 22.40
Black soldier fly - 1.00 2.00 3.00
Whey powder 15.00 15.00 15.00 15.00
Lactose 12.00 12.00 12.00 12.00
SDPP 5.00 5.00 5.00 5.00
Sugar 6.00 6.00 6.00 6.00
Soy oil 6.34 5.99 5.63 5.28
-Lysine(78%) 0.14 0.16 0.18 0.19
pr-Methionine(100%) 0.11 0.11 0.11 0.11
t-Tryptophan(10%) 0.38 0.29 0.20 0.12
Limestone 1.10 1.10 1.10 1.10
MCP 1.04 0.92 0.79 0.67
Salt 0.23 0.23 0.23 0.23
ZnO 0.30 0.30 0.30 0.30
Vitamin premix 0.11 0.11 0.11 0.11
Mineral premix 0.22 0.22 0.22 0.22
Total 100.00 100.00 100.00 100.00
Chemical composition(%)

ME(kcal/kg) 3,490 3,490 3,490 3,490
cp 21.00 20.98 20.99 20.99
Ca 0.85 0.85 0.85 0.85
Total P 0.69 0.67 0.64 0.61
Lysine 1.40 1.40 1.40 1.40
Met + Cys 0.84 0.84 0.83 0.83




Table 1-39. Ingredient and chemical composition of experimental diets(phase II, d 15 to 28)

Black soldier fly(%)

Item
0 1 2 3

Ingredients(%, as fed basis)

Corn 44.87 45.50 46.03 46.67
SBM(45%) 25.90 24.70 23.60 22.40
Black soldier fly - 1.00 2.00 3.00
Whey powder 10.00 10.00 10.00 10.00
Lactose 6.00 6.00 6.00 6.00
SDPP 2.00 2.00 2.00 2.00
Sugar 4.00 4.00 4.00 4.00
Soy oil 3.37 3.13 2.90 2.66
L-Lysine(78%) 0.16 0.18 0.19 0.21
DL-Methionine(100%) 0.08 0.09 0.09 0.09
L-Tryptophan(10%) 0.38 0.29 0.29 0.29
Limestone 1.10 1.10 1.10 1.10
MCP 1.19 1.06 0.94 0.81
Salt 0.32 0.32 0.32 0.32
Zn0O 0.30 0.30 0.30 0.30
Vitamin premix 0.11 0.11 0.11 0.11
Mineral premix 0.22 0.22 0.22 0.22
Total 100.00 100.00 100.00 100.00
Chemical composition(%)

ME(kcal/kg) 3,350 3,350 3,350 3,350
CP 18.99 18.98 19.02 19.02
Ca 0.85 0.85 0.85 0.85
Total P 0.73 0.71 0.68 0.65
Lysine 1.20 1.20 1.20 1.20
Met + Cys 0.71 0.72 0.72 0.71

O AFFAEA - A S JHAIE] A FALRE 28U7 wod F TRHEE AlFA AT
S7Asto] dFSAF(ADG, average daily gain)S ARt om, AlEAHAZFS SAsH
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¥H(vacutainer) 7}

O @l J4 4 cytokine H|F
wing vein®l Al EDTA7} g & 2
Aol ZA2F 5mL¥ w3 EDTAC 3% dS 2443
(HEMAVET, Drew Scientific Inc, Oxford, CT)E ©]-&3}lo] WBC(white blood cell),
HB(hemoglobin), LY (lymphocytes), MO(monocytes), EO(eosinophils)S 783+%l, &

N ) cytokinew Rl FS =437 9138t porcine IL-15, IL-6, IgG TNF-¢ kit(BD
biosciences, USA)E ©|-&3}%l5. Capture antibody(anti-porcine IL-1 5, IL-6, IgG TNF-
@ )& coating buffer(0.IM carbonate,PH 9.5)= 3]4gF % 96 well microplate°] 100uL
A Qa1 4°Coll A 124175 HEEAIZ S, ZH ¥ 96 well microplate 7} well®] coating
A7kl wash buffer(0.05% Tween20, PBS)= 33| A%
Ao A 1~2A13F FQt WA 8} o] "l 3
ERER

[e] B
/‘/\] L. 1 ]

buffer(1% BSA,PBS) 200uL
3] Mgk §, sample diluent solution(1% BSA, 0.05% Tween 20, PBS)°. =
Hl-

YUy AL
[e]
oF Jk-g-A1F

gk & substrate(TMB substrate)E 100ul Y3l o5& 3ollA 30% &
A F,

SA71aL Al

8 200uLY Pl Ao A 2~4A13HE 9 WHEAI 7131 43] A F LS. ©]o1A] working
A&l A 1A zE W
o

Asha A9E EEFAE o) 8ol 1L

_O
detector(detection antibody+Avidin-HRP)100uL*]
o
microplate reader(Benchmarkplus, Bio-Rad

IN H2504Z @i Wree
Laboratories,USA)%2 450nmol| A F3%EE =
g, IL-6, IgG TNF-¢a ¢ a2s 1a19S
O 2% morphology : &% §%o Fejstd wstE #Fsly] flste] AP 1 A
AYER 6'F(F 4F)H B F HFAATI T Ad 15mP RS A& o]
Az AH3 o 10% formalin Ao HAste] AxAn HFow B3 w7
W Hasils. 85 Folok §¢ olE 54357 kel 10% formalin 8] K
Exo] AW A|EE paraffin® = JAHAIZ] F 6umA7|E2 HTE3SY] azure Al eosine
o= JAES S, AME Alm= 400 vlEol|A HAAnH o R SAE(Cera 5, 1988).
grirolsh gopziole] W& F FAE vro] AEINE
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O AAb WAE A SAS AN & vid 28] o4 9xef 0% oAl A=
& WRoR AAsglon, 74 =W AESS WeR d AR St A A
= SASE. e 27l wE 0~49 HeE wofgon, v 95g0), Hud
1), F5Q), W FEE), AF@E = T 8T Hitg kst & RS

GLM(general linear model)

quadratic &35 AL -

1-409F #5. YISAZFHADG)S] 89 Phase I, HOolA AHz5-3ke] Fo% Q1 Aol
ERA] @F9S(P>0.05). aFARE AA 7|7kl A el 5ol o] HpgRol

N
o

AFSAZFe] M= 2oz YR (P<0.05). YYArAtEAFHFH(ADF) Y ALS & 5(GF)
o= Ag T3kl Fol el o)t §1913(P>0.05). Jin 5(2016)L O] A= Al &
S T AR A ARk o] A E AT Barsh AR At YEb S

Table 1-40. Effects of dietary supplementation of dried black soldier fly on growth

performance of weaned pigs

Black soldier fly(%) P
Item SEM
0 1 2 3 Lin.  Quad.
Phase 1(d 0-14)
ADG(g/d) 256 263 265 268 12.05 049  0.873
ADFl(g/d) 368 365 370 372 1119 0749  0.808
G:F(g/kg) 696 722 716 720 2741  0.605  0.690
Phase 2(d 15-28)
ADG(g/d) 425 431 444 441 1355 0127  0.924
ADFl(g/d) 698 704 712 715 12.09 0281  0.906
G:F(g/kg) 609 611 625 633 1916 0334  0.894
Overall(d 0-28)
ADG(g/d) 340 347 354 354 6.95 0.044  0.964
ADFl(g/d) 533 535 541 544 8.85 0.348  0.942
G:F(g/kg) 640 649 656 663 1426 0251  0.929




O YL ashE ¢ offpAbm AbRd Folselle FEE Fold wE dUda LstEs 4
= Table 1413} 25 A7]ol = ool FFE Holo e {7 =
YERA] 28 k5-(P>0.05). 3HATE S7]ol = Follsole] 5 Fojd et dEe] &
shEo] FoAow JNAE = Ao ® YEE S (P<0.05).

Table 1-41. Effects of dietary supplementation of dried black soldier fly on apparent

total tract digestibility(%) of nutrients in weaned pigs

Black soldier fly(%) P
Item SEM
0 1 2 3 Lin. Quad.
Phase 1(d 14)
Dry matter 86.99 86.84 87.35 8754 032 0147  0.604
Gross energy 84.62 84.49 85.01 8459 040 0816  0.728

Crude protein 82.51 82.99 82.72 8280 057 0817  0.728
Calcium 53.20 53.49 54.37 5448 097 0287  0.931
Phosphorus 47.87 48.70 47.99 47.75 111 0835  0.637

Phase 2(d 28)
Dry matter 83.81 84.48 84.76 8494 027 0.006 0.370
Gross energy 82.01 82.65 82.56 8268 053 0465 0.744
Crude protein 79.56 79.75 80.50 80.07 055 0370 0577
Calcium 46.36 45.68 46.91 4687 072 0405  0.657
Phosphorus 43.14 44.12 43.53 43.71 071 0733  0.578
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O ol ) BT BA : ol fAE ARl FolFol FEE Folol me Folygel Az
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El

+ Table 1-423} 3. HAHY A3 A4k Fo]Al Aol= vehbx] &
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S (P=0.058). AlolE7ISl ZolA AA=

RO CETERE

stA 71 A=A ILL-B, IL-6, IL-12, IL-18, TNF-«, IFN-7 &°] &A1&, iNOS+

A NOYE Aatsh=dl o= <dlel os) otk A4 Al AgAHZM ROSE 24

AA AGF MolEAIte] JEAEL B AR EPAE RoE ded Ue

(Guzik et al, 2003). o] F ALWNS TPl AFWA /1A BN} 4D A

st Ago] e 2Ef2T Fag A F9 stvEA dEA A& (Macdonald &,

2003). wrebA] ket WM =dE gretal e SEe oliAEell wel® A

FREY LS AAlste] AolEFRR] 3 &2 WAE] dEFE v 5 A= Ao

AbEE.
Table 1-42. Effects of dietary supplementation of dried black soldier fly on

haematological traits of nutrients in weaned pigs

Htems Black soldier fly(%) SEM P
0 1 2 3 Lin. Quad.

WBC(10°/ul) 27.72 23.92 22.67 24.68 1.54 0.148  0.074
RBC(10°/ul) 6.49 5.81 5.61 5.66 0.33 0.080  0.279
Hb(g/dL) 10.13 8.92 9.11 9.12 0.43 0156  0.173
Lymphocyte(%)  60.39 61.84 62.36 62.16 2.60 0.622  0.755
Monocyte(%) 2.73° 4.12% 5.08° 5.03° 048  0.001  0.147
Eosinophil(%) 1.40 1.88 1.97 2.02 0.18 0.025  0.651

*¢ Means within a row with different superscript differ(P<0.05).

Table 1-43. Effects of dietary supplementation of dried

response and fecal score of weaned pigs

black soldier fly on immune

Black soldier fly(%) P
Items SEM

0 1 2 3 Lin. Quad.
IL-1B8(pg/mL) 15.05 13.37 13.67 14.79 1.11 0927  0.223
TNF-a(pg/mL) 17120 167.24 15438  162.87 4.37 0.067  0.170
IL-6(pg/mL) 3.63 4.33 3.55 3.15 1.13 0.632 0.706
IgG(ng/mL) 22.58 21.84 23.99 21.73 2.75 0.975 0.784
Fecal score 2.70 243 2.29 231 0.15 0.058 0.338
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Table 1-44. Effects of dietary supplementation of dried black soldier fly on small

intestinal morphology in weaning pigs

ltem Black soldier fly(%) SEM P
0 1 2 3 Lin. Quad.
Villus height, um
Duodenum 655 677 670 686 8.50 0.033  0.728
Jejunum 552 564 537 542 26.80 0.643  0.887
[leum 474 419 444 412 38.57 0363  0.759
Crypt depth, um
Duodenum 324 327 336 317 1595 0.856  0.489
Jejunum 283 260 264 256 8.45 0.057  0.374
[leum 239 236 245 252 1463 0473  0.720
VH/CD
Duodenum 2.02 2.09 2.10 215 0.12 0294 0478
Jejunum 1.97 2.04 2.16 2.28 0.13 0.640  0.570
[leum 2.04 1.91 1.93 1.97 0.19 0.210  0.501

2 ol 4AE AR U DY ALgel BE AP, 9F2 £3E L WMol HAE 4T
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Duroc, 21+29 %, 6.27+0.15kg) 180 FE& 3 Alste] 348 6wt (RkE © 107)o= ¢4
de] wjx]|(Table 1-28)3}31 o™, Al 453+ AAIES. AlPALE S NRC(2012)°0 Al
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1-45, Table 1-46, Table 1-47).

Table 1-45. Experimental design

Items Mealworm(%)
0 25 5
Heads/Rep. 10 10 10
Replicate 6 6 6
Sub-total 60 60 60
Total 180

Table 1-46. Ingredient and chemical composition of experimental diets(phase; d 0 to 14)

Mealworm(%)
Items
0 25 5
Ingredients(%, as fed basis)
Corn 30.46 29.97 29.39
SBM(45%) 18.20 18.10 18.10
Mealworm - 2.50 5.00
Fish meal 5.00 2.50 -
Whey powder 15.00 15.00 15.00
Lactose 12.00 12.00 12.00
SDPP 5.00 5.00 5.00
Sugar 6.00 6.00 6.00
Soy oil 5.58 5.57 5.56
L-Lysine(78%) 0.08 0.13 0.17
DL-Methionine(100%) 0.05 0.07 0.08
L-Tryptophan(10%) 0.45 0.52 0.59
Limestone 1.10 1.10 1.10
MCP 0.34 0.75 1.16
Salt 0.11 0.16 0.22
ZnO 0.30 0.30 0.30
Vitamin premix’ 0.11 0.11 0.11
Mineral premix’ 0.22 0.22 0.22
Total 100.00 100.00 100.00
Chemical composition(%)
ME(kcal/kg) 3,490 3,490 3,490
cpP 21.01 20.98 20.99
Ca 0.85 0.85 0.85
Total P 0.61 0.65 0.70
Lysine 1.40 1.40 1.40
Met + Cys 0.82 0.82 0.82




Table 1-47. Ingredient and chemical composition of experimental diets(phasell; d 15 to 28)

Mealworm(%)
Item
0 25 5
Ingredients(%, as fed basis)
Corn 48.24 47.90 47.55
SBM(45%) 21.10 21.10 21.10
Mealworm - 1.50 3.00
Fish meal 3.00 1.50 -
Whey powder 10.00 10.00 10.00
Lactose 6.00 6.00 6.00
SDPP 2.00 2.00 2.00
Sugar 4.00 4.00 4.00
Soy oil 2.30 2.30 2.29
L-Lysine(78%) 0.13 0.15 0.18
DL-Methionine(100%) 0.06 0.06 0.07
L-Tryptophan(10%) 0.42 0.47 0.51
Limestone 1.10 1.10 1.10
MCP 0.77 1.01 1.26
Salt 0.25 0.28 0.31
ZnO 0.30 0.30 0.30
Vitamin premix 0.11 0.11 0.11
Mineral premix 0.22 0.22 0.22
Total 100.00 100.00 100.00

Chemical composition(%)

ME (kcal/kg) 3,350 3,350 3,350
CP 19.01 19.01 19.02
Ca 0.85 0.85 0.85
Total P 0.68 0.71 0.74
Lysine 1.20 1.20 1.20
Met + Cys 0.71 0.71 0.71

SAste] dFSAHAF(ADG, average daily gain)S ALl om, AlEAHAZFS SAst
7] flete]l T8 AT FAH A AR FolEolA AR FAIE SRS AR
Aol A Dol AT AsdHFeR dIGTAY, dIAE A F(average daily feed
intake) “12]3l A5 Q.78 (FCR, feed conversion ratio)S 4FE3F3 &
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F=547](Model 1241 Parr Instrument Co., Molin, IL)Z 435, YU A3&S
Cr,059] acid digestion method(%t &, 1987)¢l ¢]3}o] Spectrophotometer(Model V-550,
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FUx RBE(%) = (1-AIR F9 CrO, TFF% x ¥ T JU2 FI%) /

(2 F9 CrOs #%% « Az F9 Fobi F8%) | x 100

O Yol F4 & cytokine®H F #4] : AFYFAIR TR A 28) ¥HET 154
wing vein®l Al EDTA7} A2]¥ & 2 E¥h(vacutainer)?t o} 2|7} HoJUA] b2
Aol Ztzb 5mL¥  |il EDTACl 3 Do 24743 Srol d4 247]
(HEMAVET, Drew Scientific Inc, Oxford, CT)E ©]83lo] WBC(white blood cell),
HB(hemoglobin), LY (lymphocytes), MO(monocytes), EO(eosinophils)S Z73+%l1, &
M ) cytokine® R FS =437 $13+4 porcine IL-14, IL-6, 1gG TNF-¢ kit(BD
biosciences, USA)E ©|-&-3}%l 5. Capture antibody(anti-porcine IL-1 5, IL-6, IgG TNF-
@ )& coating buffer(0.IM carbonate, pH 9.5)= 3|43t %96 well microplate®] 100uL
A a1 4°Col Al 124139 WA 5. ZHE 96 well microplate ZF well®] coating
bufferE #|7#3slil wash buffer(0.05% Tween 20, PBS)Z 33] A% gt %, blocking
buffer(1% BSA, PBS) 200uL® & Fil Aol 1~2A17F &< BX| e 5. o5 A 3
3] M2 3t ¥, sample diluent solution(1% BSA, 0.05% Tween 20, PBS)C.2 3]4% &
4 200ulX Wi Aol A 2~4AIZHERE WHE-AI 7] AL 43] Al HEESlE. ©] 9] A working
detector(detection antibody+Avidin-HRP)100uL® Wil Ao A 1A]1ZF HE-g-A]7] 31 A
%3 & substrate(TMB substrate)E 100ul. Y3l o] F& 3ZolA 308 &< WHSAI A2
2N HSO & 9il W3S AAAIZL %, microplate reader(Benchmarkplus, Bio-Rad
Laboratories,USA)Z 450nmolA S3 =S FA4sta FAdE HF:FAE o] 83519 IL-1
B, IL-6, 1gG TNF-a 9| &S 3% 3.

O 2% morphology : A& §5e] Fejsts W3E wHshy] fste] dd F&5 A
AEE 67 (F 47 = 3 F YIRS YH 4T 15emPES 4

&

AAr2 A ts 10% formalin




K S5 Folek 9 zolE F438H7] Hete] 10% formalin 8ol B
E5o] W AEE paraffin®Z IAHAIZ] & 6umA7| = Aeto] azure A%} eosine
0w o1

AASE AR 408 Wl Eol A AAAnF oz FH3HCera 5, 1988).

5 : | et o w5}
1), F5@2), M FE50), dd@=E =8 T 87 s skt SASN S BE
ArpA o] 42 HUg ABde A8k flstke] 3 w@datel o8 s AE

Fol digh BA 42 SAS 9.3(2012) =13

GLM(general linear model) Ax}E o]&3ste] Folgel 7l WE linearst

quadratic &35 A &

O AFFEA o olfAbE ARl 299 5 wolol WE AFFA A Ak Table 1-48

pal
Fa Aok §71 2] 25% HUbe whE ATl Bl AR ARl A=

3}

BEFo]l YESS(P=0.095). =gt HA Z|gboll A L ofito] 25%E thAg A FolA T
& AgTtel vl dFsAZe] FoJHow JfAEE AoE YEFRF(P<0.05). o= 2
o] oFS FEHoE AT F s Fow Ay

Table 1-48. Effects of dried mealworm larvae supplementation replacing fish meal in diet

on growth performance of weaned pigs

Mealworm(%)
Items SEM P
0 25 5
Phase 1(d 0-14)
ADG(g/d) 244 256 241 4.92 0.095
ADFI(g/d) 368 376 368 7.73 0.676
G:F(g/kg) 663 681° 655" 6.12 0.024
Phase 2(d 15-28)
ADG(g/d) 436 442 417 7.19 0.069
ADFI(g/d) 715 711 676 16.06 0.211
G:F(g/kg) 611 624 617 14.72 0.814
Overall(d 0-28)
ADG(g/d) 340% 349° 329° 3.98 0.010
ADFI(g/d) 541 543 522 7.92 0.149
G:F(g/kg) 628 643 631 11.82 0.644

*® Means within a row with different superscript differ(P<0.05).




O YA 23hE @ olfAhs Al W 299 7Pt 9d4h &skE Ade Table 14990
BRSNS B ATl o3k A1t o] Al Apol= yEA] eF5(P>0.05). SHAIRE A
7] AA=Z(DM)Z} AYA(GE) &sl&o] /dxE o] YR DM, P=0.081; GE, P=0.078).

Table 1-49. Effects of dried mealworm larvae supplementation replacing fish meal in

diet on nutrient digestibility of weaned pigs

Mealworm(%)
Items SEM P
0 25 5
Phase 1(d 14)
DM 85.51 87.03 85.80 0.47 0.081
GE 84.57 86.57 84.94 0.61 0.078
CP 83.07 83.26 82.28 0.35 0.146
Phase 2(d 28)
DM 87.11 86.15 87.43 0.52 0.226
GE 83.44 83.08 82.45 0.63 0.549
CP 81.46 81.87 81.38 0.99 0.933

O g W d7 24 : AkR W 2ge] H2PE d9 Wl dell vA= &2 Table
1-509F 25, 29 H7k= Aok 7] d9 Aol A9 Aol foH ]l Aol

© BAHA A SkE(P>0.05)

Table 1-50. Effects of dried mealworm larvae supplementation replacing fish meal in

diet on haematological traits of weaned pigs

ltems Mealworm(%) SEM p
0 2.5 5
Phase 1(d 14)
WBC(10°/ul) 19.26 19.83 19.43 1.32 0.831
RBC(10°/ul) 6.26 6.01 6.22 0.15 0.453
Lymphocyte(%) 55.27 56.62 61.06 2.01 0.138
Monocyte(%) 4.92 4.87 4.83 0.48 0.992
Phase 2(d 28)
WBC(10°/ul) 21.28 20.32 21.21 1.68 0.469
RBC(10°/ul) 6.55 6.60 6.11 0.17 0.122
Lymphocyte(%) 58.30 60.25 57.68 4.33 0.909
Monocyte(%) 4.45 4.35 5.93 0.52 0.085




O df Wl cytokine #HIFF B AHAL X5 ¢ o] fAk= AbR Wl 2o U I W
cytokine wH| I} AALA| o WX = S Table 1-510] UEM S, Abs U g9
A7be 4% IgG FAE i or Jides Aoz YEbRtan(p<0.05), ©7] IL-6 74
sk 3ol WEbE(P=0.052).

Table 1-51. Effects of dried mealworm larvae supplementation replacing fish meal in

diet on immune response and fecal score of weaned pigs

Hem Mealworm(%) SEM P
0 2.5 5
Phase 1(d 14)
IL-1B8(pg/mL) 14.10 14.27 14.23 0.64 0.980
TNF-a(pg/mL) 123.14 112.85 121.79 14.08 0.855
IL-6(pg/mL) 5.05 2.34 3.94 0.72 0.052
IgG(ng/mL) 10.85 17.75% 14.95° 1.79 0.048
Fecal score 2.64 2.61 2.28 0.25 0.530
Phase 2(d 28)
IL-1B8(pg/mL) 10.53 9.30 10.29 2.08 0.906
TNEF-a(pg/mL) 161.36 140.20 150.49 14.82 0.611
IL-6(pg/mL) 3.35 2.63 3.47 091 0.782
IgG(ng/mL) 18.37 25.70 26.86 3.82 0.264

*¢ Means within a row with different superscript differ(P<0.05).

