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Development of functional animal feed
materials from insect resources
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TES S HolA FUH.

WE wdolal §ARA272 A7NE AP o|(Eisenia fetida)e] Tl 2
(Cellulosimicrobium sp. strain HY-13)E8H F 2493l thFddolA ddsAT LdHdE A=
& ghdolA] (rManH, (-14-mannanase)= =X}3F 44.0 kDao|al 7]&9] Micromonospora
sp. B-14-mannosidase?} A5 & 65%9 #HAYL Holx= GH5 I &sle 4= 4
AT o] EAE 50°Co pH 6.09] ZHdlA 71d shdeis] Ho} &4& Bom, ivory
nut mannan¥} locust bean gum 7]Zo) s Z}z; 14,711 1U mg'1 7} 8498 TU mg'1 o H
o] H(h)EAHLS e oY, F2¥e g FHo| g UddF 2 FE=42 mannobiose
1} p-nitrophenyl sugar derivativesoll = &S Ho|x] &dt}h. ghdolAd rManHE ivory
nut mannan, Avicel, chitosan®} chitindl= ZstA A58 1}, curdlan, insoluble oat
spelt xylan, lignin, or poly(3-hydroxybutyrate)oll &= ZAF=] &3kt). rManH7]— pH 6914 =
&S BHole S0z Q3] HA thZu)ol] A& FHd = &g g A
o] vtz wetEnt. (o, Hemicell®, ChemGen Corp. USA; %oquag ZAFE9 Y
a4 ZA8 A7 A3 GRAS (genetically recognized as a safe) o5 &%)

AQehAlsh el o4 BYRLAY ZolhYe FE B dAE ez AR
Age s, g4 9 A AR 5L F7MIALH, A FEUC FRE 7]
A59¢-2 FAstgrt

E 29, A 55 AU Sof 412 49z o
5

&)

S 14¢ 338 43z FRHAT. =W 4989 2L PYH Wt Fe &
249 2 BHUEA 2est ofde AALA AR AL A% AP 2 MY AY A
S 9% =ae B AW WEYTO) B 7|2 FHAH 4T FRAYL.

(1) Mannanase & =& &%
¥ : Bioresource Technology 102, 9185-9192. 2011. (IF : 4.365)
=T % : Cloning and characterization of a modular GH5 [B-1,4-mannanase with high
specific activity from the fibrolytic bacterium, Cellulosimicrobium sp. strain HY-13.
BAYE : GRAY BAY B 53 2ER AR 420 Fa® 72H RS ofE

ot B3] &4 mannanase?] §AAE RHEZE YL r|doz e SHAYe =z

HE Ry 549 E4S 7S dAFEIAE TIIES. P HATALAES Sl &
Q3 2= ol.o
o2 T Mm-

(2) Xylanase ##H =a 23X
A : Bioresource Technology 107, 25-32. 2012. (IF : 4.365)
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=T% : Novel modular endo-B-14-xylanase with transglycosylation activity from

Cellulosimicrobium sp. strain HY-13 that is homologous to inverting GH family 6

enzymes
ZAYE BT AHE AAREEY AERLA FEE FojFe 98-S sle A
2 BoAM AEZL2AE =EA7L A £ JduUxgez &= o A dAS
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SUMMARY

[ . Title : Development of functional animal feed materials from insect resources

II. Purpose and Needs

<Purpose>
Feed enzymes have been introduced to feed market and livestock raisers to improve feed
efficiency of feed stocks such as NSP (non-starch polysaccharides) and recalcitrant agricultural
residues. At the same time, some natural products including plant-derived natural products or

essential oils have also gained interest for use in the formulation of brand new feed additives.

<Needs>

Global warm and green technology issues:

Due to issues associated with global warming and climate change ever increase demand for food
from China and India and the phenomena of AgFlation, neglected biomass has emerged as new
energy sources because of its non-food merit. However the new biomass and material have
several issues, including recalcitrance hard to cut-down and digest. To solve the recalcitrance,
feed enzymes such as Avizyme containing multi-enzymes have been used by a major part of the
livestock industry. However our country does not have sufficient platform technologies or related

additive candidates. Most of the feed enzymes are imported and blended.