O 4% morphology : °lfrA= Azl W] HIPF &% 2E =
Table 1-52¢} #5. 2o wojol W& §x4o], gzlo] B o]/ Eotzlo] H&
oM AElrzke] oAl abol= TAE A & %k=(P>0.05).

O =g AA » AA(18E 99 7I%) o 7HA 2,500/kg, EHe] AL 1,900/ kg
o2 °F 600/kgel 7+A ztol7b AT LS AmAbRel oS WAISt] 5% ARS8t
e W, A=A 742 309 /kgel Aitaabrr dAste], "2 AbEALRC] AREE

T ool WAZE 7hed et A,

=




Table 1-52. Effects of dried mealworm larvae supplementation replacing fish meal in

diet on small intestinal morphology of weaned pigs

ltems Mealworm(%) SEM P
0 2.5 5

Villus height, um
Duodenum 584 579 578 13.23 0952
Jejunum 521 541 539 1850 0.718
[leum 445 426 467 19.34  0.350
Crypt depth, /m
Duodenum 324 317 330 1447 0816
Jejunum 330 355 349 1464 0473
[leum 265 270 268 12.63 0964
VH/CD
Duodenum 1.82 1.86 1.76 010  0.783
Jejunum 1.64 1.53 1.55 011  0.788
[leum 1.73 1.58 1.74 0.07  0.270
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Figure 2-1. Feed intake(g) in broilers(P<0.05).
(Feeds were supplemented with mulberry leaf’'s powder at 0, 1, 2.5 and 5%)

F7F Fo3 & S Aol S A% A= Table 2-39] A
I A SRl dAs] A (P<0.05). ©] A= H
eS|

. Aspartate

= O
creatines ApZol oo

(P<0.05).

Table 2-3.

w2}

e A gRTe Aol

[e5] Kol
111\9\}]\13-

45

A AT felHow Pasas

in plasma of broilers provided for 3 weeks

Effects of dietary supplementation of mulberry leaf's powder on biochemicals

Blood parameters

Dietary mulberry leaf’s powder

0% 1% 2.5% 5%

Glucose(mg/dL) 218.6+31.0 209.8+16.6 212.3+11.3  186.4110.5
Triglyceride(mg/dL) 31.941.7° 34.8+33* 289441  20.3+1.3°
Albumin(g/dL) 1.2+0.0 1.2+0.0 1.2+0.0 1.1+£0.0
Total protein(g/dL) 3.4+0.1 3.50.1 3.2+0.1 3.3+0.1
Phosphorus(mg/dL) 6.710.1 6.910.2 6.61£0.3 6.710.1
Aspartate aminotransferase(U/L) 2263+0.1b  338.6+0.2*  203.9+0.3°  225.0+0.1°
Calcium(mg/dL) 10.9+0.1 10.6+0.2 10.5+0.2 10.8+0.2
Uric acid(mg/dL) 3.910.2 4.6%0.5 41+0.5 3.9+0.3
Globuline(g/dL) 2.1+0.1 2.2+0.1 2.0£0.1 2.2+0.0
Cholesterol(g/dL) 156.915.5 146.617.4 164.619.2 144.945.8
Creatine(mg/dL) 0.04+0.01*  0.00+0.00°  0.01£0.01°®  0.00+0.00"
Ammonia(umol/L) 353.7£18.9  342.1+259 308.2+16.1 295.8+15.1
Amylase(U/L) 359.3131.0 460.0+33.1 360.4t454 382.1+33.9




O Figure 22+ ATHIE Yk 2. SA19] AT 24PS 5
g Akolofl ZFol7t S, ©H], AL H R 4FA = 5% A FolA] dlx=Tte] H]

3 froldo® Weks(P<0.05).

2000

Distarny mulberry leafs powder

1500 po% @B1% @25% a5%
5
S 1000
S :
X 500 B
o]
Weeks

Figure 2-2. Body weight(g) intake in broilers(’<0.05).
(Feeds were supplemented with mulberry leaf’s powder at 0, 1, 2.5 and 5%.)

O AT 100g T &7]e] FAL Holdx= ¥
b, 7hES Alel 2 E3 =AY F
314 WY 2 AolAP<0.06)2] FAE BAHNFY tEA FUIER oY, 5

o] A= #As & (P<0.05)(Figure 2-3).

15teka) o o] Alo] X F(P<0.065), B (P<0.054) 2 3] P<0.062)¢] At Zeo]
(]

7FFRAAIRE(P<0.05), "7 2ol dolelM= #2149l Aol /15 (Figure 2-4).
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Figure 2-3. Relative weights of duodenum, jejunum, ileum, cecal and abdominal fat in

broilers fed diets supplemented with mulberry leaf’s powder at 0, 1, 2.5 and

5% (P<0.05).
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Figure 2-4. Relative length of duodenum, jejunum, and ileum in broilers fed diets

supplemented with mulberry leaf’'s powder at 0, 1, 2.5 and 5% (P<0.05).
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S =49 e dwad, 28a 5SS §2E s s, w%o] w4 g
%)% 9 %k-S-(Table 2-4, Table 2-5).
Table 2-4. R T AT B opvedt 423}
T o9 A1 A 7 T o9 B A%

T % 752 | AlZ=HQI(Cys) % 1.344
kg % 68.03 | ™A 2 (Met) % 1.061
A % 484 | ol~I=EX(Asp) % 4.251
ZA 5 % 269 | E# S (Thr) % 2.407
Z 3% % 249 | A" (Ser) % 3.742
dF cal/g 4,936.00 | =FEAHGlu) % 8.572
4 mg/kg 6,842.33 | =g]4l(Gly) % 3.264
T mg/kg 2831 | %ehd(Ala) % 3.267
| mg/kg 1,405.88 | ¥ (Val) % 2.328
Eants mg/kg 431651 | ©]A&F2l(Ile) % 1.590
Atk mg/kg 1,827.18 | F2l(Leu) % 4.859
ity mg/kg 51.76 | EFo]=AI(Tyr) % 2.030
UEF mg/kg 421917 | Hd &ehd (Phe) % 2.170
2 mg/kg 4,539.82 | o]4l(Lys) % 3.451
opA mg/kg 9290 | 3]2E|d(His) % 0.981
EA} % 217 | °F27]d(Arg) % 4.088
A e % 6712 | =¥ (Pro) % 3.456
NDF % 2591

ADF % 9.57

AEZ A % 1.03

LA A 2 % 0.49
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Table 2-6. 'AHEE9] in vitro 23S 4

Particle size(mm)

Feed sources

0.1 0.3 0.5
Soybean meal 88.5 82.3 81.2
Mealworm 74.7 57.4 57.7

O WEEL] AEEAN H in vitro A3ME AVE WPoR S5t giFul 4l V)
Ao, 7]l diFuke] HUMES 100%= Hds uw, d9REds
0% (MWO00)(7] ZAFR), 25%(MW25), 50%(MW50), 75%(MW75) 2 100%(MW100) )3}
= ZF 59 Alm AgTE Az 55770 sEAAS TGS
O ARFTAZFE MWl A thx7ol ddet= =5 B (Table 2-7).

Table 2-7. BAZE w7} A9 dFTAZ (g)l A= Y%

Periods MWO00 MW25 MW50 MW?75 MW100 SEM
8-14d 16.65 16.58 18.60 16.15 10.53 3.04
14-21d 31.91 36.35 36.69 33.34 18.43 7.49
21-28d 62.64 64.58 56.56 39.82 20.00 18.78
28-35d 107.93 98.50 97.32 65.76 42.80 27.29

O 557+9] AL QTHLS MW25Tel Al 0.02 2831 MWS0To A= 0.072 ol 2 (MWO0)
oF H]zstlAIRE, tiFdl Al Eo] 75% ol e wie wA3% F7hekal & (Table

Table 2-8. YHEE wo7F SA19 AR & (kg/kg)oll VA= &

Periods MWO00 MW25 MW50 MW?75 MW100
d4-7 1.9° 1.21° 1.12° 1.05° 1.07°
ds-14 1.86" 1.67° 1.68° 2.00° 3.15°
d15-21 1.64° 1.68™ 1.78% 1.94° 2.64°
d22-29 1.57° 1.57° 1.75° 2.33° 3.96°
d30-36 1.57° 1.77° 1.75° 2.52° 2.8°
d4-36 1.63¢ 1.65¢ 1.70° 2.14° 2.85°

¢ Means within a row with different superscript differ(P<0.05).




O W3 Hat 719 FA(Table 2-9)¢ Zo|(Table 2-10) T3k MW25% A thzx=-<l
H7ro] Aol sl s

O webA flo] AxziE, o= 499 s
7} 2F& 3]

Table 2-9. B¢ SAC Z7IFA(g)el VA= F

[tems MWO00 MW25 MW50 MW?75 MW100 SEM
Proventriculus 6.58 6.70 6.50 6.25 4.98 0.70
Gizzard 30.90 33.58 30.43 25.48 23.65 411
Duodenum 11.13 13.13 12.52 10.93 9.03 1.59
Pencreas 4.83 4.88 4.53 3.85 3.13 0.75
Jejunum 19.72 25.18 26.18 22.18 16.53 3.96
lleum 16.18 17.07 18.72 16.28 11.50 2.69
Spleen 2.20 1.53 1.65 1.28 0.97 0.46
Ceca 292 3.22 2.76 2.57 2.38 0.32
Table 2-10. & woi7t 3549 &A1 A7) dol(mm)ol]l n== F&F

Items MWO00 MW25 MW50 MW?75 MW100 SEM
Duodenum 286.7 307.8 290.8 298.3 297.5 8.06
Pencreas 118.3 109 108.8 99 108.3 6.83
Jejunum 637.5 718 707.5 737.5 614.2 53.85
lleum 680 732 760 744.2 645 48.10
Ceca 1429 1624 150.4 135.85 124.6 14.32

O WALTE Folatd e uw, 35UHe] 7 YR WA= FFE Table 2-110] U}

B A=




Table 2-11. ¥

do

15 75971 35d ™ A9 Al VA= dF

o

Ttems MW00  MW25  MW50 MW75  MW100 SEM P
LDH 2800.0° 24363  2800.0°  1545.0° = 1464.8" 169.93 <.001
GLU 272.0° 2785® 2855  317.3ab  326.0° 7.86 0.096
ALB 1.42° 1.45° 1.28° 1.35ab 1.28 0.0212 0.024

TP 3.87° 3.92° 3.37° 3.65ab 3.33" 0.069 0.006

PHOS 7.02 6.58 6.60 6.92 7.40 0.134 0.293

Ca 10.10™ 10.60° 9.52° 10.80° 9.98% 0.174 0.013

URIC 3.83 4.20 3.50 4.60 4.97 0.302 0.517
AST 184.0° 216.0° 203.7° 1715®  136.0° 7.82 0.005
TRIG 47.0 48.0 475 71.2 67.8 4.038 0.116

GLOB 2.47° 2.45° 2.10° 2.30% 2.05° 0.053 0.017

CK 2036 2036 2000 1561 1511 136.66 0.376

AMYL 269.50 299.33 176.33 202.33 154.50 32.75 0.310
CHOL 12217 150.83*  133.33° 15033  131.33° 2.808 <.001
NH; 461.33 417.67 397.50 510.67 52417 19.8 0.174

*¢ Means within a row with different superscript differ(P<0.05).

2,
O

©)

AR A7HEA

SAAGEAR AHEE ALRS AVFE BA IS W, iRt s AlxzE AR (MWO0)
of nlal, Yol kgl wel MW25, MW50, MW75 = MW100 AbEolA 7]
AVRE 27%, 54%, 81% E 108%, F-7IAFEE 24%, 48%, 72% L 96% 27 A7VF =
7V} (Table 2-12).

upeha] dAel #4 sk ne@chy, shgAtRe WHRTS A Ae 74

Aol Grta & & Qg e olel@ vk 49 99 4% BEoR T
of gL Aol MAEE ugo] ;elE Holv], AR hFOE Trhste] A}
83 A9l wrke] A sbsAel R A9

Table 2-12. SA AFFA P AL 95 A5 U7F 24 (Y/kg)

Feed MWO00 MW?25 MW50 MW75  MW100
Broiler Grower(1~3wk) 573 728 883 1038 1192
Broiler Finisher(3wk~) 552 685 817 950 1083
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{

O o=y 9 wadiFeme] ubd ke 7M7f 634%, 55.31% 2 i FE T
o

-1 =
AHoz §-431t lysine ol ZH2 1.98%, 1.54% =

o FHbell Hle) W& Ao w e,

O THAoE AuHHU, gFuts T2 ALgsts dwld Alsarde] dgnt, SFaaF
A, dadiFdwo] AR A 7hed AoE AlmEE, 2\dx &AskE AFtelA A
AR 7heAds EEE E ¢ s A

Table 3-1. oA AlgAlde] A &4
wamw | SFF O SFF SFF o & Eyest
e (M=) (FFA (AR (FF) E=h (HlEA

AT (%)

T 14.01 13.70 12.37 12.73 12.91 12.30

EAS LR 7.50 7.77 8.44 11.12 13.30 2.23

Z A 3.48 3.60 3.51 1.84 141 0.82

NFE 71.68 71.10 71.56 67.05 68.10 68.46

ZA 5 2.20 2.70 2.89 5.04 2.52 10.77

Z3] 8 1.13 113 1.23 2.22 1.70 5.42

352 (%)

Ca 0.02 0.03 0.03 0.07 0.05 0.33

P 0.31 0.28 0.35 0.38 0.44 0.14

0.40 0.39 0.50 0.62 0.62 0.68

Na 0.03 0.03 0.02 0.02 0.15 0.03

mg 0.12 0.10 0.17 0.16 0.16 0.12

cl - - 0.17 - -

S - - 0.17 - -

Fe(mg/kg) 102 100 134 158 91.9 1050

B (mg/kg)

Carotin 5.51 5.42 498 - - -

Vit. E 29.90 27.05 25.67 7.85 - -

Vit. Bl 4.90 4.93 5.01 7.43 6.42 -

Vit. B2 1.45 1.20 115 0.77 0.64 -

Niacin 31.06 30.33 31.04 60.22 - -

Vit. B6 9.77 9.45 8.9 3.71 - -

*gEd, e RS ARANE




Table 3-2. Wz ALz 2} o] A4
Al B FEb ol i Eg S Fdd dagisa
ST (s (B (FEh) (B ) (=4h
AR (%)
T 11.27 13.40 11.16 7.90 7.95 7.89
Zeh A 46.24 44.78 4530 67.82 63.40 55.31
A 1.51 1.37 1.20 6.60 1.46 0.89
NEE 29.28 29.50 28.58 2.80 21.92 24.84
R 5.16 1.25 6.30 4.08 1.39 4.04
%35 6.54 1.70 7.46 10.80 3.88 6.95
FEH (%)
Ca 0.53 0.14 0.78 1.15 0.11 0.27
P 0.86 0.67 0.93 0.50 0.50 0.65
o}m] = 4k(%)
Cysteine 0.65 0.74 0.62 1.20 0.74 0.73
Methionine 0.59 0.77 0.58 1.41 1.83 1.30
Asparate 5.26 5.19 5.33 5.21 3.79 3.02
Threonine 1.83 1.69 1.81 2.79 211 1.61
Serine 2.32 2.20 2.30 4.20 3.22 2.52
Glutamate 8.40 8.66 8.61 9.15 15.28 11.51
Proline 2.54 2.40 2.26 3.98 6.40 5.75
Glycine 1.97 1.88 1.99 4.16 1.67 1.23
Alanine 2.01 1.95 2.01 3.33 5.85 4.16
Valine 2.08 2.02 2.15 3.25 2.86 2.32
Isoleucine 2.00 2.03 2.06 2.32 2.58 1.92
Leucine 3,51 3.44 3.54 4.81 10.43 7.79
Tyrosine 1.59 1.48 1.65 2.32 3.27 2.41
Phenylalanine 2.30 2.24 2.36 2.54 4.07 3.02
Lysine 2.78 2.83 2.84 3.96 1.98 1.54
Histidine 1.18 1.64 1.20 1.01 1.26 1.58
Arginine 3.28 3.64 3.36 4.09 1.80 2.45
e, ofvwike] Fe ARV|E




2) JTeF AEAAE] B A

O et ARAQOR ofAm, @l yxwul Aztoul FelojZu, whulze] JulAR
ELE =S ;1(7]—/\ ol ?_]_) glere —%ﬁé}ﬂ%(Table 3-3)
O obAbd, gu, Aghed, whuslel ETRA GRe 747t 2109%, 1447%, 1680%
1887%2 AN T AgAdoR Ago] 7Hed A oR Aba
O Eubyl welo|Zute fEFaro] 7t7h 8921%, 65%% HS. LEure] AL xuh
o =]

W2 (1.41%) 2 NFE4.45%) gHgo] vt
oL} NFE(16.5%) 2 2 -(14.6%)
7

AR Apgo] e Aow AR,

S A T S DU e
(FeR) (QEdAeh (G (1EdAleh) (b (3

S 1017 8.49 89.21 10.00 65.00 9.20
Zoh g 21.09 14.47 141 16.80 150 18.87
A 3.77 9.56 0.96 7.80 0.70 3.52
NEFE 44,51 47.79 445 42.20 16.50 51.89
A 13.99 15.64 3.43 16.00 14.60 11.44
Z5 8 6.47 4.05 0.81 7.20 1.70 5.08
B2 A (%)

Ca 0.13 0.34 0.28 0.26 0.11 0.05
P 0.66 0.57 0.19 051 0.03 0.46

“gudel yye ABIE

. In vitro 22318 A =¥ 7 R AMETER] 24

1) A= 38y
O Daisyll incubator(Ankom, Ny, USA)= ©]-&3lo] 2 step(ileal digestibility), 3
step(fecal digestibility) PIFAI2~HS 7|22 AR YAH0.5mm, 1.0mm, 2.0mm %

3.0mm) H HjFAZl] WE S 4SS S 5745 & (Table 3-4).

O A3y % 2 step™d #¥]+= Figure 3-19] Q°FH o] AU+




Table 3-4. &23t& S4& 913 2 B 3 stepd] vl¥=A

Treatments

T1 T2 T3 T4

2 Step(ileal)
3 Step(fecal)

4~6 hours 4~18 hours 6~6 hours 6~18 hours

4~6~18 hours 4~18~18 hours 6~6~18 hours 6~18~18 hours

lleal digestion (2 step assay) : : Fecal digestion (3 step assay)

Sample preparation
(Grinding, 0.5 mm, 1 mm, 2 mm, 3 mm target screening)
T

Oven dry
(100°C, 18 h)
) i ]
Pepsin
(pH 2.0, 4 or 6 h incubation)
[ J'
1 'l
Pancreatin
(pH 6.8, 6 or ‘IB h incubation)
T
i
I f
oy Viscozyme

1 (pH 5.0, 18 h incubation)
L 11

—

2) A3} 9 w1

Washing
(39°C Tap water, 95% Ethanol_99% Acetone)

v : i v
Oven dry
(80°C, 18 h)

) 1t v

Weighnning
[}
e e e s e e e e
Figure 3-1. In vitro 238 &A1Y

O T1 Aol A= &3kas Slsge w, 3 2382 Ao A7) ue
] 5

0.5mm¢%  uj

61.84%, 1.0mm< uj

3.01%, 20mm¢%¥ ™ 36.35%, 3.0mm% © 28.35%°]

284S JeER9on, B A288S Az F7)o Wt 0.5mme = 89.08%, 1.0mm<

39 ashg
LS

AFE dEY &
3 = %i?i‘r%

stE AXRS ol AskEo] =4 UEEoH,
T =A YE S (Figure 3-2).

o 85.26%, 2.0mm% W 68.38%, 3.0mm% ©w 59.14%°] AFES HIYe. JAHo=

PR
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Figure 3-2. %2 in vitro & 4

L

Shar (Wl =7 ¢ 4A17E~6A11E~1841 7

O T2 AT AE A3&& AN S u, I L& 4R A7]d wet
0.5mm<% W 67.74%, 1.0mm<%¥ W 58.07%, 2.0mm¢% ] 4559%, 3.0mm< W 31.42% 2]
23ES HEdeH, & &8s A 27]d wel 0.5mmY W 92.82%, 1.0mmY

w 86.00%, 2.0mm% W 8244%, 3.0mm% W 6515%°] A3ES HAL. AAH oz
3 2stE AFS Wi & 238 A3E W 28] =7 dHEken, 9]
(e}
=

7V Aesrs 3 R E4stEs BT =4 UERS(Figure 3-3).

T2

100.00

R0.00 -

W [leal

Digestibility (%)
5
]

2000 o m Facal

000 -
05 1 2 3
Particle size (mm)

Figure 3-4. 559 in vitro & A3& (&= 44 1H~18A17F~18A] 71

O T3 AT HE A3E&S IS #, 3 A& YA A7]d wet
0.5mm% W 66.68%, 1.0mm<% ™ 59.35%, 2.0mm< ] 44.40%, 3.0mm<% W 34.21%]
AstES Uetdilon, & AstEe A 2714 @t 0.5mme o 92.53%, 1.0mm¢
] 85.64%, 2.0mm<% W 77.39%, 3.0mm<% UH 63.11%2] A3&S HAS. AAHo=z
314 AstE ARS WE Y B A3E ARES W LSl #A YEReH, gAa7)

=T

b Aers 3 2 248 25 A Yelst S (Figure 3-4).
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2000 T—
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Particle size (mm)

H Jleal

B Fecal

Digestibility (%)

Figure 3-4. 9 in vitro 1= A&l FR: 6A7H~6A]1~184] 1)

O T4 AT HE Ast&S RIS o, 3% Ast&e gAke] a7]el uhet
0.5mm% W 66.14%, 1.0mm% W 61.43%, 2.0mm< W 50.68%, 3.0mm% w 39.39%°]
2skES UEidlen, & Askse A 2714 ek 0.5mme W 92.95%, 1.0mm¢Y
o 87.45%, 2.0mm% W 8214%, 3.0mm% W 66.45%° A23EHS HIS. HAHom
3 AstE ARS WEY & ASE ARS W &stEo] A vERen, Y4xa7]

7F AEaE B B 7 askE B A JES S (Figure 3-5).

T4
100,00
g W 1 '_-;-3 @
g 60.00
% 40.00 el
g 20,00 EFecal

000
05 1 2 3

Particle size (mm)

Figure 3-5. 9 in vitro 1= A3&(¥

=
o2
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Y
(@)
>
Y
13
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o
>
N
-~
1}
—_
oo
>
=

O TFAow HAuud, BE A & &stEo] FLsERYg 52 FFow B
glom olgst A= 7|E 4HZ in vivo 23EY FASIY S E, BEE wYx
AoA At Sl JAP7F AeaE ASES SUteke Ao E UER wgxzie] gy
A AR YRS A7)7F 8% 8l R AL ¢ Advtal ddE. sdT PR 7)ol A
= WG REe] SRS AstE S FUtele AR UERen, A AVEE AstE
o] S7h= Aol s SRl
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O ¥ A¥L in vitro A%HE SHE S 7| xAFo=E gFute FUT oA A4
st ool in vivo AP AT} FAAAE BASE] HA ALY A7) E Y
2715 gysta g A AAEAYEY AsEE 54T A

2. In vitro B L& °l 8T F=& ALEALY |87 H7}

7V, In vitro 38 238 AW g

O #A & Asb7|de] Aashatgyt FARSE AJA"HE JNEetr] 9fs Aol &oldtar A E
Zke] 9xkg Zo]7] 93l Daisy Il incubator(Ankom, Technology, Fairport, NY, USA)
& AH&3] in vivo &3 I FrASE 2711S 8 Y & (Figure 3-6).

O A~~~ 7HA S 43282 3 step, A~ 2 stepo® AR B4 S HAAlG)
o 247} Hit(fecal) X 3| (ileal) &3t&E AT 9 A3t A= Pepsin(powder,
>250 units/mg, P7000, Sigma Aldrich, St. Louis, MO, USA)E A}l-&-3le] pHE 202
2 2Agsiglon, &% Z7AE pancreatin(d x USP specifications, P1750, Sigma
Aldrich, St. Louis, MO, USA)E A}&3st3lom 43tde pHE 682 24st3la, did
o] A= Viscozyme(Viscozyme® L, V2010, Sigma Aldrich, St. Louis, MO, USA)

)

=

& AH&SFgl=T, o] H3tai+ arabanase, cellulase, hemicellulase, [-glucanase, and
xylanase & X &3t 9o, pHE 48= X433 Ab=e] A8tz Figure 3-2
of we} FAHo R HEsdon HEAsES 3 stepe AX Fo AEE ANFHS

S
4
0, 34 ABEL 2 step ol ARE AHe] TS,

Q9
oo

Figure 3-6. Daisy II incubator system
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O Figure 3-19| in wvitro 43}

&
e B o) ARS FYFHA S,
IVID or IVFD of DM(%) = [(DM_t-DM_r)/DM_t]] x 100

- IVID : In vitro ileal digestibility

IVED : In vitro fecal digestibility
- DM : Dry matter
- DM_t : Weight of the dry matter before in vitro digestion

DM_r : Weight of the dry matter residues after in vitro digestion

O Aol dA=L7lel 9%k Ak JdFe wAsk] s AR JAE 0.5mm,

1.0mm, 2.0mm % 3.0mm= XAt A7 2 AIRE AMERE 24 § A7)

HE FEsto] ALE-E(Figure 3-7).

FAH o3t AE 438(DM digestibility) <
[e]

G

Particle size
1| 05mm

Bl 2| 1mm

3 2 mm

3. Grinding

1. Particle size setting 2. Sample prep.

5. Vortex

4, Sieve
0.50 ~ 0.425 mm

O FTAAERE A AlRZ 7 @o] AMgHE 25

AAR)E AHEEFl o 9o Wl o3 FHlE AFEE F57 bagel @il FAE
sho] =W wj ks AR
-2 ATE EY AR FAE(STS, T, 2] gisk dAYsEE

j\},
o
=
Ry
>
>
b

g
=
—r
£z
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U gz 2 AR QAT in vitro 234l WA=

O T1 A& F-olA
) 61.84%, 1.0mm
A23tES YRSl o,

A w 85.26%,
= 3 a3E ARS WEg &

0.5mm¢%

2.0mm¢%

[P
AET5

O T2 AT W& A&
u] 67.74%, 1.0mm
askae UEhdgle,
o W 86.00%, 2.0mm<%Y

717} A

o

0.5mm¢< A

A& &

A= 3 9 AR A3

O T3 A7 = &3}
] 66.68%, 1.0mm<Y
23S YEhSl o,
o uf 85.64%, 2.0mm<%Y

= 3 23E A3 Wry

717}
&8
0.5mm%

AR &

Nt ALFE 8 D AR 23

O T4 A9 A= &23ES
0.5mm% 9 66.14%, 1.0mm%
askEs yehdglow,
e w 87.45%, 2.0mm<%Y

= 3G A3E AFS WEY &

AR A

2 | 53.01%, 2.0mm¢%

o 28E2 YA 716 ek 0.5mm<ed
ﬂ% 68.38%, 3
kel o = UG N iﬁ]—

o] 58.07%, 2.0mm<%

o] 82.44%, 3.0mm¢%
2 3% 4A3tE AFES "rRo & 4A5E AHS W 28Eo] =4 e

o 77.39%, 3.0mm

BoOX

-

o 61.43%, 2.0mm<

o 82.14%, 3.0mm<%¥

6‘01:

O

, 3 AskEe gAre] A7l wet
u] 36.35%, 3.0mm<% W] 28.35%2]
u] 89.08%, 1.0mm
59.14% 2] 2388 B
ARE W Ashgo] w4 veon,
A ek
w, 3 AsES JAe A7)l ot
u] 45.59%, 3.0mm<% W] 31.42% 2]
AA A7]1o el 0.5mm<e W 92.82%, 1.0mm
g 65.15%9 A3ES BlS. dAAH o
WO,

3.0mm¢¥ AA A o

238 uEE!

sh&2

P2+
A YEbs S
o, 3% 2s&2 dxke] Av]d uw}
mm& ] 44.40%, 3.0mm<% ] 34.21%2]
71el w2l 0.5mm<e W 9253%, 1.0mm
A o 63.11% % A3ES BHS. dAAL
23tE ARE W &A3tEo] H/ vEsoen,
T =A YERS S
s w, 3G AsE2
50.68%, 3.0mm<%
382 4R A7) whEl 0.5mme
o 66.45%2] £35S HAS.
235 AFES W AstEo] HA vEwen,

B

°l

£
592

35%, 2.0
SEE A% 2

o] ;{I_i

o)
=

3l o]

g A

5

PAe] A7lel et
u] 39.39% 9]
 92.95%, 1.0mm
A A A .

]X]_;_:L

717F 4255 3 3 2488 25 %7 YEle = (Figure 3-8, Figure 3-9).

O tisFete] 314 &skE2 65~82%E UWERSA=Hl widAZto] A, AbRe] 4Rt
7V ASFE FoHow Frtete AES UES Seaet Alas] BY, dA Ao
T AskE @S Bo] 2 Ao AT Mg oA biFEte] S ETTE 2
7F A Zom gy o)t Ans dubAel ddo® K44 9y Fxo| 7
gk Aom Az,

O hFuke] AE A3HE2 88~96%E HAle. Be 2olA 3% 4sts vy w2 @
= Blom wjgAzte] A4, AARAA) e FoHoR Frlete AdS H
g, I FFe] AR 238 RY RE A e 3 e S (Figure 3-10,
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TEHoR My, BE M HE 4A3Eo] Y AFEHU ¥ dIdo=
Hom o]zt Ay 7FEo| 4R in wivo 23S FASER S, B, RE Hjok
270 A AbRS] A ASFE AstEe FUMSE AR Yy ez gy
oA A= YA a9l e, Tdeh garav]el

&o) S/ Ao} aleg FASANS. WA, S50 A AFRDLE TIH 4A
3, 27 627 R U 1843 R AIRA 10mmeR AN 55l AELSE
of ool eE Ao ART, fFate] FolE T L 1~2mm YL AYshd
&8s B4 Abgo] bsatelE AR,
100+
R 05mm
32_ 80- Bl 1 mm
E - B 2mm
g 60- 3 3mm
0N
:ﬁ 40- Treatment, P<=0.0001
= Size, P<0.0001
™ Treatment*size, P=0.0001
o= 20-
0- L1
™ T2 T3 T4
Treatment
Particle | Treatment
size T T2 T3 T4
0.5 mm 61.49 *= 0.83 67.74 = 2.256 66.29 = 0.67 79.79 + 0.32
Tmunm 5§5.16 = 0.68 58.07 = 1.68 60.55 = 0.64 76.31 = 0.73
2mm [ 36.57 = 1.03 45.60 *= 0.26 44.94 + 0.36 71.20 + 0.40
3mm (27.39 + 1.29 31.42 *+ 1.57 35.30 + 1.31 682.62 + 0.41

Figure 3-8.

Lol 3% (ileal) 23t
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" 7 @R 05mm
.:.':‘ 80 El 1 mm
£ B8 2mm
o] i =
= 604 - O 3mm
4
L Treatment, P<0.0001
i Size, P<0.0001
s 204 Treatment"size, P<0.0001
L
L
u- Ll
T T2 T3 T4
Treatment
Particle | Treatment
size | T1 T2 T2 T4
0.5 mim E89.08 + 3.83 92 82 + 0.12 92 .53 * 0.05 982.98 + 0.16
1 mm 85.26 + 3.22 86 = 0.09 85.64 + 0.36 98.29 = 0.39
2 mum G8E.38 + 4. 87 B2 .44 + 0.46 T7.39 = 0.02 968.64 + 0.49
3 mim 59.15 + 0.54 65.15 = 2.32 63.11 = 1.38 96.58 + 0.55
Figure 3-9. <9 7 (fecal) 43h&
1004
Bl 05mm
=2
S B0 Bl 1 mm
2 q . 1 =@ 2mm
8 60+ 7 3 3mm
B
E"‘ 404 Treatment, P<0.0001
- Size, P<0.0001
@ Treatment®size, P<0.0001
2 204
0- Ll
T™ T2 T3 T4
Treatment
Particle Treatment
size T T2 T3 T4
0.5 mm |78.35 £ 0.37 81.16 + 0.12 79.79 % 0.32 81.59 + 0.22
1 T 75.21 £ 0.6 T79.74 £ 0.01 7&.31 £ 0.72 79.19 £ 0.24
Zmm |68.49 + 0.27 74.85 * 1.01 71.2 + 0.40 76.75 + 018
3 mum 64.231 £ 0.59 73.828 + 0.47 68.62 £+ 0.41 7T3.76 £ 1.12

Figure 3-10. th+4"¢] 3]%(ileal) 4~3H&
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1DD' - e —

2 il - ® @R 05 mm

= 80+ & 1 mm

= 8 2mm

- C 3mm

o

2 40 Treatment, P<0.0001

o

= Size, P<0.0001

s Treatment*size, P<0.0001

@ 204

w

0- T
T T2 T3 T4
Treatment
' Particle _ Treatment

size T T2 T3 T4
0.5 mm 97.18 + 0.52 98.41 + 0.14 98.98 * 0.16 98.45 + 0.13
1mm |95.31 + 0.41 98.17 + 0.47 98.89 + 0.39 98.92 + 0.12
2pmm (9367 + 0.25 96.54 + 0.49 96.64 + 0.49 98.79 + 0.20
3mm |88.85 + 1.47 92.90 + 1.88 96.58 * 0.55 98.00 + 0.35

Figure 3-11. th749] & (fecal) &3t&

r |
)
11
ic)
o
of
ok
oY
r
>
fr
Lo
tnp
o
)
o
ofp
ox,
Y
olN

7 Amu9) in vieo ARLTE 54 D FFARSFF, 29, Bh)she] W 2

ELNL
O AzE S5, Auv, i g AWE Az 100°Cel A 18413 23 F57 filter
bag(fiber filter bag 25m porosity, Ankom Technology, USA)<> acetone(99%)= Al &}
of FH|gE § AR 05gE5 9l HEISe. AlEE AT, filter bagt Al B AIEE
323 filter bagTAlE SASAS. A8 dAA7IE AFEA (Standard Test
Sieves, Chunggye, South Korea)E ©]&3l%f 1.0mm (0.850~1.000mm) % 2.0mm
(1.700~2.000mm) %] =L7]| 2 FH| 5k 5. 9] 7](Daisy II incubator, Ankom Technology,
USA)+= 39°C7F AH =S al3ls. A7 ARARSETSE, Ao, &1 32 o),
AAZ7](1.0mm Z 2.0mm), &3S A(3]E D dd)o=2 st Zhze] Ay E 12

HHE 0 2 filter bags H| 3} <.
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O In vitro A5 2352 ZAH37] 93 w YA 7R Y~aA~t)Ae] GAEZ 25
S wEhA, FALEEQ step)> H-2FOoR 4~6A oI, 423ES Y~ ~thF O
2 406N T18N7E o918 9, 2% @ UF sswAe A8E FFEANe 247

0.1Mel A pH 6.0, 0.2M°| A pH 6.8 2 0.IM|A] pH 4.8°] %l Handersen-Hasselbach
equations ©]-&38e] FAHKH,PO.) Y HHA7|(KHPO)= 789 5883 A=33
, 19 AstdAd A Fadt KHPO,& 0.094M, KoHPO,&= 0.0058M©] 1,

(o

2,

il

|t
i)

O 99 &gl A& HigH-2 4L incubation jardll 600mL £+5-8<H(0.1M, pH 6.0)=
Y3 240mLe] 0.2M HClS #H7Fells. =L %o 1M HCl =% 1M NaOHE ©]| &3}
pH 2028 %As}3 3. Incubation jarEs HiF7|ol FaL 39°ColA 307F HlE S
0.6g pepsin(250 units/mg, P7000, Sigma Aldrich, USA)¥ 12mL(0.5g/100mL ethanol)
chloramphenicol HPLC grade, C0378, Sigma Aldrich, USA)E #7}el3l&. AlE7F £
AT filter bags jarell ¥ F 4A3F vl SISl =

o] Astoll ARgE Wil 240mL $#FE&4(0.2 M, pH 6.8)°l 120mL, 0.6M
NaOHE #H7}stal pH 6.8% XA F-o] 24g pancreatin(porcine grade IV, Sigma
Aldrich, USA)E YL 6X3F s el &, vido]l 5% Fol filter bags 7L 39°C
o] mEegt &2 Mg Fo 95% ethanol®} 99% acetonel = ZH7} 534 A FH g &
80°C Ax7|A 18413t A=AZ ¥, FAE SAst 34 23ka& AMtsidls,

O 7|9 HlFRS Helal i &stel] dagh wldS vt 2ol AxslE. e
Astel] ALgE et 750mL $HE-89(0.1M, pH 4.8)S 92 5 #d7]olA] 39°Ce]
el gls. 1 %ol 12mL Viscozyme(Viscozyme L, V2010, sigma Aldrich, USA)%}t
filter bags YL 18A1ZF M galA . Mol T5E Fol fo A=d WU} FLd3)
7 filter bagEs A g F FAE SAst AEastES A5

O A4S Graphpad Prism(version 5.03)< ©]-&3}%] Two-way &AHE41(ANOVA)S

Ak, ZHEe] factorZ+ YAA7](1.0mm 2 2.0mm)e} A3}E(ileal, fecal)Z A A

2x2 ANOVA) 2 2H(P<0.05)A AR 1L, 4238 Wold gA=A7]0l wE fFolat

3l7] $13 Bonferroni post-testg A A5, Z2Fe] YEALE (ST, Aav,
el me 3 B dEastee] FolAE £4er] Hel dRAbRet 43

7to] factorZ A48 oM @x2 ANOVA), ABALE Ul QA2 7]e] me §o

7]
213t7] $13 Bonferroni post-testE A AI3FS =

b

O

2

],

ol
—~~

B~

o U
ﬂllﬂl FUlO 1= J\‘E

o N owE o

2) FHFALRY in vitro & A3 A

O _HA e dYAAEE g AL

K
%0
rlr
lp
»
;l>
DX
=)
!
=
=)
o
Hd
i)
ﬂoﬁ
2
M
rl
=2
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+(Figure 3-12,

CEI I R )

Figure 3-13).

SEERR

=
O HE+

242717 55 (1.0mm vs. 2.0mm)

o]
H

Yehtom,

WA UERSk S (Figure 3-3). ©|

il 2277k o] mel

9|

ZF=L71(1.0mm) ] A]

o]
1=

Zx} O
— =

o] AAERZ

93.39(1.0mm),

= th 4k

A azwf el A
87.86(2.0mm)

©)

97.44(1.0mm), 95.63(2.0mm) ©]%S-(Figure 3-2). & Z47kel

=i
=

S 2w H ™ NFE

=]
RLs

3

olny

2 90.74(1.0mm), 87.60(2.0mm) ©]1S. Al <]

(-
(-
or

)

Zol

TR

wK

w3,

) 237 9 gold Ao A}

OE

Hnolomw oz

3f

A el

o] 7714% 2 5.75%%= U}

o

o 3

Eashkee oA Bl

X

(294%)°] P E = Fou

o

o &
3} (corm hull)el] ©]

Ba7}

il oh ol A

S

I~
%T'T’

"
o)
o

A
i

(=

K

2

el 3

= 85~90% 2]

s}

thao] zfo] 7t Q1% =-(Kong et al., 2015;

7 7o

H o
— U

Park et al, 2016). ©] %]

Aoz Als .

Eis

Nfo
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Rice

Corn

E3 1mm

B3 2 mm

1504

B3R 1 mm

(%) Anpgnisebig

& 2 mm

(2%6) Anniansebig

Barley

Wheat

B3 1 mm
B3 2 mm

2 3
(26) Ainqnsebig

150+

E3 1 mm
B3 2 mm

(%) AnnquseBig

(P<0.01)

E

1]

of

88
o

el

71 (fecal) s}

1]
=

Figure 3-12. = FAFSE.9] in vitro 3|7 (ileal)

2mm

1

&3 lleal

B3 Fecal

3

B3 lleal

B3 Fecal

150+

g 8
(96} AvlnignseBig

in vitro 3)

w e

o

Figure 3-13. =7AF= 9] YA=17]
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a = B &= 3ol —~ @ /| il
B TIIAI & ™o g s |l D e S m MR g
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(Mcal/kg)
3.42
3.35
102

(Mcal/kg)
4.26
4.00
107

97.8
93.2
105

(%)

7.03
7.92
89

(%)
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(Mcal/kg)
3.69
3.66
101

(%)
91.6
92.3

99

(%)
5.76
6.18

arl(A)




ol

i

=
;Q"_

Foltkar w

°©

7}
0.691
1.320
0.523

N%Fol <F 8% 3

dAnl 30%
A

=

[

=

N =
[}

A
0.733
1.328
0.552

Al 6.8%

A
dnl 15%

e

T
.

AAnl 10%
0.725
1.439
0.504

20% 74

=
3

#ml 5%
0.726
1.333
0.550

o] A=A, drl 30% A Al

=z
A

eSS

0.647

0.550
el

]

o] 12%, 15% A Al 13%, 30% th

5> X

=

=z ]
=

A1
(G/F)

vl 5% Al Al <

vl 5% A Al

Al
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2018 5¢ 4UH-E

AT, T4
A

+3.09kg)= 2t

TG ZTere] AARE EATL AT
S8

Aol &S dE&THTY)E ALv 0% AT, T2e %
$24¥] S =(LxYxD, 35.92
FEEE AYPHEHYHE 1258 4x8F 3R o R o]

2] 31 7)

20184 7€ 23471A] 80U 7F

40%= A= g

T 4875 e WA= wiA|ste] Al TS AR S A4 AFTE AR H7E
T Table 3-8, A FAIR S A4 A= Table 3-99 5.
Table 3-8. Al @A S| #l v (S : %)

AFEYE HET(0%)  A17-(10%) A 227-20%) A 237-(40%)
e 73.321 63.019 52.716 32111
2= 0] g Fuk 22.107 21.966 21.825 21.538
=R g0 2.543 2.983 3.424 4.305
A321 Ak 5 (TCP) 1.105 1.072 1.047 0.998
pARE=: 0.300 0.300 0.300 0.300
2] 5] A 0.185 0.196 0.199 0.205
2}o] 21(78.8%) 0.185 0.192 0.199 0.214
vl EFRl Z )]s 0.100 0.100 0.100 0.100
njy| g sZeju) s 0.100 0.100 0.100 0.100
DL-H] 2] 2.11(98%) 0.039 0.049 0.059 0.079
E g 2d(98.5%) 0.014 0.022 0.031 0.050
A 31v] 0.000 10.000 20.000 40.000
DA 54 (Y /ke) 288.48 289.79 291.13 293.85
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Table 3-9. NG o] AL 2A

R HE=T(0%) A217-(10%) A 2|27-20%) I 2]137-(40%)
Dry matter 87.28 87.25 87.22 87.17
DE(swine)_kor 3503 3533 3563 3623
ME(swine)_user 3390 3380 3369 3348
NE(swine)_user 2480 2480 2480 2480
Crude Protein 16.00 16.00 16.00 16.00
dCP_kor 13.47 13.55 13.62 13.77
Fat 5.52 5.85 6.17 6.81
Ash 3.78 3.66 3.55 3.32
Calcium 0.55 0.55 0.55 0.55
Phosphorus 0.50 0.50 0.50 0.51
Available Phosphorus 0.22 0.22 0.22 0.22
Crude Fiber 2.83 2.70 2.56 2.30
Lysine 0.95 0.95 0.95 0.95
Methionine 0.30 0.30 0.31 0.32
Met + cys 0.57 0.57 0.57 0.57
Threonine 0.61 0.61 0.61 0.61
Tryptophan 0.17 0.18 0.18 0.19
Valine 0.76 0.77 0.79 0.82

=
of AT 1%(average daily gain, ADG)
[e) = o
= = =

o
e
ot
>~
-
nl
i)
i)
oft
)
<
]
=
o
aQ
(@)
[oW
2
=
~<
3
[¢°)
[oW
5
=4
1Y)
~
LY

A ag&e dg=A=2S
AN el ALteral =

8 A =AF, SANTFA R sEAHE Ao, =5
4847k o] Fo pHe= AMA% A8 10gs 7T 90mLet 7] ++47](T25B, IKA Sdn.,
Bhd., Malaysia)= 13,500rpmel A 20%7F & 3te] pH™IEFB603, Metrohm, Swiss)=

S w. 7t (cooking loss)> AlRE AT FAGBem)ZE Awsto] X3 uo
FAskal 80°C F2axoA 1A MR F=27F 65°C) §- &7]1E A7skal 4°C
A QA ZE WER] Seof] 27] Ao tigk 7FE Al fHEFe] vl &S AL S
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O A7} Instron 3343(WarnerBratzler shear force) Instron 3343(US/MX50, AD Co.,
USA)S o]&3to] 545w, FHFOE ¢2.0%x2.0cm knife plungers ©]-83te] 4
tate] S43A. ol 54 2712 load cell 10kg , adapter area 30mm*©] <.

O ZAZH(Texture profiles)<= 0.20cm 274 ] plunger”’} 2t Instron 3343(US/MX50,
A&D Co., USA)S o] &3t Al8E dAA7IZE(=°] 2cm) TS compression strain
o] 70%7F x5 st 4 }213. 22 7+2 Bourne(1978), Szczceniak(1963) 1¥] il
Texture Technologies(2003) 2] Holl  o]a] 7 E(hardness, kg), EW 7 %= (surface

O

hardness, kg), H#A43 (adhesiveness, kg), F7d (cohesiveness, ratio), Er=A

(springiness, ratio), 71/ (gumminess, kg) 2 % (chewiness, kg)= o= 73] ©]
Ay =459 L.
O olgtetd 54 AL fla 542 ddgS 30wt A2l WA

| gt
(CR-400, Minolta Co., Japan)E AF&3ste] w3 WHPOE 53] wHHEsie] Wk

= [e}
(lightness, CIE L*), A% (redness, CIE a*) 4% (yellowness, CIE b*)& 743+

olwf FFAFHE 1#=89.2, a*=0.921, b* = 0.7832.% 3} 5.