Relay project for the application of enzyme technology and natural products;

In 2011, feed enzyme technology and products in the domestic market were dependent upon a
few large foreign multi-national companies. To obtain our own national technology and products,
we adapted two key technologies from precedent projects, enzymes from natural resources, such
as symbiotic pool of insects and invertebrates and enzymes from natural products technology. The
combination of the technologies with low-grade feed stock will be an essential part of

application, industrialization and launching of brand new feed additives.

III. Research scope and contents
Identification of high performance microbial enzymes from insects and bio-diversity: Low-grade,
recalcitrant, hard-to-digestive agricultural by-products were blended with appropriate enzymes to

feed non-ruminants, such as pig and poultry.

Development of a second ingredient, low molecular weight functional materials from natural

sources such as insects and plants: Application of low-grade feeds resulted in physiological stress



as well as nutritional problems. To reduce the stress, bio-functional natural products were tested
using new ingredients. In addition, brand-new products can be developed based on this new

concept.

Feed enzyme additives to improve the digestion rate of livestock (pig and poultry):
Non-ruminants applicable feed additives with multi-enzymes. To increase energy metabolism and
feed efficiency, xylanase and mannanase were added as ingredients to digest the structural
hemicellulose and release C5 and C6, which could then be used as part of the nutritional

metabolism

Field test data from for swine and chicken: With the help of a feed company (InsectBiotech Co.

Ltd, Daejeon, Korea), a test formulation was constructed and delivered to the field testers.
Technology transfer, commercialization and entry into domestic market.
IV. Results

(O A xylanolytic microorganism, strain HY-22 was isolated from a compost sample and
phylogenetically identified as a Gram-positive bacterium belonging to the genus Bacillus.
When cultivated on a liquid medium that contained 2.0% wheat bran (80 mesh passed), 0.9%
yeast extract, 0.9% peptone, 0.2% KNOs3, 0.01% MgSO4, and 0.1% olive oil, Bacillus sp.
strain HY-22 produced xylanase (XylC) a ta yield of approximately 228 IU/ml.

O XylC was purified to electrophoretic homogeneity by ammonium sulfate precipitation and two
consecutive rounds of column chromatography using DEAE Sephadex A-50 and Superdex
G-75 resins. The relative molecular mass of the purified enzyme was approximately 24 kDa,
as determined by SDS-PAGE.

(O XylC exhibited the highest catalytic activity toward birchwood xylan when it was reacted with
the substrate at pH 6.5 and 50°C. Of the evaluated chemical compounds, Trp-directed
modifiers, Hg2+ (1 mM) and N-Bromosuccinimide (5 mM) were highly toxic to XylC.

(O XylC displayed a high catalytic activity towards oat spelt xylan, birchwood xylan, and
beechwood xylan, but avicel and locust bean gum were not hydrolyzed.

(O The gene (1,272-bp) encoding a [3-1,4-mannanase from a gut bacterium of Eisenia fetida,
Cellulosimicrobium sp. strain HY-13 was cloned and expressed in Escherichia coli.

(O The recombinant [-1,4-mannanase (rManH) was approximately 44.0 kDa and contained a
catalytic GH5 domain that was 65% identical to that of the Micromonospora sp. P
-1,4-mannosidase.

(O The enzyme exhibited the highest catalytic activity toward mannans at 50°C and pH 6.0.
tManH displayed a high specific activity of 14,711 IU mg" and 8,498 IU mg"' towards ivory
nut mannan and locust bean gum, respectively; however it could not degrade structurally

unrelated polysaccharides, mannobiose, or p-nitrophenyl sugar derivatives.

_8_



(O tManH was strongly bound to ivory nut mannan, Avicel, chitosan, and chitin but did not
attach to curdlan, insoluble oat spelt xylan, lignin, or poly(3-hydroxybutyrate).

(O Considering its physico-chemical and catalytic properties, ManH, which displayed a maximum
activity at pH 6.0, can be exploited as a liquid fermentation product [e.g. Hemicell®
(ChemGen Corp., USA)] since it is genetically recognized as a safe (GRAS) organism for
herbivorous animals, such as calves, in the feed industry because fibrolytic enzymes in the
rumen of herbivorous animals display the highest hydrolytic activity between pH 6.0 and 6.5.