75°Q)0ll ¥7AE o5 U A2 Adsh o
), AIZ(3.00 cm)E

i o
i
olf

)

>
>
=2
o,
ofo

ol
ok
ot
o
2

AlmE EFete] AEskls 4”7“} o mes tigdfstal 3, A H o wA

= Ao RE AAglon, 8HE o RE 53 HEWHoR A S. 13w

Yz vhg, 582w & %Ur Ao R FAIEH st AR ITE AAEA S

O B Agor AL Ao thdt T4 EAL SAS(2018)E o] &3] AYEF EAHEA
[e)

g dojxl EE HlolBl= GLM(general linear model)S ©]&3ste] 4t 2418 &

3) A3 % nF

O Table 3-10& &4

v}

ﬂJ

A Awele) FolsEdl e SYNGES] AFIAS et
& ARl T FoUHQ Aol T e 2
wW(P>005). Aoz HE AAFL T3 U TAY T TIAL U B A9E

<
i

1}

O dGTAFADG)Y Z-Fol= A3t Fo4Ql AfelE HolA| ko, TIA T
7F T3 R T4 A@7Eoh w8 ks e AS(P>0.05).

3 AR AFARFADFD S 4, T47F 7H =74 vEbgew, TI7F 7H @2 g
et ey, #Fo4%1 2kol= YERA] 93k (P>0.05).
O Al d & (feed conversion ratio, erain:feed)> T47} 71 A UERREOW, A F-3F

O
1S/
v
>
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Table 3-10. S5 tha] Axvle] Folfzel e {4-EEY g 54
Dietary treatments
Items P SEM
T1 12 T3 T4
Initial weight(kg) 35.92 35.58 35.17 35.33 0.98 1.35
Final weight(kg) 110.25 106.92 114.58 115.67 0.30 3.54
Avg daily gain(kg) 0.93 0.89 0.99 1.00 0.14 0.04
Avg daily feed(kg) 1.56 1.61 1.66 1.66 0.52 4.56
Gain/feed(kg/kg) 0.60 0.56 0.60 0.61 0.56 0.03
O Table 3-11& S5 WA A

A 2 3
T #2149 Aol wolH] R

Table 3-11. <= A AaLv]e] o] 5o mE F4-05=9] =4 54 43
Dietary treatments
Items P SEM
T1 T2 T3 T4

Carcass weight(kg) 80.67 78.83 84.00 84.83 0.47 3.01
Backfat thickness(mm) 20.83 18.17 18.33 19.83 0.79 216
Quality grade" 3.67 3.50 4.33 3.83 0.45 0.38

! Score used in this study 5 = grade 1+, 4 = grade 1, 3 = grade 2.

O Table 3-12:= S5 thAl Aarv]e] H7bgdol we FA4vGEe 254 23=
Uebd Al 2445, pH A3 32 T1 2 T27F T3 9 TRt tAh 52 38 19
o}, ol H9l Aotz molA ekgLe(P>0.05).

0 AT EYu® 2 REUWHQ AdAE ATt fol2Q) Aolg melA
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THEE>005). B dsl Arols o AdT 7oA AoE HolA BHT
(P>0.05).

Table 3-12. 5= WA An| ] Fof 3 WE HX 9 SHEAL Ay

Dietary treatments

Items 1 — 3 - p SEM
pH 5.52 5.56 5.48 5.46 0.80 0.08
Cooking loss(%) 85.80 76.85 102.35 85.22 0.14 7.20
Drip loss(%) 9.39 10.18 9.26 742 055 134
WHC(%) 25.90 22.46 23.54 25.90 041 2.93
O Table 3-13:= 555 Al Ao Hrbeiwe] we HAvSE =52 S454 2

W5 vERA 29

O WEE YEE 74 L*= 9o]Z% Lightness=A L*=100> A (B Mojgtr] Hr}
v Ao Ao Jkgyolal L=02 A2 a*=802 a*=50K.U} Y HA Ho|H
b*=50-> b*=201.t} X Yellow’} A K. o] FzkollA Aol Xfolgh Fo] F4rhE-
A FRl A o] T ALYl YA|FEe] JAARD ArEal & F de. PAH R AL A
= HH A Zpolzt Fol v Aolal Azt A ztelrt glod FUg Mow Q1A

=)
O # FAAH WIS A Tl G AFTLT FARO2 £ 4 YIRS
(P<001). HAwe] Agal, WE AT dETRG feGoR B g e

& EF FAEY A9, BE AoTl daTen 2 FARE ege

Table 3-13. S%% thAl Aol ol FFel e EK M54 Az

Dietary treatments
Items p SEM
T1 T2 T3 T4

Meat surface color

L* 54.722 52.56° 53.85°° 5284  0.01 0.42
a* 6.79° 8.36° 7.05%° 8.07° 0.01 0.28
b* 246 1.19° 1.41° 1.59° 0.01 0.13

*® Means within a row with different superscript differ(P<0.05).
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O Table 3-14= S Al Ao A7l we SAH &=
1. o

T =X e} j=
O A7t @ 2Az AN NPT FoHQ Aolg YEA ke (P>0.05). ¥
54 A A, 4, b5, F0, 2 FEAA V5% Welq AET £

Table 3-14. S5 thA] Aarv] o] o] o] mE =59 §2d % dae 54 23}
ltems Dietary treatments b SEM
T1 T2 T3 T4
Shear Force(kg, f) 5257.07 549550 431848 4610.15 0.07 220.84
Texture analysis profiles
Hardness(gf) 11414.52 14775.08 1481243 12217.15 045 332817
Adhesion Force(gf) 90.23 62.76 103.43 10757 093  63.21
Springiness(ratio) 0.95 0.95 0.94 0.93 0.64 0.01
Gumminess(gf) 5879.89  7648.32 803045 684823 037 1683.44
Chewiness(gf) 5543.59 726152 7475.72 645278 036 1581.50
Cohesiveness 0.47 0.45 0.48 0.54 0.47 0.04
Sensory evaluation
Color 3.50 2.88 3.63 3.38 0.18 0.40
Juiciness 3.38 3.05 3.25 3.38 0.08 0.35
Texture 3.63 3.25 3.38 3.63 0.42 0.34
Flavor 3.38 3.13 3.50 3.75 0.61 0.34
Total acceptability 3.38 3.00 3.63 4.00 0.12 0.29
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A6 AFs AR 443 48 DA A2 L o)
1L F{-f AREAM A4 95 dA Ats A4 2 37t
7t 3R ALRAREY in vitro TASHY FAL
O WHE§] & pH XAF A3, BE ATECA pHZF w9 ZE A4 W9l 58 -

7.2(Hiltner and Dehority, 1983)°] <3li= o2 el we}, Al o] AFEH AlsA}

A5 WES BEA PO P& FA = A0 BUHAS

—_~
;%
Q
o
=
)
e
>_\

\—/

Table 4-1. Effect of different feed ingredients on ruminal pH

Time W& EEA bbb slhedt  EEw sIelEe SEM

6 h 6.80+£0.02 6.80+0.01 6.80£0.01 6.80£0.01 6.85+0.00 6.91+0.01 0.010
24 h 6.71£0.02 6.63+0.00 6.69+0.02 6.68+0.02 6.78+0.0

Rujole] AA4 AAHARY WG ?‘1%— H AR Ryu(2015)ell ¢J3td A& A4
o] 4T BF 1 vt Yolxlvta Hug. webs mdEe] AAdiAbE & X
gl o2 WehE(Table 4-2).

Table 4-2. Effect of different feed ingredients on ruminal ammonia nitrogen(mg/100mL)

Time  H4  EEA bbb shest  Emub sfelojEut SEM

6 h 048+132 0.65+1.36 0.33+1.41 0.01+1.45 1.68+1.45 3.08+1.55 0.251
24 h 1.06£1.55 0.73+1.70 0.44+1.87 0.03£2.03 1.44+1.73 4.59+0.19  0.365

O In vitro 71243} (IVDMD, In vitro dry matter digestibility) 4]

_P«
i,
&
i)
fol
N
=
>
L

NEe, T 1291 A5 RAuT B SHES HELer, Heuns ge
A5HE S UEblS(Table 43). T2l Zwuke] 39, ABAsEe] v R AL
S ANe AelohEure] A, AR AR wFEol dob AB&HE S vl

- 118 —




8l

A

S
= .

Table 4-3. Effect of different feed ingredients on ruminal dry matter digestibility(%)

Time

S

B w A

7papu e

FErul

7}7+ 2.8t

o

-

—

=]
=

“

NE

SEM

0 h

6 h

13.30+1.61 17.62+1.60

4.06+0.69

20.51£1.15 7.64+0.57

17.05£0.42 19.52£0.75 12.99+0.84 18.81+0.78 9.05+2.17

37.27+0.98

71.70+5.39

3.092

5.229

24 h 2553£235 39.96+2.53 25.97+0.38 28.64+0.32 17.10+1.63 127.38+0.49

9.231

O F 7= A

OO}:

Al A =

64

oj O

B =
Jer

KeR
T

[e)
= .
] o
Y =

H

}\c—)] 2k

ool =

[e]

(total gas production)<>

=]
s

3

T1, T2 A2 F-ellAl tiZ&=TET} v
FHApabEE], F7EQ Rk A 2] ol A
E e, Hydrogen® A3} 6 2 244 7te] thzT tin] 7pAbule]o
Methane 23 6 Al FhARAFEEE], F}7Levboll A O 253} H]%
AlZbeoll = FRAbaEER ] 9l 717 vhof A
TAE i?i%(Table 4-4).

&

Eal
S

A

Haro=

A7ke] 244

=]
S|

-
it

A]

[e)

T

SRl

P
v T

AL

=il

=

A2
A e

HAdHt= v gr

o)
=

47
e

rr

>
U R I

¥9,

Al

lo

oo

=

2

fo rlo 32

(

T
H

rir m[m

Z,:
./_":

]
t}

Table 4-4. Effect of different feed ingredients on ruminal total gas, hydrogen and methane

Time  Content R4 E|EA] FRALuREE Al x=d FRlefEE SEM
To(tiSaS 21.00+1.00 20.00+1.00 21.33+0.58 21.00£3.61 7.00+1.00 0.00+0.00 2.136
6 h (fggiigj;) 0110.02 0.07+0.01  015:0.02  0.06+0.01 0.06=0.01  0.00+0.00  0.009
Mathane (34,005 0324002 039+0.04 040013 046009 0.00£0.00 0.021
(mL/VFA mM)
To(tijas 37.0041.00 52.67+1.15 43.67+0.58 41.00¢1.73 1633153 0.00+0.00 4.365
pa p Twdrogen 00000 0.00£0.00 004000  0.00:0.00 0.01£0.00 0.00:0.00  0.003
(mL/VFA mM)
Mathane 537,000 0194001 0264001 028002 0514008 0.00+0.00 0.028
(mL/VFA mM)

O ®WHE9] 3k AWl A S Table 4-5904 ByE A 2SS T13 129 & 34
AAke] A9, Wa 6AIF} 2441 7F Bl BHAHUE =7 ]/]'E]'/\)\——]/]' ElFJ]
the 3 YEwe. 25t A9 AEAstgd nivixE BE gz Hled
S R AN AAES Uehlg. sheldlEue] 49, A AW A
Aol ol RO AYT B £ gl v e ANHS Yuug
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Table 4-5. Effect of different feed ingredients on ruminal volatile fatty acid

Content,

Time M R4 El2Al FRApERE] ghgbeRt xwEb FRolefEEl SEM
Total VFAs 2683+0.07 29.05+029 2797+078 2596023 2217+056 19.17:0.03 0.840
Acetate  1585:0.02 17.784017 1647+051 1665012 1372032 1242+0.04 0.448
Propionate  6.61:0.04  7.23:0.07  6.66x016  558:0.08 527011  4.03x000 0.260
iso-Butyrate 014001  019+0.00  018+0.00  016+0.00 015t0.03  0.20+0.00  0.006

on nButyrate  3.66+0.00 327004  4.08+0.09  3.06+005 252+005  1.89+0.01 0.175
iso-Valerate 0313000 032000  0.33:000 026000 029+0.03  0.39:0.00 0.010
n-Valerate  026£000 025:0.00 026001  025:001 023+0.03  0.23£0.00 0.005
A/P ratio 240001 246000  247:002 298003  260+0.01  3.08+0.01  0.065
Total VFAs 3375:213 4674151 44.89:034 4394052 3195015 2326:056 2.062
Acetate  1974+138 27.70+0.88  2492+017 27.85+034 19.64+0.15 1548+037 1.124
Propionate ~ 7.29t079  11.79:0.66 1150007 1042:015 834:0.02 442011 0.634
isoButyrate  021+0.00  034+0.02 035001  027+0.03  019:0.00 029001 0.015

h nButyrate  555:0.05 5424024 6834012  436+0.07 3.00£0.02  212+0.05 0.388
iso-Valerate  045:0.01  0.63:0.03  0.74t002 050003 033000  0.58+0.02  0.033
n-Valerate  051:001  088:0.05 054001  056:0.03 046001 040001  0.038
A/Prato 271011  236:011 217000  2.67+001  236:001 349000 0.106

. FE AREARY

E9 A3 AdsA T (Relative performance index, RPI) ZA}

O 7} R AIRAYES FoR ¢ RPI 4 Ay, w9 &d 6 Aol EE
AZF BE ARTE FAM M e E%E HYoH, ggowt JAmE, MY
R 7R Rt SR UE . & 240l gl EHhE oA (outlier) = IH8}o]

AR 24 ARTHAME EEAZF M e FAE YRR, gEoss T}
ape], Zhzkent, By 8 xmuke] EME A YEHS(Table 4-6)

O 17 Fr AlsAY 54 24 Ay, zeuke AZsss 2 LA A Fol
Sl R} ALRE AREE] RS Aow pa. wa el Zue alddd v
9 e g g deAsE S4d] degons RRAAE Agdte] g =
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T AT 95, A T T8 A4 Zole JoTrg 2 orete] U es
AmzA §28 Aow ped
Table 4-6. Effect of relative performance index on in wvitro result
Time(h) H EAl FRAbepe] ghbed s ww) SEM
0 6.59+1.98 4.95+0.64 12.14+1.28 14.22+0.21 12.09+0.38  0.983
6 12.97+0.30 16.20+0.51 13.68+1.29 11.18+0.49 5.97+3.29  0.936
24 8.22+1.40 16.36+1.08 14.60+0.34 13.18+0.31 7.64+0.47  0.945
2 A% AEALL o §F A4 WS WY BE Y 9F
7F ZH AIBAYESY B - TH AR AR Table 473 2.
Table 4-7. Chemical compositions of different feed sources(% DM)
Content W@ ElmA xmwb selolZwh sy sbtodt el ujFw
DM 91.02 8880  90.22 2.89 85.29 91.18 89.89 89.40
CP 380 1052  11.08 21.06 9.49 13.18 22.21 7.00
EE 1.96 248 8.40 12.27 0.84 6.76 2,51 0.40
Ash 2239 930 5.64 12.67 0.47 7.48 18.81 10.10
NDF 6432 6786 6343 21.40 2413 28.05 45.38 30.00
ADF 4047 4139 4821 18.29 18.32 30.30 26.53 25.00
. 23 T ALSAAEY in vitro $EEA AL
O uWE$) WE pH XA AW, RE A TEolA pH7F wEe wE 44 welel
5.8~7.2(Hiltner and Dehority, 1983)°l &3t Z o2 UElde] wel, Alge AR&E A}
FANSE WA wad o AFL FA 2t AT BEH (Table 48).
Table 4-8. Effect of different feed ingredients on ruminal pH
Time A 2 ] o SEM P
6 h 6.84° 6.78° 6.90° 0.02 0.002
24 h 6.71° 6.70° 6.79° 0.02 0.006

¢ Different superscript in same row means significantly different(P<0.05).
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O ¢t Uote] A (ammonia nitrogen)t B¢ el @E S 5T ¢ Qe A=
gl dnyoetd] A4 54 A, g 6 B 2443t A vy

oA HAHT & FAE B (P<0.05 Table 4-9). & Al

ARSNGB A5 BolE

Table 4-9. Effect of different feed ingredients on ruminal ammonia nitrogen(mg/100mL)

Time w2 o =5 ] & v} SEM P
6 h 0.45 0.06 5.87° 1.14 <0.001
24 h 0.67° 1.24° 9.03¢ 1.63 <0.001

¢ Different superscript in same row means significantly different(P<0.05).

2318 (in vitro dry matter digestibility, IVDMD) =414}, g 2441k
Wlo] 7% WANT §o908 5O A5ES LS (Table 410)

=

O In vitro A=
o
-

7102w

Table 4-10. Effect of different feed ingredients on ruminal dry matter digestibility(%)

Time i o 4 n) &t SEM P
0 h 7.87° 9.54° 19.92¢ 213 <0.001
6 h 10.43° 11.44° 25.46° 2.44 <0.001
24 h 29.13° 24 48° 47.89° 3.60 <0.001

*¢ Different superscript in same row means significantly different(P<0.05).

N

2 Table 4-11°14 Xi= Bio} 5. L& 6A3F} 244
& A kel Aol Fo]H o 3 3k5(P<0.05). M
g rEo] v R+ alginic acid, fucoidan, laminaran & #8402 A
71 % alginic acid© EAFEFO] 59E~20WFe] A} ARAEE

L-guluronic acid®] o|dttFF= o] Folx 5. olgt =4
i kA gH(Beresford ‘&, 2000; Klinkenberg &, 2001).

O BF3EE WEsEolAs w59 vAEl o wart dojvha, w5l A ¢

=

T8 oluxdd VFA A Tk dFS WAA F(Greenwood 5, 1983;

Beresford &, 1999).
O & A7adel: mgute o] ST AAt Aol 7HE £ UEE S
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Table 4-11. Effect of different feed ingredients on ruminal volatile fatty acid

Time Coment wg  gF® W sEMm P
(mM)
Total VFAs 14.47° 19.00° 47.66° 3.18 <0.001
Acetate 8.67° 11.10° 28.62° 2.03 <0.001
6 h Propionate 2.92° 3.93° 10.95° 0.84 <0.001
Butyrate 2.24° 3.05° 6.02¢ 0.27 <0.001
Valerate 0.65° 0.92° 2.07° 0.11 <0.001
A/P ratio 2.97° 2.83° 2.61° 0.03 <0.001
Total VFAs  26.95° 30.17° 74.58° 8.33 <0.001
Acetate 15.89° 17.52° 42.69° 4.49 <0.001
u b Propionate 5.95° 6.32° 18.87° 2.26 <0.001
Butyrate 3.47° 4.57° 8.85° 1.00 <0.001
Valerate 1.36° 1.75° 4.18° 0.59 <0.001
A/P ratio 2.67° 2.77° 2.26 0.13 <0.001

Y A/P ratio, acetate/propionate ratio.
*¢ Different superscript in same row means significantly different(P<0.05).

O & 7F2 A= (total gas production)> WFHF=9IU Als &g H 7o
A e F 7t AAAFL 6, 24 At BT Ul v gl A
oJHo R =& FXE YEFHS(P<0.05). Hydrogene MAHFS Ha 6
Z tH] i3 v gutel A Al Yt Methane 7F

>
ol
rlo
e
fol

6
oM wz=77F 7Y =A vEbaL, 24 ARt A= tiE2el A TR A YEE S
7

=
Ao or e e Tas oAlsA fe Ao wE QS AR A

8915}9] &(Table 4-12)

Table 4-12. Effect of different feed ingredients on ruminal total gas, hydrogen and methane

Time Content 2 ) F5 n| o vk SEM P
Total gas 10.00° 19.50° 19.67° 153 0.001
(mL
Hydrogen b a a
6 h (L VEA M) 0.003 0.001 0.001 0.001 <0.001
Mathane c b a
(mL/VFA mM) 2.140 1.770 0.080 0.100 <0.001
TO(tIﬂL as 41.500° 44.500° 59.670° 2.630 <0.001
Hydrogen 0.006° 0.004° 0.002° 0.001 <0.001

24h (mL/VFA mMm)

Mathane b . R
(mL/VFA mM) 5.690 6.720 0.130 1.250 <0.001

¢ Different superscript in same row means significantly different(P<0.05).
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Table 4-13. Ruminal in situ dry matter degradation and effective degradability of

alternative feed source

Degradation

Parameters & EHEAL FRAbRE] gbhest mRp o diSup weEl SEM
a(%) 25.068  24.819 49.819 4719 36714 32865 19495 4383
b(%) 29.667  44.222 40897 27091 13699 40242 61417 5708
atb(%) 54734  69.041 89.968 74908 50413 73106 80912 5273

c 0.024  0.021 0.015 0026 0023 0060 0.049 0.006
EDY(%) 41249  47.469 66598 63129 44041 63046 63110 4.068

! Calculated according to @rskov and McDonald(1979) with a rumen outflow rate of 2% for all feeds.

3.

5y

#% in vivo NS BF ARH JHA Bt 2 ARAAY FAH 37

7h AR AY@Eteh e Adedy Bt

2
=
N
=
=
5
=
Q
=]
Z
o

LS A7 %, ThAl IN NaxCOs &9 03mLE H7stea £
90++-7F WHS-A|ZFS 720nm 2] T%%Cﬁ](Optizen, Korea)ol Xl &4 =E SANS.
Z2 9 =T F2 gallic acid(Sigma, USA)S EwEd =23t A3+

O AAtE = u Ay AEIFS 7]%2i T 37 TR AEARE AFE e
(Table 4-14).

O Al@AtR 3F3 Zeldls A7l 47FA(0%, 05%, 1.0%, 1.5%)= A8 5.