O Mixed enzyme complex, Joazyme improved the feed conversion and egg production in broiler

and layer. In addition, it reduced the amount of ammonia nitrogen in the cecum.
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2 BLAE o] §54s ol NS Uz tFHo GUd AFZ(HA BT £YF)o)

4. 71=F WA B84
72 sl g A o] Z8
A A o] ZA) 8+ fixed carbon®] H] HF 1 A E A ET L thew 2L 371X 24
3t A=, [Cellulose (B84 beta-1,4-glucan fiber), hemicellulose (glucan, mannan, xylan-&
X 338F= noncellulosic polysaccharides), 22| 1 lignin (a complex polyphenolic structure)] 2
TAE g ol FE2 Qs AE AXHE fla=AE2 2 (lignocellulose) 2}l
=], TR FoA] AE 2 Z(cellulose) 7} 7HF Zo] A5t 2 g2 & xylano] F

)
(hemicellulose)7} @o] A}t o] F /& ] A plant biomass ]
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HA H 22 @9 FEL2 oY AE AEZHE Z3 & F UT BELE 7HA AL AA] gfot
A AEE R Eolde 59 Aot @il o] & T o] ul-¢ DoAXA H. ALEW FY
49 o] 5L =o|7] YA AR HIMAIE A4S o] A& 9t} (Bedford 5, 1992;

Lindemann & 1986).
o Al S A7 = 2R 71E AN

20063 5-E] ALE Y] A A7 AHEFAE A3 EUS] 9, & WE A E Tt 3
AFEHTHA, A 5o FAA AEEA M AT E FFH 2 JPsA S FHAAE
7t AAEW A FH7F SRR AGSAA 2 AR R E4A g FUE I e A4S
A =S SAANP S FHoZ AFA, F714, B, AEFEE, A9HSA 5 NE F
ALE H7HE A A A AREF Aol mHE TS 3] 25 S3=3
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Selle 5, 2000; Cowieson, 2005; Cowieson¥} Ravindran, 2008).

Hasting(1946)0l] W2W ZAAE AR ko] B FAAIEY IS o 4%
7 AFREEC] FIHATL s, Berg(1959)= AR EoAlE H7MSIA
S o AFEES0] FAHEYT T Bustgon, Matti(1988)= AtetAldl EAEIAE F
A5tAE W ARET ARERSO] AR, ARETlde AEE 8 AIREFE S| i
Akl B sk

S i 9o AR YRR gol AHEEHL e B, A, 3 2 a9 57

2 FEY QEES ARF4AE HES HIFEAE SGLaTEo] Zol Astr|EhfdA Y
o]-g/do] Wolx| 7] e 7tE9 FAHEC] HaFHe S AL Ak o2F dH &
2357l A3lA B-glucanase, xylanase, pectinase, protease, cellulase, phytase, amylase
I 2 ﬂ?l/‘é Ea) a4 7t NSP(Non-starch polysaccharide, H]|HEA th3d7F)e o]&
4 ARE 9% BLA2 ASHT Qom, AR U AT 294 T2E Pgoz
R AR W GRLE AUF 18T 5 AT, AR WIE FolW, FhEe) Ay A4

et

W Fga
2 7l Eadd ARS 53 734 RIS gAY = Jdut (Campbellzt Bedford,
1992; Bedford<} Schulze, 1998; Cowieson¥} Ravindran; 2008).
w3 HZ A FE8oR Qd ThEe Aol Aol e FIIAE A5
JAdS 771 5 #8lldel &3 AFEo] EiumEWA AAFCO (Association Of
American Feed Control Officials, Inc. 1986)¢t & €A 5 HA Zr=ZolAl FAA L A&
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715 AESAFE AZste BEFer 43 AEHA Qo] IAE AT 5 d=
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oA, B, EEA 5 2 d77F 28] JAHL e dH el
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F1LEAE olET ARHIA B 535 dY 4%

Basic Report: Documents By Top Assignees

source document list feed additive a ProEoXylE Print-Frisndly
Assignee Doc Count Percentage
NOVOZYMES AS 75 [§iK 126%
UNKNOWN 32 [ 5.4%
GENENCOR INT 11 | 19%
BASF AG 8 | 1.3%
FINNFEEDS INTERNAT LTD 8 | 1.3%
LASSEN SOEREN FLENSTED 7 | 1.2%
OESTERGAARD PETER RAHBEK 7 ! 1.2%
DANISCO 6 | 1.0%
DIVERSA CORP 6 | 1.0%
SJOEHOLM CARSTEN 6 | 1.0%
Humber of assignments in Top 10 assignees 166