O WA Ayt FaE S28Q 5% 2504 AMFA AL, 4539 7 =ol 2y
A H2g7]el wHo} 01%'5}‘5\%. A A REEfIeNe] AR dRE A7 s AsiA 23

e
= H

& F=°] €5% AlS 01mL9 phenol reagent 1.0mLE 33 $of 29
= e
[e)

!
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Table 4-14. Information of diet used in experiment

T Diet A Diet B Diet C

Zehil (% DM) 16 16 18

(% DM) 40 30 30

A5 (% DM)

o 10 8 17

chuljs 10 12 0

a2 40 15 15

iRt 20 35 40

&zt 20 30 28

A 100.00 100.00 100.00

CP 16.37 16.479 18.5

NDF 31.91 44.836 439

EE 291 2.429 2.3

Ash 5.12 6.71 6.8

NFE 43.69 29.546 28.4

Starch 40.136 29.3285 29.6

O W9l pH W3} 54 @ uk59] pHe wige] Fu5d A@He] wF A& 50mLo
tube= $ 74 pH meter(S20 Seven Eazy'™, Mettler-Toledo)E ©]-&3}o] njfo] T ¥
Sl =483

O F 7k TR, vg B $4 SA - wde] TRE AEHE 1589 WS A &
100mLe] F2]FAE o] &ate] S48, frelFA] qbe] 7hAE2 Zhadl 24
33l X3 e 7k Carboxen™, fused silica capillary column(0.53mm Ld. x 30m

length, SUPELCO, USA)7} “&&be] a1,
150°C= A o] 9= gas chromatography(HP7890, Agilant, CA. USA)&
!
9]

B

DR

Z710] oven 100°C, injector 150°C % TCD
o] -3}

&

o] o
aE=r

H
o

it
ol

=]
RN

o}

=
)]

3
O

i

9

O R oK(NH;-N) 352 Chaney®} Marbach(1962)¢] wHoll uwpe} 4=3)

< 4,000rpmoE A ko] s H 20 uLell phenol color reagent

[e)
25

],

of
38
EI o

O R

1mL¢} alkali-hypochlorite reagent ImLE ¢+d3] et A2 A4S Fh3A .
AAEe Alme 37°CY Fegxrled 15 *#F ¥y @ ¥
spectrophotometer(Optizen ~ UV2120, Mecasis, Korea)s  ©]&3}]  630nmol 4]
OD(optical density) #= S48+
O WHE=919 o 3 A 4k(volatile fatty acid, VFA)< Erwin 5 (1961)2] "ol ufe}
TR, A AL 2A o] A4S Nukol™, fused silica capillary column(0.25mm
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AF&-318l (R Development Core Team, 2010).
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Figure 4-204 B+ Z3 235 w59 dEyole] &
o) ZrEE e

91 = (Figure 4-2B)

oy of
5o o
oft

ol

(a) (b)
- 8.33
4.09 5.82 I j 6.20 6.08 5.95
D3 TO

Figure 4-2. Effect of dietary polyphenol, crude protein and starch content in diet on

ammonia nitrogen content(mg/dL) of rumen in vitro rumen fermentation.

O ME 99 FE} Feldlm heEel wEH £84 vud gl WAL &
= Figure 43914 Wi 3 28 2EMA FFe] TG wed 584 v
FFol Fhahea(Figure 434), FeEl A5zl Fhg web £g4 @
A

4 gheFo] S71alSla(Figure 4-3B).

{a} {b)
205.03 221.19 2.0 207.59

] I I ] I I l
TO

Figure 4-3. Effect of dietary polyphenol, crude protein and starch content in diet on

soluble protein content(mg/dL) of rumen in vitro rumen fermentation.
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Table 4-15. Effect of different diet supplemented tannin dose on rumen fermentation

Treatment”
P
Contents D1 D2 D3 SEM

TO T1 T2 T3 TO T1 T2 T3 TO T1 T2 T3 D T D*T

pH 6.07 592 592 594 613 6.05 6.04 6.04 611 6.1 6.1 612 0.01 <0.05 <0.05 <0.05
Total gas(mL) 138.67 112.33 117.00 117.00 135.67 112.33 11233 115 11433 11233 114.67 111.00 158 <0.05 <0.05 <0.05
Total VFA(mM) 91.01 89.14 87.61 8143 86.06 8691 96.53 86.88 89.71 86.74 9231 8942 257 0.648 0.209 0437
Acetate 53.02 51.09 4712 4273 5338 46.76 56.71 50.15 538 49.86 52 5137 195 0166 0.09 0.183
Propionate = 20.93 2234 2246 20.92 195 2261 2432 2204 2248 2217 2385 2269 055 0.188 <0.05 0.322
Butyrate 1399 1233 13.84 1352 1035 133 1212 1142 998 1115 1243 11.64 055 <0.05 <0.05 <0.05
IVDMD(% of DM) 533 5494 53.72 529 5501 5246 5146 5213 5221 50.67 50.78 5019 030 <0.05 <0.05 0.05

YD1, 40% starch with 16% CP; D2, 29% starch and 16% CP; D3, 29% starch with 18% CP; TO, No supplementation; T1, polyphenol
0.05%; T2, polyphenol 0.10%; T3, polyphenol 0.15%
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Table 5-2. Chemical compositions of experimental feedstuff

Chemical compositon

Sample

name A o TEUE =AY £Af 28w NDF - ADF - TDN*

R (%DM)E (%DM) (%DM) (%DM) (%DM) (%DM) (%DM)
e Q =)t 90.4 6.4 2.9 334 14.5 33.4 13.1 721
By 88.7 39.4 41 14.9 12.0 32.2 21.1 69.6
=5AH 85.4 15.7 1.3 57.8 27.5 56.7 47.8 61.4
FHAtul=2 HE 85.3 9.5 0.8 35.9 0.5 241 18.3 70.5
g 91.9 8.0 1.4 78.9 11.7 79.1 68.6 55.0
Al B =& 89.1 24.1 2.6 29.8 6.8 42.4 12.7 72.2
H A up 90.5 41.4 2.0 24.2 7.7 51.4 34.0 65.7
Ll 88.4 10.0 1.1 41.7 10.0 389 227 691
=34 86.2 22 1.2 315 3.7 69.3 38.2 64.4
T 89.8 523 6.1 253 49 29.0 15.3 71.4
n] e uf 89.9 222 2.5 39.0 18.8 454 26.5 68.0

ofufe] ~EFH 93.5 222 46.0 38.5 3.1 49.2 20.6 69.8

Z~H B o} & 91.6 17.1 2.0 495 10.7 56.5 37.5 64.6
Z=H|H]o}e] 89.5 24.6 33 445 14.8 50.7 33.4 65.8
o 2 87.1 5.9 21 28.5 11.8 30.0 25.0 68.4
wg-u} 68.1 9.8 3.2 0.3 13 28.5 18.9 70.3
o] ~EZ A 88.9 22.0 34 20.2 11.1 - - -
TRk 89.3 0.1 - 0.7 81.0 - - -

o @9 H%9s REAQS) GFBEL, MFPEL 2 S4FFS B}

A
%

O Y& AE 05g7 24t 8mLE Microwave vesseldl 713 3, wlo] 2 go] 1B

%] (Perkin Elmer Titan MPS, USA)W el A 153 &< 180°CE 7}=3}al, 600W of 1] =

i

ofN

7tste] EalE. e A5 9S 50ml polypropylene sample tube® & 7|3l Z&F

F4E TA7A A3 045um filter2 A 22 ZEH 3 T BA8 AZ2 AL}

0l

[e;

32
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O 3hA ete X uke] A9 do] 189ppme 2 HEH 7|+ 382 10ppm= =T}
2 Aor zAEY YA RN ALEEYE o AoR FukyE,
Table 5-3. Contents of macro minerals of experimental feedstuff
Macro minerals(mg/kg)
Feedstuff
Ca P Mg K Na Cl S

et Ak 13271.1 14323 38502  5485.7 83.9 6.9 12715.7
Zh et 3412 18141  2551.7 2291 - 0.9 181.0
=gF74mt 21.1 13211 12454 52381 - 0.3 2354.1
FhApup 7 vk 73402 19448 10752 42530 2372 7.4 4846.6
g 38363 9184 16624  5885.0 98.7 4.6 5804.3
A 2= 4905 103089  4627.6 181443 16684 0.5 13066.0
H A e 1550.4  1891.1 795.1 4452 189.5 4.5 -

o S=ap 31173 18256 17019  4221.0 61.0 2.4 4554.1
=322 789.0 211.9 4425 933.4 - 2.1 1392.0
TR 73921 50988 22836 162517 1327 7.4 14135.5
] &t 182468 9184 16624  5885.0 43212 4.6 0.2
ojmlo] ~EZ A 4402 19448 10752 42530 2372 7.4 -
ZHH| oL & 490.5 8089  4627.6 11443  1043.1 0.5 0.4
Z~®|H]o}<] 397.3 3502 37483  469.9 844.9 0.3 0.2

o 5= 31173 18256 17019 23212 61.0 2.4 6.7
ity 117.3 825.6 701.9 5211 28722 0.4 -
o] ~E A ] 52484 36202 16213  538.7 86.3 5.3 106.2
AR 15552 3814.1 192321  8538.7  3421.7 2407  1036.2
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Table 5-4. Contents of micro minerals of experimental feedstuff

Micro minerals(mg/kg)

Feedstuff

Co Cu Fe Mn Mo Ni Se /n
%t 2 x| af 1.5 163 132947 759.9 1.7 6.9 - 95.3
ey - 121 2213 - - - - 11.1
=e5AH 21 131 227.19 - - - - 12.9
FHAbuaka=7g vt 1.1 55 36946 761 0.5 8.4 - 329
Eiacar 3.5 88 23671 146.0 0.7 9.3 - 23.1
A 2= 1.1 2.0 1584  26.0 3.1 2.8 - 87.1
Rkl - - - - - - - -
R 0.9 41 24394 1260 07 3.4 29.8
HF I 3.3 10.2 43297 187.1 25 5.2 - 46.4
) &t 2.7 13 13671 146.0 0.7 33 - 55.2
ojmlo] ~EZ A 0.9 1.0 675.6  76.1 0.5 44 - 329
2Hnold & 1.5 0.7 1432 260 3.1 0.8 - 87.1
2~ E v o}2) 0.1 0.2 345 - - - - -
o2 - 2.2 5294  126.0 0.7 34 - 29.8
-} 0.1 - 39.3 77.2 - - - -
o] ~EZ A 0.1 102 4329.7 1871 1.0 0.2 - -
AR 45 15.6 33212 6435 62 0.0 - 98.2
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Table 5-5. Contents of heavy metals of experimental feedstuff

Heavy metals(mg/kg)

Feedstuff

Al  As F Cr Pb Ag Cd Be Ga Ge Sb Tl
%t 2 x| af 19464 - 112 177 189 - 32 - 1854 3960 14 662
ey - 01 41 - 55 - 19 - - - - -
=e5AH 77210 - - - - - - - - - - -
FhAbubE=Au 40772 03 3.0 314 - - - - 1316 - - 422
Eiacar 19691 - 18 193 - - 02 - 356 - - 585
A el = 482 - 22 - - - - - 126 - 03 11
Rkl - - - - - - - - - - - -
Bl Z=u) 6051 - 23 - - - - - 37 - - 89
) i 549.8 47 - - - - - 127 - - 14
) &t 391 - 02 13 - - - - - - - -
ofmfl ~ERH 20772 02 30 359 - - - - - - - 422
2HHlolYdE 23 - 11 - - - - - - - 03 -
2~ ¢ 1 o}2) S .02 - - o oo oo
5 241 - 05 - - - - - 13 - -89
wg-a} 51 - 00 - - - - - - - -89
o] ~E A - - - - - - - - - - - 14
TR 651 00 04 02 - - - - - - , -
2} g9 v S59-8 FEAAY HAdAZ HAE AL
1) AA 2 Wy
O vk Al3te] #e8+= AEE HEse 5§ 25gS FH A buffered peptone water(Difco

Co., Detroit, MI, USA) 225mL¢] %%l Hi stomacher bagoll Y& %
stomacher(easyMIX, AES CHEMUNEX, France)® 2 &<t 43} si3l&. 234

A H+ 9mL2 buffered peptone water(Difco)S ©]-&3Fo] 10812 AL X313 ©

_
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o, HFFE 02~290 cfu/gx10° WSR-S, 531 wurel As- FEsSi7E 290
cfu/gx10° o2 = YelY Bl ZA7F & Aoz wkd.

Table 5-6. Microbial distribution in experimental feedstuff

Microbial
Feedstuff B;Fc.iteilia Sctjf};}s:ecuosc E. Coli Listeria Yeast&Mold
(CFU/g<10%) (CFU/gx10%) (CFU/gx107) (CFU/gx107) (CFU/gx107)

<he} o x| uk 3.0 0.1 ND ND ND
7))k 1.1 ND ND ND ND
=g 0.4 ND ND ND ND
FhAfup 7k 0.2 ND ND ND ND
iy 7.4 0.3 ND ND 0.2
2t 2= 1.7 ND ND ND ND
Ry 0.8 ND ND ND ND
i ==} 0.2 ND ND ND ND
Z7A 0.6 ND ND ND ND
S 0.4 ND ND ND ND
Ry 21 0.2 0.2 ND 0.6
ofufe] ~EZH 7.4 ND 0.1 ND 0.2
2 H Mol & 0.1 ND ND ND ND
2~ HH]o}o] 0.1 ND ND ND ND
o =3 0.7 ND ND ND ND
Ry 5.0 0.9 ND ND 1.3
o] ~E 7 ] 13.0 ND ND ND 29

Tk ND ND ND ND ND
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AA B

ET8& N2 methanol/glacial acetic acid(98:2, v/v)¢ =& 1:1(V/V)i =33t g9as

ARgeto] BEES oF 10008 34 3te] stock solutions A|ZgF 9 Ochratoxin A T

gdo =z A83}9 . Aflatoxin Bl, Aflatoxin B2, Aflatoxin G1, Aflatoxin G2 ¥ i-&

Mo 2= aflatoxin mix ¥ 3= methanol® ©F 50H] 3]413}o] stock solutions A3

gk % Aflatoxins®] ZTE& NS R ALES 5.

AbE T Ochratoxin AE H=3t7] #1ste] of 250g9] A &&5 Y*=7] 600um =7}
S5 ANsEH7IE Es8te] 25gS A #E $ Acetonitrile/water(60:40, v/v)F= -8

100mLE Y3l Ochratoxin A7} % =% homogenizer® 10,000rpmoA] 27t =&

Re. FENS o¥x|(Whatman Nod)Z o33+ F A5 4mLE FHdte] 50mL
conical tube°l] 7 %—’ o]7]e PBS-buffer(pH 7.4, SIGMA) 44mLE F7}8lo] o
w7 oA £33 & IHES A A flete] AAER7IE 10,000rpmol| A 257
A SRS o]lF &Y AFS Immunoaffinity column®l] 2~3mL/min®] &S =2
3 A7l % 20mL PBS-buffer(pH 7.4, SIGMA)Z columns A& 3lo] 1.5mL
methanol/glacial acetic acid(98:2v/v)= back flushingS 33 A A|EHA] Ochratoxin A
g FEAZ S 1.5mLY £ Immunoaffinity Column% ZIA| A vialell HolA
3mLE THEAF. o] AlRE&NS wyt7]o A &3k & 0.22um syringe filter® Oﬂﬂ-ﬂ
T Ao 2 ALE-3}3 S (Entwisle et al., 2001).

AbE 5 AflatoxinsE AE3SH7] f18ke] oF 250g9] A& YAA7] 600um BE7F HE
5 AEEA7IE skl 25g8 HFS T methanol/water(60:40, v/v)FE&H
125mLE %3 NaCl 2g& #H7lsle]  Aflatoxins®] FE5 %% Homoginizer=
10,000rpmel Al 23-7F & ol o7]dl FHF 125mLE H7bete] 1023 =3
% oA (Whatman No4)= gt & o8 20mLE FH3] Immunoaffinity
column®| 2~3mL/min% F&£C2=Z FHAZ . 10mL SFT2 columns 23] A|H 3
% 1mL methanolZ back flushings 33] AA|slHAA AflatoxinsE +EAIA AlHS=E
AH&-3F = (Worner et al., 1992).

Ochratoxin A%} Aflatoxins®] A &HF41S 913k HPLC+ Perkinelmer series 2005 Al
SHSl =

> lj

Ochratoxin A 412 9Igt A SR Agilent Extend-Cis column(reversed-phased
column, ILD. 4.6x150mm, particle size 5um)& AF§3}o] 40°Co Al 10&7F 4183 =
acetonitrile : water : aceticacid(51:47:2, v/v/v)E AlZsl] o] 5oz A& AL,

42 1.0mL/min® A3} &

O Aflatoxinsg& w213}7] 93l Ci5 column(reversed-phased column 1.D. 4.6x150mm ,
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particle size 3.5um)¥} guard column(C18, 5um)< AH&-3F%1aL, 35°Col A 1021 4]
3l &, methanol : water(50:50, v/v)E A|Fste] o] sio =

mL/minZ A3} 5.

Figure 5-1. Chromatograms of aflatoxin and aflatoxins standard solutions in feeds

Figure 5-2. Chromatograms of ochratoxin A and ochratoxin standard solutions in feeds

2) A3 9 a3

o

AR Tl SAF ol o AAE FEA wBolEAd Wit #Hb dE2
aflatoxin B1, B2, G1, G2 ¥ ochratoxin Aol gt HdAdF7HE HAASHA 5. & AT
A R AEALRS] w#o] 54 LATFERA AYE Table 573 24

O feugls 732 AdFol dall 10ppb= AAdsta om Alzo] taix= A=
AbEE 50ppb, WIZHAFE S 10~20ppb® TFAgskal s A% AR 184 F 14

o] A&7} aflatoxin Glo] 9% Aoz YL, el aflatoxin Gl 2.9 FEF+

< 1lppb FEol e, s87]|EA 0= X VA y

© 2xot F=7F Adetd 543 WAy ool TF/]‘/]ra}Oﬂ}ﬂQ 3, Ei&, 7hE

A2, At g B wE S

=]

g7 B A g

©)

=2
il
o
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I
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O Aflatoxin B19] =7PH 3& 7|5 HY, v BE 2]E3 Almo] s aflatoxin
Bl TFo2X4 20ppb= Algtstar 9o, A% (The European Union, EU)2 Al&
oAt 7lEs A&ste] ZhSel wel 5~200ppbE AEA 385 st A& FE e
=3 Aol tis] 10ppb= AL o Al e A5 AR+ 50ppb,
g AR = 10~20ppbE FASIE AS. BAT AR 187 T 48 (222%)9] A&7}
aflatoxin Blol] Q9¢¥ ZHAo® YENS. Aflatoxin Blo] 29d FLEHIAE

O

S T

0.21~5.56ppb W12, Aflatoxin B1el

BE AR FEF EE wAE TP

Ak, W3, AdeEE Fo2 e

O Ochratoxin A9 =7HE &&7]F> T2 FHT7IA B A7E o] 794 &
AEE FE A-HE § FFd g 5~50ppbe] AR AL lom Alss
5~30ppbe] 7154 AAste] FAIska 91S. Ochratoxin Aol thgk -gvie} 5875
200ppb= A T2 I 7FEC HlE| tha =4 AAEY e B AFAME FHE FE

0rolo.
S A 4 -

A 5o+ ochratoxin A7} &5 A

Table 5-7. Occurrence of mycotoxin residues in experimental feedstuff

Mycotoxin
Feedstuff Aflatoxin Bl Aflatoxin B2 Aflatoxin G1 ~Aflatoxin G2 Ochratoxin A
(ppb/g) (ppb/g) (ppb/g) (ppb/g) (ppb/g)

%} o x| 8k ND ND ND ND ND
Zh7 e ND ND ND ND ND
=5t ND ND ND ND ND

e el 5.56 ND ND ND ND
iacY 5.44 ND ND ND ND
A e = 1.61 ND ND ND ND
H A ap ND ND ND ND ND
R ND ND ND ND ND
=34 ND ND ND ND ND
HFE ND ND ND ND ND
| &t ND ND ND ND ND
olmo] ~EFH 0.21 ND ND ND ND
ZEHH| o}l & ND ND ND ND ND
2=H|H]o}8] ND ND ND ND ND
o) =5 ND ND ND ND ND
wg-a} ND ND 1.1 ND ND
o] ~E 7 A ND ND ND ND ND
Tk ND ND ND ND ND
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2. fAE8 A R 7heEE 35 HSS ALRH TR B4

7h 3§ v 58 FEALY in vitro BHF9] HEEA
5]

1) 23 8

O W39 cannulaZ} F2E 39 (AF 450kg+30kg) ZH-E in wvitro W9 LA AP S
Ag AIFR fde AASIGE. sAEES] AlRE FFAMRS FAE(timothy)E
40:600. 2 3lo] A5 9 %%1%2ﬂ@m02]]m)%%¢1 AL, =3 vulE &
2o AONHER 59O

O FAAFEE 65°C dry ovenoll Al 24413 A7 A|E5 2mm screen® = 3 3 &
3cmx3.5cm =172 A A AFEE nylon bag(Ankom Forage bag: R1020)° A= 0.5g<
ko] heat sealing?t Uhs AHESFlE. AlEE A EHl= & AR ol AR A

of wkEfel FAE cannula® Fdte] AFH AL, 4719 cheese clotholl Z#A]
Oxfree N7t 31 ¢ H287]0 Ho} AFPAR utelals. o] ALR AAE A7 8
7] $13l cheese cloth® ThA] A2 Wl WEE9ei3} McDougall's buffers 1:29] H& =
=otsk v 0.3g timothy$t AE7F ©X 50mL serum bottleol] ¥ 7]/ (O, -free
No) & 15mLE #5353, butyl rubber stopper® aluminum capo.= U&3}3l&. 7} A
g7 WS 39°CE 120rpm shaking incubator(Jeio Tech, SI-900R, Daejeon, Korea)
oA AIZFE (0, 6 F 24X 7HE 3RHE O 2 S8 Gl
O 7k AT 54 2 AEAE 98l E£F] 3§, Weaton decapper(Weaton Co.,
USA)E ©]&3}% serum bottle®] aluminum cap % butyl rubberE 7] 3]—514 Hfj o olf o]
pHE pH meter(Mettler Toledo, MP230, Columbus, Ohio, USA)E ©|&3}o] S35+
O ¢EYol 54 98l phenol color reagent®} alkali-hypochlorite reagent@ 1l ¢} <]
FEYolLE WA & spectrophotometer(BIO-RAD, Model 680, California, USA)E ©]-§
}95-(Chaney & Marbach,

off

3td 630nmolA] O.D.(Optical density) @& T3k =4
1962).
O WY s AMFH F nylon bags TSt &< AP T2 ¥il Heidolphs

Rotamax 120(Heidolph Instrument, Germany)E ©]-&3}%] 100rpm 2.2 304 23] Al

% % 65°CY| dry oven(Jeio tech, Daejeon, Korea)oll Al oF 24A17F AZ=AIA A& ZHEF
= SA80E. s AsE2 TS V1EZFHRe ZolE Aok, o] ApolE FYTE V)
AgFe] MEER kst Tkl

O Serum bottles shaking incubatoroll A 7| ¥, serum bottle®] head space®] Sl+=
7h2= WS detachable pressure transducer 3 digital read-out voltmeter(Laurel
Electronics, Inc., CA, USA)E AF&3le] =43k 3l (Theodorou et al,1994), 9ImL X1
Al @ ¥ (Vaccutainer)®l] 7F~5 skl GCHP 5890 Gas Chromatography, Wilmington,

Delaware, USA)E AH&3te] 7k W wiet 315 9l =4 kS SA35IS.
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O F 3 At SAHES sk WY S 1.5mL E-tubeol 2F 3] 3,000rpm ol A
3t WAl FEste] AR YGAE AAS, 4F NS 0.20um syringe filter= o 7 5
HPLC(High Performance Liquid Chromatography, Agilent-1200, Germany)& ©]-§ 3}

Al AR FUFE 20ule] L, ol &2 0.0085N HoSOs= AHE-shaler,
42 0.6mL/min ©]%l5. Column 300mmx7.8mm Id. MetaCarb 87H(Varian, Palo

Alto, San Francisco, USA)E A& 3tlom, 2%+ 35°Col A AF&-313l &

Table 5-8. The pH level of culture fluids during the ruminal incubation in vitro of
experimental feedstuffs

Incubation Feedstuff
A
dme b WA ERA A0 wma owaw amr OV
g4
0 7.21 7.20 7.21 7.26 7.10 7.26 0.014
6 6.80 6.80 6.81 6.88 6.76 6.82 0.009
24 6.71 6.63 6.72 6.82 6.71 6.79 0.015
O FH duAR9 #E 24N F dRUYolE] AAi(ammonia nitrogen)] W3
Table 5-9° WERHA 5. AA] Aol Al NHy-Npwo] 2 Al #43] st

]
Rom, g 4N va FUFske AEFolde. B Aol A tixTel vl s
i =uk gl Qb= o] NHa-N $Hafo] =2 Fo|flor, o= A& J] RDP 3
Z7bgol ot we) U wAE @A Bl go] F7hskel NHyN Z7bdtkn ww
H vkt l-(Hristov 5, 2000).

3}
e
A
Fo

o

o

_4

.

Table 5-9. Concentrations of ammonia nitrogen of culture fluids during the ruminal

incubation in vitro of experimental feedstuffs(mg/100mL)

Incubation = I;iedstuff SEM
tme, b wd wwA 0D wwa wma ewp

0 1.96 1.96 215 1.43 3.44 1.51 0.654

6 0.48 0.65 0.60 2.62 2.88 2.57 0.258

24 1.06 0.73 0.06 3.89 4.26 12.73 1.044
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ATl A AELSES TaAFH AlE T8 24A 7R STkelE AESE YERY
Qar, B A vy 24A e xR Hit AEASES 3265% To = UERY
B Ao $Hs BE2YE B 28 307 JENGS

Table 5-10. Dry matter digestibility of culture fluids during the ruminal incubation in

vitro of experimental feedstuffs(%)

Incub Feedstuff
ncubation
SEM
: FIA B =
tme b wy ogwa NP gge www ewe
(e |
0 13.30 17.62 20.83 2.48 0.51 10.90 1.836
6 17.05 19.52 6.64 5.66 17.85 14.15 1.324
24 25.53 39.96 19.13 10.53 28.25 28.82 2.218

O X 5o vwg 247 5ot in vitro & 7}~ YA S Table 5-119] YERH S

£ 1 A5 24X 7R 57 ﬂb Aes YERSla, 2
ZT9 HAt FIM~ < 9% TwoZ YEh} 2
15

°F 30.1% Xt 2 o

Table 5-11. Amounts of production of total gas, hydrogen and methane during the

ruminal incubation in vitro of experimental feedstuffs

- Feedstuff
Inc.ubatlon Content FFAFAF B - - . SEM
time(h) " HEA Z= 2 ul A I R
Total gas 210 200 163 800 193 160 1.071
(mL)
6 Hydrogen 011 007 015 009 007 024 0015
(mL/VFA mM)
Mathane 034 032 050 051 050 048 0.024
(mL/VFA mM)
Total gas 370 527 390 130 343 343 3.014
(mL)
o Hydrogen 002 000 001 001 000 002 0.002
(mL/VFA mM)
Mathane

(mL/VFA mM) 0.37 0.19 0.32 0.79 0.24 0.32  0.049
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O W9 A Ak AL Table 5-12014 B 217 25, BE AHggolA Ta
ARE AFEFR UADHAA FTheke A4S JERAAT, a 244 7ol w etk

Table 5-12. Concentrations of volatile fatty acids of culture fluids during the ruminal

incubation in vitro of experimental feedstuffs(mM/100mL)

Incubation Feedstuff
tme h MM g g PP gy wze gep OV
T8

Total VFAs 1525  14.56 14.56 16.35 17.35 1722 0.287
Acetate(A)  10.02 9.54 9.54 10.46 11.21 11.09 0.168
Propionate(P) 3.25 3.11 3.13 3.53 3.69 3.68  0.060
iso-Butyrate  0.11 0.10 0.10 0.11 0.12 012  0.003
n-Butyrate = 1.52 1.47 1.45 1.74 1.82 1.84  0.040
iso-Valerate  0.23 0.22 0.23 0.33 0.33 032 0.012
n-Valerate  0.13 0.12 0.12 0.19 0.19 017  0.007
A/P ratio 3.09 3.06 3.05 297 3.04 3.01  0.010
Total VFAs 2683  29.05 2591 21.16 21.96 2585 0.693
Acetate(A) 1585 17.78 16.03 13.36 12.50 1547  0.441
Propionate(P) 6.61 7.23 5.67 4.78 5.16 578  0.206
iso-Butyrate  0.14 0.19 0.21 0.19 0.17 014  0.007
n-Butyrate  3.66 3.27 3.29 216 3.29 3.80 0.133
iso-Valerate  0.31 0.32 0.36 0.38 0.37 036  0.007
n-Valerate  0.26 0.25 0.34 0.29 0.30 0.29  0.008
A/P ratio 2.40 2.46 2.83 2.79 2.42 268  0.043
Total VFAs 33.75  46.74 3707 2650 4837 4324 1.882
Acetate(A) 1974  27.70 22.82 16.72 26.88 2422 0.949
Propionate(P) 7.29 11.78 8.18 5.82 12.32 10.04  0.580
iso-Butyrate  0.21 0.34 0.30 0.27 0.37 049  0.022
n-Butyrate  5.55 5.42 4.58 2.59 6.78 598  0.322
iso-Valerate  0.45 0.63 0.64 0.55 0.78 1.26  0.064
n-Valerate  0.51 0.88 0.55 0.55 1.24 1.24  0.077
A/P ratio 2.71 2.36 2.79 2.87 218 241  0.063
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o] Wk wa pH A Ay}, AAT FEALE] pHIF B4
UFE]r‘JrOﬂ w2}, Algel AbgE AbEAR
FA = Ao ® UERF(Table 5-13).
O WEEY ol gwld & oS5 7 v dEYolH A (ammonia nitrogen)w
?ﬁ?éﬂr-t— Table 5-149Jr T TE 6 B 244 ol A ZHH] o}l o] THA 52 9k5(P<0.05).
matter digestibility, IVDMD) &2} Z4#:= Table 5-15%}
2 g 0,6 2 2447 7oz AERold Zo] 7 = 9k-8(P<0.05).

N
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Table 5-13. The pH level of culture fluids during the ruminal incubation in vitro of

experimental feedstuffs

Incubation Feedstuf SEM
time, h CE IS T ESCE S NS [ B R st IS

6 6.84° 6.90° 6.86" 6.88° 0.02

24 6.71° 6.84° 6.76" 6.79 0.02

=4 Different superscript in same row means significantly different(P<0.05).

Table 5-14. Concentrations of ammonia nitrogen of culture fluids during the ruminal

incubation in vitro of experimental feedstuffs(mg/100mL)

Incubation Feedstuff SEM
time, h o oprleliERA  AEuloldE Aol

6 0.454 3.44° 4.82° 10.472 1.14

24 0.67¢ 10.01° 7.26° 11.68° 1.63

*d Different superscript in same row means significantly different(P<0.05).

Table 5-15. Dry matter digestibility of experimental feedstuffs during the ruminal

incubation in vitrd %)

Incubation Feedstuff SEM
time, h R4 ofpfe} ~ERH  gudoldE 2okl

0 7.87° 7.77° 16.16° 14.60° 213

6 10.43° 12.44° 21.45° 16.34° 2.44

24 29.13° 27.85° 44.52° 37.17° 3.60

=4 Different superscript in same row means significantly different(P<0.05).
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O W9 A At A2 Table 5-160014 B 23}
AEEe TE 24A el ZEHE ok E A H AoR U
24X el Al 2~El|B] o} E- ol 4] Propionate®] A/Ad o] 2

Table 5-16. Concentrations of volatile fatty acids of culture fluids during the ruminal

incubation in vitro of experimental feedstuffs(mM/100mL)

Incubation Content Feedstuff SEM
time, h Ha o] 2ERH AERobdE ZHHo}

Total VFAs  23.32° 21.78% 21.19% 18.66" 4.09

Acetate(A)  14.07 13.32 13.33 12.21 1.67

Propionate(P)  3.80 4.07 3.89 3.31 0.15

iso-Butyrate  0.43° 0.32° 0.29" 0.22° 0.01

n-Butyrate 3.09° 2.98° 2.65% 2.14° 0.09

iso-Valerate ~ 0.89° 0.63 0.61° 0.44° 0.01

n-Valerate 1.03° 0.47° 0.42° 0.34° 0.03

A/P ratio 3.70° 3.28" 3.43° 3.69° 0.01

Total VFAs  36.89 36.79 39.26 36.25 6.65

Acetate(A) 2348 18.58" 20.21° 19.31° 2.61

Propionate(P)  7.66¢ 9.85° 11.07° 9.58" 0.38

‘ iso-Butyrate  0.46% 0.51° 0.40° 0.38" 0.01

n-Butyrate  4.07° 5.52° 5.49° 5.09° 0.12

iso-Valerate ~ 0.58° 1.35° 1.06" 0.93° 0.01

n-Valerate 0.63" 0.98° 1.04° 0.95° 0.01

A/P ratio 3.06 1.89¢ 1.83° 2.02° 0.01

Total VFAs  50.12° 49.58° 62.26° 56.06 4.471

Acetate(A)  30.54° 27.94° 37.19° 34.75% 1.96

Propionate(P) 11.62° 11.96° 14.74° 12.41° 0.26

o iso-Butyrate ~ 0.48° 0.75% 0.69° 0.61° 0.01

n-Butyrate  5.66° 5.49 6.00° 5.48° 0.06

iso-Valerate ~ 0.89¢ 1.76° 1.53° 1.32¢ 0.01

n-Valerate 0.934 1.67° 2.10° 1.49° 0.01

A/P ratio 2.63° 2.34¢ 2.52° 2.80° 0.01

=4 Different superscript in same row means significantly different(P<0.05).
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O % 72 A% (total gas production)> WFFLIU] AR sll& H7be (HHA A&
dE A AF T 7k AT 6, 24 Ao A ZE|RokdEo] oF 43% % YERY %
< 7d3o] A (Table 5-17). Hydrogen®| A ZoA wa 6A|xHE 3 & ~eH|o} A&
3 2Hlo} ]2 WAsHA] ok

= 6, 24~3tdjoll A ofmpe] RE R o] Jh A YEAL
HE 24 ARl M= Bl 2 Aow UBlEa, A oR LMol =Y A

|3HA] 9= Aol wid BAdS ARAZ Aoz YEk

Table 5-17. Amounts of production of total gas, hydrogen and methane during the

ruminal incubation in vitro of experimental feedstuffs

: Feedstuff
Inéubatlk(l)n Content SEM
tme, 27 opule]aERA seuloldE A ulolel
Total gas, 16.67 7.00 11.33 5.67 1.53
mL
Hydrogen,
6 mLJVEA oy 002 0.02 0.00 0.00 0.001
Mathane,
mL/VEA my 032 0.49 0.23 0.45 0.100
TOtilngaS' 4033 36.33 56.00 43.00 2.630
Hydrogen,
24 mLVEA mm 000 0.00 0.00 0.00 0.001
Mathane,
mL/VEA mm 030 0.27 0.17 0.20 0.050

U 4848 284 S Y EF 2EAE A=

1) AR D AR

=90 FHo] ¥ AL Bgsty] fste] 22 5%9F AU 2B5% (B A% ET)E
g & ?

4 ZEAEE U vdgg o] 85t E3tE AMRE A 4
T3 &7 A A FEAEE A F35Q S (Table 5-19, Figure 5-3).
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Table 5-18. % UuALR A A% AR
7} (USD) A8 7 s =
T . = SR
DM CP TDN $* <kd e AN =

e} 9 =) vk 09 01 07 16 20 30 20 16 17

Sy 05 219 04 3 20 20 20 17 10
=d5AH 06 105 04 6 20 30 20 10 11
FHAuk=A HE 06 66 05 10 20 30 20 14 15

Eiacay 1.1 100 07 5 30 50 30 3 3 *
At 2] &4t 0.7 193 06 4 50 50 30 2 2 *
H A vk 05 230 04 2 20 30 20 9 8

i) = a) 06 67 05 9 20 30 20 13 14
34 04 11 03 15 30 20 20 15 16

HF 04 262 04 1 20 30 30 7 6

] & ut 03 67 02 11 30 50 20 5 5

ofufe} ~E=RA 04 101 03 7 20 30 20 11 12
2HHoHYE) 02 34 01 12 50 30 30 4 4 *
2 HH]ok(S)) 01 31 01 13 30 20 30 8 9

o 01 08 01 17 50 50 50 1 1 *
Ry 01 20 01 14 20 20 20 18 18

Yeast culture 04 8.8 - 8 20 30 20 12 13

TRk 03 00 - 18 50 30 20 6 7

F(307), sh0E)= &3
2 CP(45%), TDN(45%), A1=(10%) =22 27
, U9

g =5
xgﬂz%rg }; 7

&

= LA A3

3},

=]

— 152 —




s

ol

o

| B

A=A A

0
ﬂo
Ha

4 mAB =

A

A

2 A Azl ol o

“ =
= ¥

&5,

]

DEIRE

717 E 7}

)
5

] AL 5.3}

A4

=
=

ZALF O ZA

Kol
=

k

Table 5-19. Ingredients and chemical composition of fermentation feed

Treatments”

Items

T3

T2

T1

%
30.0

Ingredients

30.0

30.0

Peanut hulls

Xylitol

0.0
60.0

30.0

60.0

30.0

0.0
5.0

5.0

Stevia

5.0

5.0
5.0
%
90.7

Jujube powder

5.0

Molasses

Chemical composition

91.5

90.0

Dry matter

16.3 14.2

18.4

Crude protein, %DM

1.8
56.6

21 2.0
52.5

Ether extract, %DM

Crude fiber, %DM
Crude ash, %DM

48.5

10.8

96.6

8.4

57.0 61.3

52.8

Neutral detergent fiber, %DM
Acid detergent fiber, %DM

45.0

37.5

30.1

D Additive: liquid feed 25%
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A+ (Table 5-20, Figure 5-5)
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Table 5-20. Ruminal in situ dry matter degradation and effective degradability of

experimental feedstuff

[aa}
n
o
>
Q
—-—
N
)
fr=
p—
>
<
—-—
=
al
]
=
o3
R
T2
B &
(o]
>

9.060 32.865 31.653 3.203

27.48

a(%)
b(%)

5.364 40.242 29.410 4.488

21.562

7.577

14.424 73.106 61.064

49.000

a+b(%)

0.047 0.058 0.041 0.004

0.030

Effective

degradability” (%)
) Calculated according to @rskov and McDonald(1979) with a rumen outflow rate of 2% for all feeds.

12.822 62.788 51.421 11.507

40.375
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Table 5-22. &A% %71

TE H 3 Addad 7hA1E WA A

1 1368 2017-02-04 11.7 319
2 1151 2017-01-30 11.9 338
1 3 1251 2017-01-25 12.0 343
4 1187 2017-01-28 11.9 364
5 1274 2017-02-04 11.7 336
o] 2 6 0713 2017-01-27 12.0 396
7 1239 2017-01-27 12.0 336
2 8 0656 2017-01-26 12.0 302
9 0980 2017-02-04 11.7 295
10 8512 2017-01-31 11.8 278

ot 11.9 330.7
11 1511 2017-01-27 12.0 286
12 7474 2017-01-31 11.8 313
3 13 0696 2017-01-04 12.7 301
14 7060 2017-01-27 12.0 293
15 7464 2017-01-25 12.0 331
T1 16 8382 2017-01-01 12.8 358
17 8428 2017-01-04 12.7 356
4 18 0775 2017-01-30 11.9 307
19 8299 2017-01-06 12.7 341
20 8254 2017-01-05 12.7 358

a1t 12.3 327.7
21 7118 2016-06-20 19.3 488
22 1260 2017-01-26 12.0 288
5 23 0982 2017-01-26 12.0 359
24 7466 2016-12-03 13.8 482
25 8385 2017-01-05 12.7 361
™ 26 9429 2017-01-03 12.8 362
27 4497 2016-12-19 13.3 303
6 28 4443 2017-01-05 12.7 361
29 6323 2017-01-11 12.5 302
30 4158 2016-12-27 13.0 332

ot 13.4 339.0
31 0703 2017-02-03 11.7 250
32 7408 2017-02-02 11.8 311
7 33 1233 2016-12-23 13.1 518
34 1234 2016-12-23 13.1 295
35 0997 2016-08-03 17.9 296
T3 36 9182 2017-01-08 12.6 367
37 2092 2016-12-05 13.7 382
8 38 4438 2016-12-22 13.2 340
39 6267 2017-01-16 12.3 261
40 6068 2017-01-20 12.2 306

Hq ot 13.2 337.5
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Table 5-23. A ALF ] njgH] & U AR =
oy A 2] -
- o) =1 T1? T2Y T3%
vl H £, %
A AALE - 10.0 10.0 10.0
Base-3” 26.0 26.0 26.0 26.0
SRR 25.8 25.8 25.8 25.8
kg g A 10.0 - - -
<-4 (Flake) 5.0 5.0 5.0 5.0
ZEFHI= 4.0 4.0 4.0 4.0
™ A 9] 4.0 4.0 4.0 4.0
EapL Y 5.0 5.0 5.0 5.0
mf] 2 0.7 0.7 0.7 0.7
ojghg|Qteto] Lk 8.0 8.0 8.0 8.0
L Eat Ty 35 35 3.5 3.5
ozt Ax 3.0 3.0 3.0 3.0
AMAx 5.0 5.0 5.0 5.0
stetx4, % DM

AL 61.27 62.41 61.06 65.55
Z A 14.70 14.56 12.90 13.10
A 2.93 2.61 3.61 3.44
G 12.59 12.67 11.70 11.42
Z3| 7 6.12 5.93 4.69 5.79
NDF 31.88 35.08 34.77 46.18
ADF 16.13 17.71 18.09 18.77
TDN® 71.18 70.69 70.57 70.36

At 71E g E.

39, 30%; AALEE, 60%; ~HUMEE, 0% HNFE 5% TL, 5%.

g3, 30%; ALelE, 30%; ZHH ok E, 30%; A 5%; FE, 5%.

g9, 30%; ALdeE, 0%; ZHRlekdE, 60%; HFE 5% TE, 5%.

Corn, 34.8%; Wheat, 7.4%; Tapioca, 5.0%; Wheat bran, 16.0%; Soybean meal, 4.0%;Coconut meal, 20.0%;
Palm kernel cake, 9.0%; Vitamin/mineral premix, 3.8%(Contained per kg diet: Vitamin A, 18,000 IU;
Vitamin D3, 3,600 IU; Vitamin E, 1,500 IU; Fe, 120mg; Mn, 135mg; Zn, 135mg; Cu, 30mg; Co, 0.3mg).

9 TDN &3> 4.898+(89.796 x NEL), NEL = 0.7936-(0.00344 x ADF) &4< o] &

g & e

()]
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O 3k AA-o A&l A3t ARAFFS Table 5-240] HeEH S, EAIF0A H)

Table 5-24. &

7} FFFFo] E AFRE dlE7H(TDN 77.18%, CP 14.70%), T17-(TDN 70.69%,

56%), T27(TDN 70.57%, CP 12.90%) % T37+(TDN 70.36%, CP 13.10%)& ZtZ}

= W, AARAAZTE A AFE S5 AR A o 13.01~14.93 kgE A

SEEEEEREEE RO

A2
47
e T1 T2 T3
12 13.11+0.09" 13.01+0.09" 13.91+0.12° 14.12+0.15°
13 13.45+0.09" 13.35+0.11° 14.14+0.23° 14.51+0.11°
14 14.84+0.10 14.78+0.10 14.65+0.18 14.93+0.13
15 14.09+0.13° 13.45+0.09" 13.53+0.07° 13.70+0.07°
16 14.59+0.08 14.61£0.09 14.69%0.09 14.53+0.09
17 14.26%0.10 14.06%0.10 14.12+0.09 14.24%0.10
Mean 14.37+0.05° 14.18+0.05° 14.27+0.06%° 14.4+0.05°

** Means with different superscripts in the same row significantly differ(P<0.05).

ok

=

O 9 AAS-9 €38 A7 DEALFHFLS Table 52501 JERNAS. MAEZ A
8.07~9.49 kg& AHFAsIA oM, A A7z Bk 377 b ATl vls] HAF

o] &3k (P<0.05).
O FEXTH FAAEY F9ASEF2017)S] AMS FA4, vSel] sk dgan 8F
o

M gS o $A47](A%S 350kg, LLSAF 0.8kg/

), HSHAV(AF 450kg, LLTAHF 08kg/d) HIST7|(AF 550kg, LLTAH
0.8kg/Y)o] AEAHFHZFS 77} 7.7kg, 8.6kg E 89kgolgtal sIiEHl £ Al =
o] A ti(Table 5-27 #ir)ol z+zh oF 8.4kg, 9.2kg, 8.8kg FF o & - Ao U
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Table 5-25. &A1 52 A2 A& 3 HF(kg/day, A=7]1F)
. A 2T+
e T1 T2 T3

12 8.07+0.08° 8.12+0.07° 8.53+0.14° 8.97+0.09"
13 8.24+0.05° 8.33+0.07° 8.64+0.14° 9.22+0.07°
14 9.09+0.06" 9.22+0.06" 8.95+0.11°¢ 9.49+0.08"
15 8.63+0.08° 8.39+0.05" 8.26+0.04° 8.71+0.05°
16 8.94+0.05° 9.12+0.06™ 8.97+0.06" 9.23+0.06°
17 8.74+0.06" 8.78+0.06" 8.62+0.06" 9.05+0.06°

Mean 8.8+0.03" 8.85+0.03" 8.71+0.04° 9.15+0.03°

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

o

©)

4

M TDN 4] # &(Table 5-26)> 44

) F 557~6.67kg2 A oA %
o, 15714
|

8kg/3), WA (A%

o

T

_1

% 0.8kg/¥)2l TDNAFH ZF
M= o] A5 th(Table 5-28
A A7k A ol 4 (350~550kg A F ) A

z.u)oﬂ /
o]

Z}

5.30kg, 603kg 2 608kg0] 2}al 3

7} oF 5.94kg, 6.49g, 6.21kg
Y TDNAFHZFol & FF01%

Table 5-26. &A%< A28 TDNA H #F(kg/day, AE7]F)
. A 2] -
o) = T1 T2 T3

12 5.72+0.05¢ 5.74+0.06° 6.02+0.11" 6.31+0.06
13 5.87+0.04¢ 5.89+0.05° 6.09+0.10" 6.49+0.05°
14 6.47+0.04% 6.52+0.04*° 6.31+0.08° 6.67+0.06%
15 6.15+0.06° 5.93+0.04° 5.83+0.03" 6.13+0.03°
16 6.36+0.04" 6.45+0.04*° 6.33+0.04° 6.50+0.04
17 6.22+0.04° 6.20+0.04° 6.08+0.04¢ 6.37+0.04°

Mean 6.27+0.02° 6.26+0.02° 6.15+0.03¢ 6.44+0.02°

*®Means with different superscripts in the same row significantly differ(P<0.05).
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O 9 AAlS AdaAdE =did A3 F(Table 5-27)> 4 1.10~1.34 kg T+ 22 A
2od AFHEFo] B3 Al7I= M€ oler, 15714 " o] F 2= EoEU 5.