Total number of assignments 506

Humber of documents after filter 251

Total number of documents in group 251

W2 EAE o E ARAA Bd B3 A 43

e

Basic Report: Documents by Publishing Organization

source document list feed additive a ProEoXylE Print-Friend
Publishing Organization Doc Count  Percentage

us 124 I 49.4%
wo 85 [ F— 33.5%
EP 40 —| 15.9%
JP 2 | 0.8%
Total number of documents in group 251

2. 22H e 7
7F A 2 AGE

O 20108 AAMA &4 AFFEE 3.3 billion US$(3Hsl 3Bz TERZ Ao d, =
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O =l AR Al #F
Animal Nutritiono]| /] A A}
A N% ol AFHRFE

oﬁ.‘l

O R HlolQ oEL Mgalo =z
Hoz QA AFAIEYEE 85

FA.

O 20098 A IZW AIEE FaA AFLE A7 oF 13499

CTC nfole, FIJME =
gl E5g e AR)
O BEFF 20119 79 7E oA AR

aloldl 2, O AYAZ,
AEAL,

&2 7HA A
A3 L FFY
o2 ARgshr] A9

ol =

= xylanaseE

811*% CTC BIOeIA #wjE st Sl=

A7 4.

FAo 7 ste AlEE d4 A= Danisco
Avizyme 150001 &

2FYoz As) ARDEIFH] 4
anAel Fart F49 2

o] A Ho] © 4]
A

A7He GAA A ALSF AT AW E dFoloj A o

of gk tha o2 HAFA & AME S E4A a7 FUE e, A, /714,
4, AEFEE, 9943 5o EE st sta Qlvlel, &Aool 23 F A AL
E& 7154 &R Y A FA Yol mj ¢ F AR AT
3. U AR HIMAI(EAA) AF A
A58 A FF A AFAAe F8 54 T8 AR
o bt RS BIElEE 54 HAzR=Z | _
CTCzyme CTCu}o] 2 ° v = 8 A (mannanase)
AALE manannase
o AskE W o3 AlREE A
o 28R 9 A5y e AE) & 24 (Phytase,
o A% FAEY ASAgor FdPUdEA Amylase, Xylanase,
il 7h 4] ol gy B-gl
. = -glucanase,
T o Aun A b5 FuAFE 27 @ 5 ,
F2A o]lgZ=Ho g ALEHTH] A 7}L Cellulase, Pectinase,
o FAMNM ®m o AAN) H Q(P) Protease)
$-ZH] h A A=) BwlsF A
o AskE W o3 AlREE A
o A8 9L A3 Ve st .
. ZbE maEe AeAgoR Fogmay B
o 7}~ o] 8-A] skA} (Phytase, Xylanase,
o AR ma o AAN) B QP B-Glucanase)
Ay Bs A
s BAaRTe FHUlE AFAE
Ei]&_ﬂ'/‘\l H]_o] ® {%—, /El]%;élp/] »—‘——il':%‘ %_-I’— é}%% ':J;:_‘% ;{S‘Lixﬂ (Xylanase,
EARe] o8 e ALEE WISIAE o] E3] WAt
o n ¢ 2Bl E 7 glucanases), A Al
o JUA A3t 2 o8 A & 240X
. o =A% W AR &8 =7} & A (Xylanase,
Hlulol Q. F= Al oM = A g
el R o MAZE Wol HAA B AAT NA FA B-glucanases)
- A
(2 =9 AFAS E AF A%

]}\E“]d/




O Diversa, Finnfeeds Int,, Novo Nordisk, Genencor, Mitsubishi Paper 59| 7|JEdA] t
Fe ZAAY A 8 ExH i BEo AAREFTES U 9 #HANE HAE %
AFERZHA, EAFE T AT ARG Ao o], AAS W F @ERAY, HAFd A
B 2= FAEERH Jdu@EAx, xylose %‘U]@%Xﬂ 44& &8ss 4% 74
care ¥AANF T TFE AFolA &3t UE.

O AR F7HE B4AE A xylanasest xylanaseE ¥ gste= EAEFAA IS o5
FaA 2 BEFAAY Aate] AMEFHIL e FAAELS FHol7l EES AAF.

O I FAME Trichoderma & HFEo] T2 o|&5H = o592 a4 AL AT &
& ARl HlE AR ety FE AN A 24S B

O Alltech endo-glucanaseE FAo 2 -9 Bz dAEIdFez HA 9 7S 4
3k Allzyme 8%F0] ZA|% 2.

O Daniscod] BE #AH FAAZ SAE 93 Avizyme 12F(E4Y 9712 2@ s AF)
7 =L _,46]- Porzyme 13%, A2} 71FS 93+ Grindazym 6%, ¢ ##H A|F
Phyzyme XP 2%-0] EAI S S

O 2006 F-H ALEW FAA 7 AAFAE AASHEUS] 3¢, Aoz A%k Ak A shet
BIARE LA NEY 75 BAZ LU B, PPARDIA, P8 59 B4
ARARE AL A7E AFHO .

4. 99 2H 7199 AP AFS 54

A58 Al F-olwl A AFAA S 8 54 F8 AR
- SAE AR FTHA
_ 100U 1
Avizyme _ u (wheat)/ 3 2] (barley) B atEol] 23t A= Yoo é ;5 glucanase
1200 - Her =2 X]'O]E]"/]'Xﬂi g8 AE 800U/gg PIZ)tease
- ZREokA A} vt
Avizyme - e AFoR Aoz Ayl AE 2500U/g xylanase
1300 - AL A e} R okA R g 800U/ g protease
- S, A, ed 548 AR FTHA 100U/g glucanase,
Avizyme - S AZES golatAl 9% AF 300U/ g xylanase,
1500 - AAL ggom AR AL A%} 4,000U/g protease,
- AR e Zay oA e AF 5
- FEE AR
Porzyme - X g (barley)/ A& (oat) F-iH=o A3 A= 400U/g glucanase
9100 - FF7A, ALl 2 7 400U/g xylanase
- wol7lE 1 01% AHg-
- FEg, GAE AEFTA
Porzyme |- @(wheat) BAFE] A3 AE
9300 L mo olile] gaEbAE 1A 4,000U/¢g xylanase
- Fol71E : 01% A&

* gy A F(Danisco)A 2] Ag FE
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ES5 &2 2 AE Yo 2HE 18§ 4 A 779 2 2 g4 Y FH

Characteristic XylA XyIF XylK1 XyIK3 XyiP XyiG iXylC MankK ManH XyIK2
e .. o
Source of ke x, e
hemicellulolytic i * i
microorganism
Streplomyces
Paenibacill Cellielosirmi- Cellulosimicrobium Bacillus Colinella Cellulosimicrobiim
i thermocarboxyd R
Isolated strain S Sp. crobium sp. sp. sp. laeviribosi sp.
us
HY-8 HY-12 HY-13 HY-20 HY-21 HY-13
HY-15
Gene 636-bp 1,188-bp 1671-bp o 687-bp 1,182-bp 1,023-bp o 1,272-bp 2,304-bp
(amino acids) (211) (395) (556) z (228) (393) (340) g (423) (767)
~H10- SHS-CBN
(20 ¢ : GH6-like domain.
Domain structure GH11 GH10 Fn3-CBM ND GH11 GH10 GH10 ND 10-
Fn3-CEM2
2 CBM10
67%
The highest T0% (GHG-like
(GH10) 65% (GHS)
amino acid B88% 978, Tove domain)
5209 (GH10)  64% (Fn3) ND 69% (GH10) ~D (CBM 10)
sequence (GH11) (GH11) (GH10) 90% (Fn3)
70% (CBM 10)
identity T9% (CBM 2)
(CBM 2)
Molecular mass
D) 22,900 42,925 58,206 36,000 25,522 43,962 39330 34,926 41,300 79,611
(Da
147.8 21.2 193 1092 2136 87.3 88.6 71090 14711 109.20
Specific activity IU/mg IU/mg IUmg IU/mg TU/mg IU/mg IU/mg IU/mg IU/mg IU/mg
(subsirate) {birchwood (beechwood (oat spelt (oat spelt (oat spelt {oat spelt (oat spelt (locust bean {ivory nut (oat spelt
xvlan) xylam) xvlan) xvlan) xvlan) xylan) xvlan) gum) mannan) xvlan)y
AppL.
J. Microbiol Antonie van Eeobon Proc. Kor. J. J. Mol Catal B: Biloresour. Enzyme Microb. Bi. Bi,
Journal Biotechnol. Leenwenhoek ”:" Biochem. Microbiol Engym. Technol Technol Technol. Technol
(2006) (2008) E (;0":9) : (2009) (2009) (2010) (2010) (2011) (2011) (2012)