O sEAETH Fa3etd F9AFFREF(2017)9] AMS- §4, vSoll Jagh g a7
Frold AgdAE dd 2dd IS vuds W SY7I(AT 350kg, -
A 0.8kg/ ), HISFH7|(AF 450kg, YTTAZF 0.8kg/Y) HIHF7(AF 550kg, AU
SAZF 08kg/ Yol =A% Z7; 0.84kg, 0.99kg H 1.07kgel kil k3=
2 Alge = o] AT t(Table 25 FFar)ell 2+2b oF 1.16kg, 1.27kg, 1.21kg T8
ATl Al A A3 A(350~550kg A F )l Al B B 2HiES A FH S

Table 5-27. A2 A8 2dwWd HHAZ (kg/ Y, AE7T)

9% A2+

L En T1 T2 T3

12 1.18+0.02 1.18+0.02 1.10+0.02 1.18+0.02
13 1.21+0.01 1.21+0.01 1.11+0.02 1.21+0.01
14 1.34+0.01 1.34+0.01 1.15+0.01 1.24+0.01
15 1.27+0.01 1.22+0.01 1.07+0.01 1.14+0.01
16 1.31+0.01 1.33+0.01 1.16+0.01 1.21+0.01
17 1.28+0.01 1.28+0.01 1.11+0.01 1.19+0.01

Mean 1.29+0.01 1.29+0.01 1.12+0.01 1.20+0.01

O AIE A1z iR 12708l iz, T17, T27 % T3
397.9kg ¥ 3745kg® L EFLS.
1 T3 7H7} 547.3kg, 523.4kg, 558.2kg 2 533.8kg = L}E}
sk dlxT-9

A 2w gl

177§ 4 H ol =
o,
22k H7F AP HTL, T2, T3) Atelell & kel 7k glols

7}7} 369.5kg, 361.8kg,

gz, T19, T2

Ao Al

O weba] 2 AFoA FHe BI85 E 71E S48 TMR oF 10% 5 WAl st =
- AA -2l AFelE TAVE gl Aoz duy

Table 5-28. H-5-AA|-5-2] A2 AFws}
22 A8 T

o) = T1 T2 T3
Al 2+ A 5 330.7+10.9 324.4+8.8 363.8+22.1 332.6+24.5

12 369.5£14.0 361.8+10.0 397.9+25.0 374.5+28.1
13 411.5+14.5 402.8+10.2 43824255 412.6+25.2
14 436.8+14.6 427.2+10.8 456.9+25.3 434.7+24.4
15 471.1+16.5 45924115 491.7+25.7 467.2+23 4
16 504.7+16.7 486.9+11.7 521.7+24.5 496.7+22.4
17 547.3+18.5 523.4+12.5 558.2+26.2 533.8+20.7
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O 3% AASY Aed dLFAHFLS Table 5-290] YEFNIS. A= A543 =
o] ATl wet h2A YEron, 9 AMS-o dEo] FeFs FA T ¢
WstEol 2 Ao UEH S 137198 olFe dAdTA=o] YolA= Aol =

O SAA -2 12~17/1¥€% &< Hd SAFS =T, TI+, T27 2L T30~
0.92, 0.84, 0.82 2 0.85kgo 2 YElton, Ao+ dAdFTAHFS Hx19 &
A7F A2 9H(T1, T2, T3) Atololl & Afol7} gle o= YEs S

Table 5-29. 3H¢-7A5-9] A8 dLSAHF(kg/ D)
. A g

o) = T1 T2 T3

12 0.97+0.10 0.94+0.08 0.850.13 1.05+0.15
13 1.05%0.05 1.03+0.06 1.01£0.02 0.95+0.10
14 0.70+0.04 0.68+0.05 0.52+0.07 0.61+0.10
15 0.86+0.08 0.80+0.07 0.87+0.05 0.81+0.06
16 0.84+0.04 0.69+0.05 0.75+0.09 0.74+0.10
17 1.07+0.07 0.91+0.05 0.91+0.08 0.93+0.12
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A A wFtEE AFA dA AFAE AL
1. 2 949 o] MeA A QFAIR BA

7L =l AEAYE BEARAE TF B4 9 BI7HUn vitro WHF9 43}

5
Lo
re
_k;_l‘
1
)

&

1) SAAE D in vitro A EEA

O FAIAEE 65°C dry oven(Jeio tach, Korea)oll A 2417+ ZAZ=A]Z1 Bl (Rice straw),

(Timothy), =¥ 25 (Tall fescue) B Z3}(Alfalfa)E 2~3cm 2 Adsto] ARG
+ (Table 6-1).

jl

A

e

Table 6-1. Chemical composition of experimental feedstuff used as a substrate for in

vitro incubation

Chemical Composition Rice straw Timothy Tall fescue Alfalfa
Moisture(%) 12.29 11.32 11.52 14.62
Crude protein(% DM) 4.45 9.79 5.33 14.86
Ether extracts(% DM) 1.74 1.63 1.33 2.06
Crude fiber(% DM) 28.10 27.75 29.28 35.56
Crude ash(% DM) 14.68 7.24 47.59 24.43
NFE(% DM) 38.74 27.75 4.95 8.52

N Adl F+FE =5 A AFHST oM, 439 cheese clothell 2 2] A
Oxfree Np7F 57 B287]o] Hol Agazg 451L. o] Alg JAE A A5}

7] 918 23 9] cheese cloth® thA] A&l W52 N3} McDougall’s buffer(Table 6-2)"

£ 129 Hl g2 e mSNS 300g9] 71F o] ©371 8L bottleel 3 7173 Bl (Ox-free-Ny)
2 451 WF3al, F48 ¥ F parafilm M(PM-996, Whatman, USA)2.2 U53}3)
o

v .

O 7t A7 wjgS 39°C9| shaking incubator(Jeio Tech, SI-900R; 120rpm)oll 4] 4] %k
(12, 24, 48, 72 h) 3ukE 02 35S

— 165 —



Table 6-2. The chemical composition of McDougall’s buffer

Ingredient Amount(g/L D.W.)
NaHCO; 9.80
Na,HPO,-2H,0O 4.62
KCl 0.57
NaCl 0.47
MgSO,-7H,O 0.12
4% CaCl, solution(mL)" 1.00

Y 4% CaCl, solution: CaCl, 4g/dL D.W.

O pH &4 : 7} ¥l Azt pH meter(Mettler Toledo, MP230)E ©] &3}
O VFA #4]

-w%ﬂ%1&MJhwwﬂﬂﬁ&ﬂ1ummmﬂﬁ3;&ﬂﬁ k] ALRYAE Al
, s Hds 0.20um syringe filter® ¥ ¥ HPLC(Agilent-1200, Germany)E ©|

=

g

ot

rlo

- AlEe] FYFE 10ulel L, oled 8 0.008N HSOz= AHgstior, #&
0.6mL/min®] 31, Column< 300mmx7.8mm Ld. MetaCarb 87H(Varian, USA)E A}-&
stalom, =%+= 35°Co| Al AFE-3lSl 5.

O ¢¥d & &4

- YRk B4 AlEE 65°C dry oven(Jeio tech, Korea)ollA] 3¥zt AxA|Z1

1.00mm screen©] F-2H¥ &8 7] (hammer mil)E ©]§3ste] 43 & FAAR

- APALE et ZF v ARPE A8 Al=e] E(AOAC 930.15), Z3]3H(AOAC 942.05),
W (AOAC 984.13, model Tecator Kjeltec 1030 Analyzer), 241
model Tecator Fibertec System M6)¢] 41> AOAC el +3t NDF(Neutral
detergent fiber)2} ADF(Acid detergent fiber):= Van Soest 52| WX el 3] #435k3]

>
O
>
@
N
o
(@)
N
o
=

e

O EAAE
- 571X 28]+= SAS package program®] General Linear Model(GLM) procedure®] tw}e}
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Adsgom, & Ad709 7o A

multiple range test® 5% oAl S 73S (P<0.05).

- W39 pHE A WH(5.0~7.8)5 FA st o A4 a2 AAdE VEA, ¢
SAES o= B Bl fkEYoete] FEol os) pHYF A EH. s5AEW f4A &t

H7} 5074 Eojg. o] AL dAl &al7F 7 g ©3t

7bedt ©@rstEs Jolshd p gol 4

ol ofall kol A ar, Az zhgo] s Bl FH|7F At Hol AV]= &
&

- 3 pHZF A oly 7o m AFAA HH REES] m s &¥o] "oz 43}
Ho] woly, X Ao 12417 Rice StrawollA pH 8152 pH7F LubZ ¢l =3
£ ¥olA. o]3& McDougall’s bufferg A|x3 o AL 3FAH SHT £AZ A=
Hv, g2 2o A9 Adsto] AR vals Ve d Ao ® ey

- 12713+ Rice StrawE A €]kal vh59] G4 pH WS 453 & (Table 6-3).

Table 6-3. pH Value according to the type of feed

Times Treatments

SEM P Mean
(h) Rice Straw Tall fescue Timothy Alfalfa

12 8.15° 6.99° 6.59° 6.449 0.02 <0001 7.04
24 7.35° 6.65° 5.67¢ 571° 0.01 <0001 6.35
48 6.92° 5.65° 5.67° 5.48 001 <.0001 593
72 6.24° 5.43° 5.47° 544° 0.00 <.0001 5.64

abed Means with different superscripts in the same column differ significantly(P<0.05).

FolAl YERG Zo R A7HE
- BE Aol A AlRe] sFol whet 518HA 4517} o] FojA= S #d F = US]
o, ARkAQl RE5E-9] in vitro 2~3tE 3 B2 FH O 2 LB S(Table 6-4).
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Table 6-4. Proximately analysis according to the type of feed

Incubation Treatments
(hr) Timothy Tall fescue Alfalfa Rice straw SEM P Mean
y
Moisture
12 12.71° 10.69° 4.33° 4.74° 047 <0001 812
24 6.96° 8.27%° 1.19° 11.64% 1.23 0.0022 7.02
48 7.18° 6.33° 5.40° 11.38° 0.93 0.0083 757
72 5.26° 11.68° 2.51° 8.65 0.95 0.0007  7.03
Crude protein
12 6.43° 3.92° 6.72° 2.71° 0.41 0.0003  4.95
24 4.85° 3.66%° 2.63% 1.32¢ 0.56 0.012 311
48 4.29* 3.09 0.82° 1.24° 0.45 0.0019 236
72 3.44° 0.45° 0.51° 0.92° 0.16 <0001 133
Crude ash
12 2.39¢ 7.07° 3.99° 6.71° 0.32 <0001 5.04
24 2.03° 3.77° 1.60° 6.46 0.24 <0001 347
48 1.75° 1.88° 1.38° 5.78% 0.24 <.0001 2.70
72 1.07° 1.81° 1.28° 3.542 0.52 0.0352  1.92
Relative feed value(RFV)
12 45.75° 53.58% 44.19° 52.14% 1.32 0.0022 4891
24 52.242 54.32% 45.98° 52.812 1.11 0.0033 51.34
48 51.92¢ 57.872° 60.84% 54.30" 1.51 0.0137  56.23
72 53.86° 58.29° 76.86% 56.06° 2.07 0.0002  61.27
Neutral detergent fiber(NDF)
12 81.60° 76.33° 82.55° 77.86° 0.97 0.0054  79.58
24 76.32 76.19° 80.842 77.05° 1.48 0.1659  77.60
48 77.80° 73.72 70.61¢ 74.94%° 1.03 0.0077 7427
72 77.77° 73.27° 63.11¢ 74.49°° 1.05 <0001 7216
Acid detergent fiber(ADF)
12 62.647 57.69° 63.832 58.13° 0.96 0.0037  60.57
24 59.20° 57.01¢ 62.86° 58.02¢ 0.35 <0001 5927
48 58.38% 55.26° 54.97° 57.96° 0.82 0.0366  56.65
72 56.322 55.212 47.32° 56.55 1.11 0.001  53.85

®Means with different superscripts in the same column differ significantly(/<0.05).
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- A HE BA () A Table 6-59F Table 6-63 5. 12A17H e ZAFRO|A
1(<0.05) #tel7F A, 24A417F vl S0l &= Rice straw, Tall fescueol| A <

Ao yolom 484 7Fdjo] = Rice strawol A oA o= Uqks
- 72A1ZH &= Rice straw, Tall fescue, AlfalfacllA] 2] 4 (P<0.05)o.= Woka. AMEHE=R

WA HE B (A E)HANE AR Rice strawol A= 48A13F, Tall fescue9} Alfalfa

- BA(AE) A eAgkel BE olft WES 2Ho] A 2Ry WEoE A4
7 = T 2 ol%old glo
W, Bk F olFoIAA 2e. ER 2ARS U FAA RIRE Absw, 24 T
&

g Qo) Arke 2 o))

oX,
o
ik
14
o
B
=i
o
o

lfalfa7} T2 AR SOl H|3] 722417 W@ X5

do

lo,
()

R

o

o

31

Lo

_>|‘l_'4

o,

rir

g0

o =

£ to

2>

A

o h

Tall fescue WU} Zohula} 2ol go] Fhfw o] Faf7} o] Fojxls slow 7ty
- Timothy & €] (

™
= UehsE. of A EERE AT Eell7F 48413 o] FRE] o] FolA 7] wEdl Alow

A=,

Table 6-5. Incubation time physical properties(hardness) test

Incubation Treatments P
) - - SEM Mean
times(h)  Rice Straw Tall fescue Timothy Alfalfa value
12 5.52° 3.94° 4.82° 6517 9.02 04472 520
24 3.70° 3.20° 4.23% 577*  2.09 0.0167 423
48 2.34° 2.58% 4.08% 544* 211 0.0016 3.61
72 2.26° 2.09° 3.91% 1.19° 134 00019 236

 Means with different superscripts in the same column differ significantly(/%0.05).
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Table 6-6. Physical properties(hardness) Analysis of Forage

Incubation times(h) P
Treatments SEM Mean
12 24 48 72 value
Rice Straw 5.522 3.70% 2.34° 2.26° 319 0.0069 345
Tall fescue 3.94° 3.20°° 258 2.08° 155  0.0563  2.95
Timothy 4.82° 4.23° 4.08° 3.91° 379 08304 4.6
Alfalfa 6.51° 5.77° 5.44° 1.19° 6.04 0.0019 4.73

®® Means with different superscripts in the same column differ significantly(/%0.05).

O VFA A%
- 2 A3 A VFAS A Table 6-77 7
U= oF 70~80%7F VFAZ x@}ﬂﬂ, s duAe 98-S
o]7]% 3} o] HY WMFHE FALHE 9} VFAE EWHI AA7} L.
- B AT AR EF] wEt BE AT A T
el on, Tall fescuedl X 2% (/<0.05) 0.2 %7 YEFES. Acetic acidE +
o st AaS YEFWl S, Propionic acide AlZHY] S&

|
2 AddelA VEAS] AT AZte] B 5o wel wart & o] F
[e)

o
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Table 6-7. Effects of feeding type on VFA concentration in the time-dependent

fermentation(mM/ g)
Incubation Treatments
time(h) Timothy Tall fescue Alfalfa  Rice Straw SEM
Total VFA
12 93.62° 78.76% 54.09° 76.38° 2.56
24 151.75° 180.67° 112.25¢ 65.844 2.81
48 150.82¢ 218.63% 169.41° 100.274 212
72 187.78° 221.80% 153.16° 129.164 1.51
Acetic acid
12 58.09° 60.89° 68.87° 67.45° 0.40
24 55.81¢ 59.24" 63.64° 61.39%° 0.46
48 45.80° 56.622 58.55° 57.682 0.35
72 56.10°° 53.38° 41.39° 57.16 0.39
Propionic acid
12 27.95% 25.38% 23.97% 24.62° 0.64
24 23.89° 25.67° 24.36% 23.51% 0.51
48 42.03° 29.78° 31.21° 26.49° 0.37
72 30.19¢ 32.44" 40.84° 34.49° 0.40
Butyric acid
12 4.49° 5.10° 3.24° 3.38P 0.11
24 12.112 8.93° 5.91¢ 7.57%¢ 0.23
48 6.40° 2.79° 6.14° 6.06° 0.12
72 7.13%° 6.48" 8.63° 517° 0.21
Iso-butyric acid
12 1.26% 1.27% 0.59° 0.392° 0.05
24 0.78° 1.32° 0.77° 1.357% 0.10
48 3.20° 5.712 0.284 1.237¢ 0.09
72 0.47¢ 5.50% 451° 0.468° 0.01
Valeric acid
12 1.61° 1.55° 0.54° 0.64° 0.18
24 3.48° 1.88° 1.99° 1.71° 0.18
48 1.87° 1.71° 1.67° 1.96° 0.12
72 2.16° 1.16° 3.02° 0.49¢ 0.07
Iso-valeric acid
12 6.61% 5.80° 2.80° 3.52° 0.15
24 3.93? 2.97° 3.33° 4.46% 0.22
48 0.68¢ 3.39% 2.43° 3.02° 0.02
72 3.56° 1.03¢ 1.61° 1.16° 0.05
A/P ratio
12 2.08° 2.40b 2.87° 27420 0.06
24 2.34° 2.31% 2.62° 2.61° 0.07
48 1.09° 1.90° 1.88° 2.18° 0.03
72 1.86° 1.65° 1.01° 1.66° 0.04

**Means with different superscripts in the same column differ significantly(/<0.05).
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F 3}, 439 cheese clotholl Z# A Oxfree N7} 57 ¥ H287]0 ol 232

HOrfreeNYZ 3 L 5@ F F42 Dol WRaAS. 7 A2l 78 WEe 39°Ce]
shaking incubator(Jeio Tech, SI-900R; 120rpm)°l|A] 4A]|%F(12, 24, 48, 72 h) 3WHE o2

AL

- 7} At *lﬂrﬂ 3 pH meter(Mettler Toledo, MP230)E ©]-&3}¢]

o

AR AHEEa ACACH o= #A1 7149 83
H

71§13l HCI(35%)= 433 & (Table 6-9).
1:

ofN

et AR EAE A AEFel w9 cannulaZt BHE B
kg)ZWE in viro WFY MR AN DL A% AFE e AL

%@A}?&} &A}E(Timothy)% 40:600. 2 oPOﬂ Azl 2% & 1¢ 2
]_

5 L bottled] ¥o] t}& A& 7]
%4 A= Table 6-83 &

- &1
4
A8 919 Fult o AR Fo] AZE del wEglel 4HE cannula® 5}] A

A A E+= TimothyE 2 mm screen® = #3f g F

REe . Ads Fdshy] A W A o] AR J4AE AAsH] fel 27
cheese cloth®= ¢ ¥ v Axlil, Ao AE-¥ McDougall’s buffere pH 322 Bt

903} buffers 129 Hl&= £ 5 200 go 71de] ©11 5 L bottled] 74
°

|\

g3l

g i, HH FHE 1.5mL E-tubeol AF skl A= QYAHE AlASY] 914 3,000rpm
3 A4y skela

<= Fste] 14000rpmell A 3 A A4 FeElste] HAAE pellets AT
< A|ASFAL pelletel sodium phosphate buffer(pH 6.5)& 1mL 3 7}3ko] vortex
WREA 7= AlE S 33] WHE $ spectrophotometer(BIO-RAD, Model 680)E ©|
sto] 550nmeol| A1 O.D.(optical density)#k= -sto] v AE AFEFS S

o

O]
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Table 6-8. Chemical composition of experimental feedstuff used as a substrate for in

vitro incubation

Chemical composition Content
Moisture(%) 8.87
Crude Protein(% DM) 13.37
Ether extracts(% DM) 2.25
Crude Fiber(% DM) 21.87
Crude Ash(% DM) 8.62
NDE(% DM) 53.18
ADEF(% DM) 30.57
Hemicellulose(% DM) 22.61

Table 6-9. The chemical composition of McDougall’s buffer

Ingredient Amount(g/L D.W.)
NaHCO; 9.80
Na,HPO,-2H,O 4.62
KcCl 0.57
NaCl 0.47
MgSO,-7H,O 0.12
4% CaCl, solution(mL)" 1.00

4% CaCl, solution: CaCl, 4g /dL D.W.
The HCI(35%) to prepare pH 3 was added to the buffer.

O ¢Eyo}l &4

- Chaney 2} Marbac®] *ell ¢]&l phenol color reagent®} alkali-hypochlorite reagent@=
AAFo drYolE WA & spectrophotometer(BIO-RAD Model 680)& ©]-& 3}
630 nmo| Al O.D(Optical density)ats T3to] SA3IA =

O ey 24

- Bradfor'@] WHel 28] Comassie Brilliant Blue G-250 4118 o] &3te] njgo <

A % spectrophotometer(BIO-RAD Model 680)E ©]-8-3Fo] 595nme| A]
O.D(Optical density)#k= -to] SA 38U+

O Glucose &% =4
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- Microtiter
o] 595 nmoll 4] O.D.(Optical density) #k<

©)

FEFE 100°Co) 533 W g - FA]
& Spectrophotometer(BIO-RAD, Model 680)E

O T4
S 2, NDF¢} ADF 3% Georing¥ VanSoest™ el ]

1.5 mL E-tubeol] #FH3t ALEAAE AlASH7] &l 3,000rpmell A 3:E3F ¢
= 5% 3 vortexdt .

, test tube°l] &9 200uLet DNS &< 600ulL
4°Coll A 108 23,
s o]-&3}

o

plateoll 400uL &+ %
Tt S48 =

VFA 574
NS 1.5 mL E-tubedll 23 3Fe] 12,000 rpmell A 3&3F 94l EEsto] AR YPAE
A ASEL, ZdsNS 020um syringe filter® o3} % HPLC(Agilent-1200, Germany)E
o]-&3to] A8+

Aol FAFLE 10uL3laL, o] & 0.0085N H,S0,& AHEsh3lal, &2
AeH, Column 300mm x 7.8mm Ld. MetaCarb 87H(Varian, USA)&

0.6mL/min©]
=5 35°Col Al AFE-SFSl &

ALgahel om,

Zo 2352 AOACH

- ADF¢} NDF $Fo 2 B8 RFV(Relative feed value)i= Linn¥} Martin 529 A4k ol
ofsf Fekle

O FAAE
- BAIx8+= SAS package program®| General Linear Model(GLM) procedure®l] twe}
ASS 98 FAHEAS AA] $, Duncan's

FeollM Feld S 4835 (P<0.05).

Aesgon, 2 AT Foly

multiple range test® 5%

2) A3 B uF
O W9 2a A (pH, vIAE A%, Glucose, Ammonia, Protein)
- pHe Z4H3 pH 30l ar78ste] Adstdl7]ol Alxke] &0l wet & W3}l glo] Hat
pH 388% eSS
nAE AFelA ded mAdEES AP ol & HLEJ]E]O} Megasphaera  elsdenti,
Selenomonas ruminantium®t WA & & Badllusd &2 FAEW 2 A o]ee A
o= g A7 A7 slvhal B
. oA ol

- Glucose, Ammonia, Protein &
o] B FALET} of e
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Table 6-10. Ruminal fermentation characteristics of the feed incubated in pH 3.