2. T AYWnAEZRE 1ES (et shd
7}. Bacillus sp. HY-22 #F7} AAbslE xylanase 5.
»d 7] WG Fol s ANEE AHAStS 228 Bacillus sp. HY-22 #F7} Axste 184
xylanase?] 24 2 E4FHL 55Tt

HY-22 #F= 287 w@ddA 7HHL AIEE Ag44d dEste]  0.2%
Azo-xylano] XgEH R2A LA BJR| S o]83}e] 37Tl A uj O‘EO]-E] —‘—iq F¥ ] halo&
A3 nAE F xylan B3 EAHo] wj$ 53 FFEA ETSATH(McKie et al,

2001) E#3 FF= 165 rDNA B A3} Bacillus £ es = HAERE FAEUL, o
= Bacillus sp. HY-222 {9 3l3c}.

Bacillus sp. HY-220] A4tsl= xylanaseE AZYd= FHAS &H3F7] 95t GH11
xylanases®]  conserved  regiong 7|ZZ TARI®E PCR  primers (Bp-F:
CATCATCARCTKGGCAACAT; Bp-R: TTCATACATTTTRCCCATYGG)E ©]|-43} PCR
=2 FY3}o] xylanase gened 13}, genomic walking¥} nested PCR ®H-S o]-£-3
F2Ystq A7IAES FUsAT F2YE xylanase(xylQ)o] @71AEL 1Y 59
on, Zayd XyIC $AE 687-bpa T glon, 2879 clmialom TAHE
GH11 xylanaseE 1@z Ysl= AL AU (Luo et al, 2010; Collins et al., 2005;
Shallom and Shoham, 2003).

Xylanase9] &4 =74 birchwood xylang 7|22 3} 3,5-dinitrosalicylic acid
reagentE ©]&3l= DNS method(Miller, 1959)o] uwlg}l FJIFHS FHsIHUL, 4
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lunit2 12 Bt 1pg LS AAbste 549 Foz Hostqrh

&40 W8S 04 ml 1.0% birchwood xylan, 50 g¢ 05 M potassium phosphate
buffer (pH 6.0), 50 4t B&E H7Hste] S0TAA 102 F 8% T, 05 mi DNS
reagentE FH7}ste] 95TColA 5& B vh3 A7l &, Wzbste] 540 nmel Al FRFEE =
skt

\TGAATTTAAGAAAATTAAGACTGTTGTTTGTGATGTGTATTGGACTGACGCTTATACTG 60
M N L R K L RLLTFUVMTCTITGTLTTLTIL
\CGGCTGTACCAGCCCATGCGAGAACCATTACGAATAATGAAATGGGTAACCATAGCGGG 120
T A V P A H 2 RTTITUNUNTEHMSGNHS G
ACGATTATGAATTATGGAAGGATTATGGAAACACCTCGATGACTCTCAATAACGGCGGG 180
Y DY E L WZKUDJYGNTS SMTTLNNG G
3CATTTAGTGCAGGCTGGAACAATATTGGAAATGCTTTATTTCGAAAAGGAAAAAAGTTT 240
A FSAGWNNTIGNI AZTLTEFT RTEKTGT KTZKTF
ATTCCACTAGAACTCACCATCAACTTGGCAACATCTCCATCAATTACAACGCAAGTTTT 300

D S T R TEN:SCSETCSES - I N ¥ N A S F

\ACCCAGTCGGGAATTCCTAT TTATGTGTCTATGGCTGGACACAATCTCCATTAGCAGAA 360
NPVGNSUYLCVYIGNTOSTP?L A E
"ACTACATTGTTGATTCATGGGGCACATATCGTCCAACAGGCACACATAAAGGAACATTT 420
Y YI VDSWGTY®RZPTGTUHE KTGTTF
"ATGCAGACGGGGGCACATATGACATTTATGAAACAACCCGTGTCAATCAGCCTTCCATT 480
Yy A DGGTVYDTIVYETTRVNTG QTP S I
\TCGGGATCGCAACCTTCAAGCAATATTGGAGTGTACGTCAAACGAAACGTACAAGCGGA 540
I G T ATFKOQTYWSVROQTEKTE RTS G
\CGGTCTCCGTCAGTGCGCATTTTAAAAAATGGGAAAGCTTAGGGATGCCAATGGGGAAR 600
rvsvsasarkkweis e v EEES
\TGTATGAAACGGCATTTACTGTAGAAGGCTACCAAAGCAGCGGAAGTGCAAATGTGATG 660
Pl - - r 1 v Ec v o0 5s s G s ANV M
\CCAATCAGCTGTTTATTGGCAACTAA 687

T N Q L F I G N *
2% 5. Bacillus sp. HY-22 #F 25 E 2 F xylanase2] FAA}F A4

Bacillus sp. HY-22 #F& 50 ml LB brothE X sl 250 ml HzZetx=e) #F5
HE3te] 37C, 170 rpm _%Zjii 164175t B3t wigA S Faoz o] &3k F
o BjFd-S 2.0%(w/v) wheat bran, 0.9%(w/v) yeast extract, 0.9%(w/v) bacto peptone,
0.2%(w/v) potassium nitrate, 0.1%(w/v) potassium dihydrophosphate, 0.01%(w/v)
magnesium sulfate® E sl vjA| & o|83ste], 5 L HazdA 37C, 600 rpm, T3
1.0 vwn E7|%e] Aoz vjstgth xylanased] AL wjok 124]7ke] H| 275
unit/ml¢] xylanase @42 <13} c}
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3% 6. Bacillus sp. HY-22 755 o] &3l xylanase ¥l %

2e] #FEHE xylanaseZ AA|517] 9lsle] vkl e sRsle] AR 7S o]&3
o] 7000 rpmolA] 2023F A4AEE St wlGdFT RS IS vl g EE el
AR FS HUISH 4TA 1547 B¢ FAAEA
ot FHAES 53T
50 mM I4HEEE- M (pH 6.5)0 =<1 Thg, 4TollA 12A17F & FA5)1

O

AAES
ZEALNS Ao
z2EANL Lol uFHFAES o]83F FZulEIHI(DEAE  Sephadex A-50

ion-exchange column chromatography)e} 2 Z¥ =Z2rlE]3(Hiload HR 16/60
Superdex G-75 FPLO)E E3}o] A5t}

HF AA"E a4 2}k oF 24 kDal. 2 A%, SDS-PAGE Aol Al ©hlul = o]
dAaLE FAT At

¥ Mo

L
j —
2
T
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i P
_a__:-_...z.s__._._ jo ——--;:;----- 19O FapOpABpepT OO apapapspoTpepeleip
2% 7. Hiload 16/60 HR Superdex G-75 Z¥ ZZulEJ#3E T3+ xylanase

e AA

KDa r
972 >
66.4 =2

443 =>

29.0 —»

S - € 240
201 -»
143 => = —

s GPC fraction M.W.
marker marker

2% 8. SDS-PAGE ol Aol HAH xylanased] &A% HE

XylanaseQ 5‘44%—-1 g e v = 30, 35, 40, 45, 50, 55, 60, 65 = 70°Co A Ztzte] LEo

e LT‘_—% AL FAHsY] vustgdd. FHF ke pHE 40 ~ 10.0 ¥l A sodium
citrate buffer(pH 4.0 ~ 5.5), sodium phosphate buffer, potassium phosphate buffer(pH
55 ~ 7.5), Tris-HCl buffer(pH 7.5 ~ 9.0), ¥ glycine-NaOH buffer(pH 9.0 ~ 10.0)2 Z+
ZF 50 mMe] FER 50CAA 1023t Aste] a4 ihge SAHAFoZAN FAstAr

I A3, 50 mM potassium phosphate buffer pH 65014 50C 2] &% 3o HR-¢=
A gh(birchwood xylan)z} W3-8k w] 7] & t)3dt xylanaseo] E3|&Ado] Az Ve
Wtk §49 2xo ok dFF2 40~60TolA 60%°]ds &4S Jehlidla, pH
5.0~9.0 Atolell A 80% ol/del A& e At
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2™ 9. HY-22 75 f#f9 xylanasee] HZAWS 2% pH 2 A4 AE