Incubation(hr)
Item
12 24 48 72 SEM P value Mean
pH 4236° 3.791° 3.776° 3.735% 0.004 <0001 3.884

Rumen  microbial — growth

b a C C
rate(OD at 550nm) 0.129° 0.133* 0.147° 0.177° 0.015 0.1888  0.150

Glucose(mL/mg) 0.410* 0.490* 0.752* 1.023* 0.026 <.0001  0.670
Ammonia(mL/dL) 1.827¢ 1.928% 2.369" 3.835" 0.689  0.2231  2.490
Protein(mL/mg) 0.010* 0.016* 0.017* 0.017* 0.006  0.8111 0.010

abed Means with different superscripts in the same column differ significantly(/<0.05).

A A A9 $1eA A2 Table 6-117 25
o2 1% AZ ¥ Timothy®] 334 24L& A4A< pHY WAL o

3
Hrh BE YR £370 2o uebgon], ol Re A4 A3 buffers A3 34347

- 2N 3 ] A M9l pHE 43t | A3 A S Plas] B Crude protein®] 3.44%

Vel pH 3014E 9.002 WEREaL, RFVE 53.86004 70.682 WEMSES. 734k 9

1 Be g Aol EalHa, wEsEe] vAEY I o

A A= EAZE B 2 Aol s A AL
3

=
o] 2ol st oAl 2AMRES A E die] AR HAES] HA HolHE 28-S
al

Table 6-11. Proximate analysis of the feed incubated in pH 3

Incubation(hr)
Item
12 24 48 72 SEM P Mean
Moisture 8.480° 8210 8.137° 3.600° 0403 <.0001  7.107
Crude protein 11.466° 11.100° 10.283° 9.000° 0.196 <.0001  10.463
Crude ash 4.000° 3.740° 3.283° 2520° 0.135 0.0003 3.386

Relative feed value(RFV)  77.283" 69.187° 78.697*° 70.687° 1.059 0.0005 73.963
Neutral detergent fiber(NDF) 68.327° 67.523° 65.150° 64.553" 0.320 <.0001  66.388
Acid detergent fiber(ADF) 49.510° 48.893° 46.173" 45570° 0398 0.0002  47.537

®Means with different superscripts in the same column differ significantly(7%0.05).
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- VFAE ditdoz Hox &= it B xbol7F e, Acetic acid®} Propionic

acid7} Alzbe] sFe weh fAasial, A= ARbAQl waRu 3H46k3) & (Table

SERRA i A0E B}, MES) WAzt AAAlA Hdes AT F U
- B AdTE A9Ho® w9 23S pH 3o o] AS HPleoR FEI
e 5 Qe Astds AAEY, 4o £ wug Bi the 4@ 2 AAE
Adeieh=d 7] dolB = Far & o<l
Table 6-12. VFA concentration of the feed incubated in pH 3(mM/L)
Incubation(hr)
[tem
12 24 48 72 SEM P value Mean
Total VFA 111.15*  71.68°  62.53° 5543 095 <0001 7520
Acetic acid 13.18¢ 20.93° 20.21° 16.67¢ 0.18 <0001 17.75

Propionic acid 3218  17.08" 2.28° 2.29° 0.20 <0001 13.46
Lactic acid 65.79°  33.679  40.04°> 3647 0.62 <0001  43.99
A/P ratio 0.41¢ 1.23¢ 8.86 7.33° 0.24 <0001 446

abed Means with different superscripts in the same column differ significantly(/<0.05).

2. Afrd dA d3AESY AAFE AF

7} 3D Z™E 7|

- 3D ZHE = 314% HeE A gl VlseA g GEHERt oiyet e AAE o &

—_—

@ % 9
-3D ZaAHE FY0] Bas o} (A BEE AT £ AL
=3 @A) 3D T V1%L ol gdte] AF AW HuA Hu
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1) 3D Z&Y 7} e
O HAd Hzagl wo]
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- CAD 5 fz}el SW &= 3DAAMYE &3t 37<}°J ‘“4%1%1 7| —}(E%‘%)

- 176 —




]

o

7}

T

o=

]

A
&

el

=

=

A]

PN
T

A

25 A

ol

A

Ou;(

O A&l wet AA HA|, -, 3] 3714

_Z_O

o

e
=

B!

1
=

75,_,17

o

-

[€)

-

gl Ak

of A ARGLE ]

- 327} OARl dEE o)
SFSUESE RS IEES

i

2

=E e

A stol

=
=

: LCD "4+ &4 Preheat PLA/ABS

—

N

(e}

p—

B

o

=R

=7

A%E ofelg] i

=

o] 4

15
s

=

210°C~240°Co. =

o

—

_Lnﬂ

o
T
Nk

oj

(CURA)

o] ©¥+71 SD F}EE SD 7= &F

27} init SD-card

=

S SD Ft== A 3st

[e)

T =

7] LCD gtHeolA AEE HE

=

(i
e

)A
el
o

ﬂ
)

file)
o

TR

i

o ohvje} £ws}

al

7

5]

H)

—

of A3

=
T

A" gkl st

- 177 —




oM =9

=

HEg Eeste] H

o
NR
=
By

i
—_—

HE7]

=0

el

ai

4) Bed Taping :

70
!

il
il

HepWlE s} et oAl ®

B ol M

B

3D

Figure 6-1. 3D X

- 178 —



d

O 3D ZHE7|E ol&sto] whs & 3l AR FHi= 85 ARt 3D ZRIH 9
EAAT LellA gol ol at7] Wi A7 P A Bu g 4R AR 3
71l ofel el AN+

O e AFsAd Bl Fu RHrbs thh v AFe] o, vs 29 1]
el 2 dad Aol glE

O 3D ZH-E7IE o] &3dte] AgAm AAE AXe] Brke thdd FHe =5 A
skl g 2AE e Aol vhgAsita wdy. mebq oy 292 3D 2RI
715 ol gste] BEE AlAstaA g

Figure 6-2. 3D ZHEE 0|83 o&7HA] AFAt= Fef A%

- 179 —




. RIFALE Y AZ

=717t S5HAHIE 0.5cm 79
[N
1. 37| : 14cm x 14cm PAc
- mEHO| AX T [
- =7} lojgle T
: g 27|17 B87|Z 0.5cm 7%
H=HH
(O (OO OO~ )(h } )
2. 37| : 15¢cm x 4cm ¥ .
- Z0] 1~2cm &7| L) A ) WL KR .
- UWEZHHIAHUS \
\ L \ -
e @
3717t S5HE 0.5em £
3. 37| : 15¢cm x 4cm 2 N
- gordey -‘ -- ¥
SRUE ST E / \
e 7 \.‘ o
5o o
Figure 6-3. 3D X JE A2t A ou] =<t —18]7]
QAZFALE A4 AE
O 3D ZHHE o]&3te] FEE Azst =t o] 7HA] AAE ol &8t 7 Aitet
AR 2AE ofv] WA AUAE FHae sdnthe Py

— 180 —




T T A ¢ A
1. 2o o] |1 FAJEE FEOR UE
= A AHE ma] <
2. #e & oo Au w |  d FZe] ot HEA =
H Aol 7 A
3. Heo] o CAFo] A ATARR
PLASTIC ARE Al HEEOl A AL
CLAY

HRIAG| 3] OFF CICIOP 2ELICH

2009

Zoag AE
(Plastic Clay, Resin Clay)

g5 A e 7}

Aol .
71E AR

N} A 2] (Liquid Silicon)

1. a7ke] 592 A#st
A Bak s A
ZH g g Sl

2. 9fRte] WS wow

3. Oeﬂoﬂ AR

4 AT ARAE E
gatol ] Algate]of
o AsA W&ol
wep AEel A4

z7o] 7bs.

- TEo] AWE o] FoH=

sl AR
AEAE =
}-&o] E7}5(BD =9
i 7F B

i
[r

Figure 6-4. Q1 &AL S A 2Hs 913k Az 54

— 181 —




. 3D JdTAE AT

== Az 4

— 182 —




ol AR AAIE

al1 A% 74

W

|

~

=
0

<0 |

Figure 6-6. 3D X

— 183 —



nh2 B Y

— 184 —




AE oA A

23

Figure 6-8. 3D

vl A3}

?l_

]

4%

30|

A

3
pul

A}

9. 3D ZHEA A

Figure 6

A2 RE=

O dEAtRe]

—_—
o

el
NI

25 133

]

Alo

A]

tof ol 7}

ZAdS)

Alol| 25 A7

tekelar, 7HAE

atm, ‘17

HoFE 11

el

olg] 7HA]

744

d 8E7HA B

AZE szt

— 185 —
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Table 6-13. The chemical composition of experiment roughage and concentrate

Item Klein grass hay Concentrate
Dry matter 92.05 -
Crude protein(%) 11.13 12.00
Ether extract(%) 1.57 1.50
Crude ash(%) 8.56 12.00
Crude fiber(%) 2917 15.00
Ca(%) 0.35 0.75
P(%) 0.23 0.90
Mg(%) 0.34 -
K(%) 0.10 -
NDF(%)" 67.69 -
ADF(%)? 35.08 -

UNDF: Neutral detergent insoluble fiber, ?ADF: Acid detergent insoluble fiber.
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O 'H-NMR&EATS 93¢k wb9jofe] dxjel= 15mL E-tubeo] RFE919S 1mL 2 &7
ol 3,000rpm o2 10&S 94l dto] F{FT AlRAAE AAT F 12,000rpm -
2 1082 A 28 359 300uLE FH3F NMREA 9] 7E&d 2 AMEd TSP DO
solventell 0] 04mM= RHEo]A 300uLE 3l w9l Egate] F9 Wl TSPE:
£ 02mMZ WhE. 1 % 5mm NMR tubeo] &4 %ol SPE-800 mHz NMR-MS
Spectrometer(Bruker BioSpin AG)E ©|-&3}o] thil=4 #41S A5 &

O dof £42 -80°Cell TSl serum HES o B4 A7 G A &
3ol albumin, ALP(Alkaline phosphatase), ALT(Alanine aminotransferase), AST(Aspartate
aminotransferase), total bilirubin, BUN(Blood urea nitrogen), total cholesterol, free fatty
acid, globulin, glucose, HDL(High-density lipoprotein) cholesterol, CRP(C-reactive protein),
inorganic-phosphorus, insulin, LDH(Lactate dehydrogenase), LDL(Low-density lipoprotein)
cholesterol, total protein, triglyceride, y-GTP(Glutamyl transpeptidase) & 19350l tjs}o]
Cobas 8000 ©]-83ate] w415 X35t 3lo(Table 6-14).

Table 6-14. Analysis methods of change in serum parameter in hanwoo on feeding artificial feed

Contents Analysis methods
Albumin Colorimetry(BCG Method)
ALP IFCC(Colorimetry with PNPP)

Modified IFCC UV(without pyridoxal phosphate without

ALT(SGPT) sample blank)

AST(SGOT) gziieilii)c UV(without pyridoxal phosphate without
Bilirubin, total Colorimetry(Diazo Reagent)

BUN Kinetic UV Assay

Cholesterol,total Enzymatic Colorimetric Assay

Free fatty acid ACS-ACOD(Colorimetry)

Globulin Calculation

Glucose(S) Enzymatic reference method with hexokinase

HDL Cholesterol Homogeneous Enzymatic Colorimetric Assay

CRP(HS) Immunoturbidimetric Assay

Inorganic-Phosphorus Phosphomolybdate &UV(Ultraviolet Spectrophotometry)
LDH UV-Assay(L—P)

LDL Cholesterol Homogeneous Enzymatic Colorimetric Assay
Protein,total Colorimetry

Triglyceride Enzymatic Colorimetric Assay

y-GTP Enzymatic Colorimetric Assay

Insulin ECLIA (Electrochemiluminescence Immunoassay)
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EAA 2] SAS package program® General Linear Model(GLM) procedure®] twhe}
Agetglon, 7z ATzl F94 AsS d F4HEAS A4 ¥, Duncan’s

multiple range test® 5% TwolAl FY3S 74835 (1<0.05).
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Firuge 6-15. Representative "H - 800 NMR spectra of ‘after feeding artificial feed’(A) and

‘before feeding artificial feed’(B) on in vivo rumen fluid.

(The spectra were constructed using TSP at & 0.00 ppm as a reference and were unnecessary excluded at §

3.00 to § 5.00 Spectra number-1: acetate, 2: propionate, 3: butyrate, 4: valerate, 5: urea, 6: p-resol)
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2) Wk tiat=d 24

O 'H-NMRE o] &3] mb=9ois 43 A= Table 615129 o1 NMR
spectrum<= Figure 6-159F Z&. AFE dAXNEE F9 FA FolAl  acetate,
propionate, butyrate®} 2 FTAAA YA ARl Fo] H Huoh /94 (/%0.05) 0=
2% 2™ alanin, ribose, 3-indoxylsulfate, caffeine, fucose, melatonin®] 2] %] (/<0.05)
o2 EUE. wol Al FlelA = histidine, w-Methylhistidine, N-Acetylcysteine,
Urocanate, 3,5-Dibromotyrosine, Carnosine®| 2] %](/<0.05)2. = =3k+=.

O A AL WS Aol W A AFelW AAR AR UL At

T o8 wadtEdd. B3 WSl M= AT SRk FHfgol tieiM s A
Ardel deE A2 Fol A ikl W S At A RRo] 9] 4(7%0.05)
o2 w3W AL Hojd AR e Afloy, AR WA ARrE wEuE A=
sto] mEFg e EHZE 30 H o whEg] mjAEe] A8 gle AR 2 A
gefol7] w2l Ao Ated

Table 6-15-1. Analysis of VFA on rumen fluid using 'H-NMR(mM/L)

Treatments”
Items SEM P value Mean
F1 F2
Acetate 16.6353° 26.8188? 0.6296 0.0003 21.7271
Propionate 4.8995° 5.7074? 0.1880 0.0384 5.3034
Butyrate 3.0769° 6.3423° 0.1428 <.0001 4.7096
Valerate 1.67647 0.6496° 0.0079 <.0001 1.1630

®®Means withe different superscripts in the same column differ significantly(/<0.05)
UF1: Before feeding artificial feed, F2: After feeding artificial feed

Table 6-15-2. Analysis of metabolites on rumen fluid using 'H-NMR(mM/L)

Treatments"
[tems SEM P value Mean

F1 F2
Isopropanol 0.0107 0.0106 0.0003 0.8629 0.0107
Urea 0.0425 0.0549  0.0060 0.2845  0.0475
Histamine 0.0137 0.0110 0.0015 0.2677 0.0124
Serotonin 0.0045 0.0085  0.0025 0.3215  0.0065
Histidine 0.0088  0.0073°  0.0002 0.0087  0.0079
T-Methylhistidine 0.0114*  0.0054°  0.0001 <.0001  0.0084
Alanine 0.0095°  0.0207°  0.0010 0.0012  0.0151
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0-Cresol

p-Cresol

Fructose

Glucose

Glutathione
Lactulose

Ribose

Sucrose

Xylitol
3-Hydroxyisovalerate
Malonate
N-Acetylaspartate
N-Acetylcysteine
N-Acetylglutamine
N-Acetylglycine
N-Acetylornithine
N-Acetylserotonin
N-Acetyltyrosine
N-Phenylacetylphenylalanine
No-Acetyllysine
Imidazole
Urocanate
3-Indoxylsulfate
5-Hydroxyindole-3-acetate
3,5-Dibromotyrosine
3-Methylglutarate
Cholate
Glycocholate
Guanosine

NAD+

NADH

UDP-N-Acetylglucosamine

0.0065
0.0116
0.0076
0.0110
0.0131
0.0134

0.0233°
0.0027
0.0087
0.0074
0.0153
0.0160
0.0219°
0.0087

0.0089"
0.0102
0.0078
0.0080
0.0089
0.0097
0.0038
0.0103°

0.0023°
0.0036
0.0539°
0.0901
0.0017
0.0016
0.0013
0.0012
0.0022

0.0008

0.0055
0.0107
0.0149
0.0097
0.0045
0.0068
0.0302°
0.0038
0.0038
0.0105
0.0188
0.0102
0.0109°
0.0144
0.0283°
0.0079
0.0080
0.0090
0.0085
0.0108
0.0050
0.0028"
0.0138°
0.0040
0.0030°
0.0444
0.0011
0.0023
0.0012
0.0013
0.0026

0.0019

0.0017
0.0024
0.0050
0.0010
0.0050
0.0059
0.0012
0.0018
0.0018
0.0018
0.0026
0.0021
0.0018
0.0022
0.0041
0.0007
0.0026
0.0014
0.0020
0.0014
0.0018
0.0002
0.0001
0.0012
0.0005
0.0142
0.0004
0.0007
0.0001
0.0001
0.0008

0.0008

0.7179
0.7935
0.4232
0.4708
0.3547
0.5303
0.0358
0.6872
0.1866
0.2806
0.3855
0.1249
0.0124
0.139
0.0289
0.0684
0.9526
0.6243
0.8826
0.5944
0.6292
0.0002
<.0001
0.828
<.0001
0.0857
0.4585
0.574
0.8982
0.5528
0.7245

0.3745

0.0060
0.0112
0.0105
0.0105
0.0096
0.0108
0.0261
0.0032
0.0067
0.0090
0.0170
0.0131
0.0164
0.0116
0.0186
0.0091
0.0079
0.0085
0.0087
0.0103
0.0045
0.0073
0.0081
0.0038
0.0234
0.0857
0.0015
0.0019
0.0012
0.0013
0.0024

0.0013
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Xanthine 0.0128 0.0082 0.0033 0.3807 0.0105

Benzoate 0.0102 0.0072  0.0009 0.137 0.0090
Gluconate 0.0047 0.0028  0.0020 0.5725  0.0037
2-Hydroxyphenylacetate 0.0047 0.0022  0.0010 0.1398 0.0032
Arabinose 0.0118 0.0086  0.0021 0.4016  0.0105
Caffeine 0.0058"  0.0046*  0.0002 0.0067  0.0052
Carnosine 0.0100*  0.0049°  0.0010 0.0209  0.0075
Dimethyl sulfone 0.0018 0.0009  0.0003 0.1079  0.0014
Fucose 0.0059"  0.0129°  0.0015 0.0387  0.0101
Indole-3-acetate 0.0096 0.0088 0.0029 0.8589 0.0092
Melatonin 0.0016"  0.0056*  0.0002 0.0001 0.0036

®Means withe different superscripts in the same column differ significantly(7<0.05)
DF1: Before feeding artificial feed, F2: After feeding artificial feed.

1%

3) E &
O Fol 7, Fo Ag #2418 A= Table 6-165 25 /2 AR Fo] & A
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A s FXAA =AA o] Fopxlttal 3t Albumin?t globuline &7 w9
T8 Aol did A EE YEbd s Aol @i Aoy dEHAE 3
FA el ola) g

O AFd dAAE 39 F A2 FlolA Albumin, BUN(Blood urea nitrogen),

total cholesterol, free fatty acid, cholesterol-> 9] % (/<0.05)2. 2 = %+. BUNZ 7]
bol eMiAUAI IS Brleks AREAM Aoy AlRE FojEd AW @A
A= AT THEldA ez Qe €% sE7F mokdval oA &, Total
cholesterol®] 7-¢- AFRAHA I oy o] GdaA7E e Abs oy HF o] &
=75 99 W sx7F sokittal A e AlEVIE W wolsks AbRYe] e
atel7lol A Fo § A9l FellA Yokl Aem AbR H. ALTSF AST+= 1t
of A7 dEel B AnEA Fo A Fo] 794 (%0.05)%1 #Fol7k flol A Al

AR 7t Mo Agel $4A 9Fe FA G Ao ARE.

r
|

;
o) U
o

— 195 —




Table 6-16. Change of serum parameter of hanwoo according to feeding artificial feed

Items Unit Treatments” SEM P value Mean
F1 F2

Albumin g/dL 4.10° 3.87° 0.03  0.0132 3.97
ALP U/L 51.00° 57.33° 0.62  0.0020 5417
ALT(SGPT) U/L 20.33 20.33 0.33 1 20.33
AST(SGOT) U/L 50.33 47.00 094  0.0668  48.67
BUN mg/dL 2747 2223 017 <0001  24.85
Total cholesterol mg/dL  159.33"  147.67° 078  0.0005  153.50
Free fatty acid uEq/L  221.33"  73.67° 0.67  <.0001 147.50
Globulin g/dL 3.90° 4.33° 0.05  0.0029 412
Glucose(S) mg/dL  66.00° 68.67° 024  0.0013  67.33
Inorganic-Phosphorus ~ mg/dL ~ 4.70° 5.80° 0.00  <.0001 5.25
Insulin uU/mL 053" 3.27° 0.10  <.0001 1.90
LDL Cholesterol mg/dL  69.67° 67.33 033  0.0078  68.50
Total protein g/dL 7.97° 8.20° 0.05  0.0249 8.08
Triglyceride mg/dL  17.67° 32.33° 0.67 <0001  25.00
y-GTP U/L 14.67 11.00 111 0.0789  12.83
Bilirubin,total mg/dL <0.1 <0.1 - - -
HDLCholesterol mg/dL >120 >120 - - -
CRP(HS) mg/L <0.2 <0.2 - - -
LDH U/L >1000 >1000 - - -

®*Means withe different superscripts in the same column differ significantly(/%<0.05)
UF1: Before feeding artificial feed, F2: After feeding artificial feed
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AbH] Azboll deiM = FE7E HAA =AM THs/d o] AdvkaL At

Table 6-17. Feed cost of feeding artificial feed in hanwoo

ltems Treatments"
F1 F2

Feed cost

Feed intake, kg as-fed basis 112.0 84.0
Roughage intake 84.0 56.0
Concentrate intake 28.0 28.0
Insert artificial feed? - 1.0
Daily feed intake, kg/head 8.0 6.0

Feed cost, Won/14days/head 145,600 220,400
Roughage cost 75,600 50,400
Concentrate cost 70,000 70,000
Artificial feed cost - 100,000
Daily feed cost, won/head 10,400 15,742.86

Index(%) 100 151.37

Feed cost, Won/150days/head 1,560,000 1,390,000
Roughage cost 810,000 540,000
Concentrate cost 750,000 750,000
Artificial feed cost - 100,000
Daily feed cost, won/head 10,400 9,266.67

Index(%) 100 89.10

Feed cost, Won/360days/head 3,744,000 3,196,000
Roughage cost 1,944,000 1,296,000
Concentrate cost 1,800,000 1,800,000
Artificial feed cost - 100,000
Daily feed cost, won/head 10,400 8,877.78

Index(%) 100 85.36

DF1: Before feeding artificial feed, F2: After feeding artificial feed

210,000 won/ea(expected price)

2. In vivo AE HAE

O AfA WAMNRY ARt AFA Felsde W $4H JF& T4 oy
Al AL BFE T4 e Aug A2 Bl DAAYS
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