Xylanase2] &Ado]]l thdl metal ion 2 chemical compounds?] TS <157 93,
Z¥z+e] metal ion(1 mM)Z} chemical compounds(5 mM)= ©]-83}le] 50 mM potassium
phosphate buffer (pH 6.5)5 3/-3F vH-3dof] 50C oA 108 Tt A
xylane] 3t gA48A-S AT}
XylCE= 1 mM Hg”'¢} 5 mM N-bromosuccinimide®] 10min7t =232 uj

A3 F%en, Cu®ol s REHoR Fio] A wE Aoz AUAHUS. Tt 2
&A= sodium azide, EDTA, ¥ Triton X-100¢)] 23] 10~20% 7}=2] &4 Ao Soi=E
T Aol FAFHAA T, FE ] ol A ALY @gHAA o|Fd o F7t
v g A @tk (& 6)

ol
L
ki
o

irchwood
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£ 6. XylC¢ metal ion¥#} chemical compounde] thdt A4 HE

Compound Relative activity
(%)
Control 100.0
BaCl; 105.8
CaCl; 96.0
CoCl2 118.6
CuCl> 70.2
HeCl, <5.0
MgCl, 96.0
MnCl» 131.5
ZnCl, 97.8
FeSO4 104.3
NiSOy4 93.5
N-Bromosuccinimide <5.0
Sodium azide 107.5
EDTA 98.2
Tween 80 (0.5%) 104.5

XyICel Thest s1del i@ 24e Wi AEs7] fste]l xylanase BHE HESE
birchwood xylan, beechwood xylan, % oat spelt xylan, cellulase &4& HESI=
Avicel, mannanase A4S ZES= locust bean gum & o] &3l 7RSS v
sl th XylC= oat spelt xylanoA] 7} =2 &4& VER S, birchwood xylanz}
beechwood xylanol] A= oat spelt xylano] H]d}le] 84.2% <} 81.2% A< &AL et
Wner, 2 29 Avicel#} locust bean gumol WA= &4 el A gkottt ot

A B AaE xylanaseo] thal 4L Ze A4dS &I F UAH. & 7)



F 7. XylCe thefk 71l 3k 24 Hlw

Relative activity
Substrate .

(%)

Birchwood xylan 84.2
Beechwood xylan 81.2
Oat spelt xylan 100.0
Avicel 0.0
Locust bean gum 0.0

3. 25z B2 Gy ndEzEE ohdola] sfu

7}, Cellulosimicrobium sp. HY-13 & £3] 2 mannanase fAALe] &1

FHF BEZ EFEHe Aol FUAT F, hdobAl(mannanase) #4E UERNE
TTE okx Thd(Azo-mannan)& 33 LB SR Fell A TdFS FREUL, LER
Almfol 2 21§ HAA o] (Cellulosimicrobium funkei) ATCC BAA-886 59 99.8% o] =
< AEAE Uehlio] B oFE AERAFlARH R S0 8 FAsen A
o]z 2H]¢ & HY-132.2 %yt

AEZZA|lulo]=2 208 & HY-13 dFE2HE =2 X <L (chromosome) DNAZ % 35}1<]
GH5 endo-H E}-1,4-7hdo} Al (endo-B-1,4-mannanase)d] ZEF 4R A gol thdk PCR
W3S FHSAT. A7]e] PCR 4HEL pGEM-T #E|(Promega)E F2Y3te A
mannanase FAA A EL AUk Mannanase gened} TFE {FAl E459 A9E& HE
Z AP dEQJHE (multiple sequence alignment)3+ ZA ¥}, mannanase’} Al £ GH5
endo-B-14-grdolAl s} wlg fAIE A2 SAHO2H endo-Bla-TolAls] B T
ZE 7 E 24Ye A
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Bacillus subtilis
lj Myceligenerans crystallogenes CD12E2-27, DSM 171347
Myceligenerans xiligouense XLGIA10.2, DSM 157007

Promicomonospora citrea DSM 431107

Promicromonospora serolata NBRC 165267

Promicromonospora vindobonensis NBRC 16525
Promicromonospora sukumoe-1 IF O 146507
Promictomonospora sukumoe-3 DSM 441217
= Cellulosimicrobium cellulans DSM 438797
Cellulosimicrobiun cellulans 123 DSM 438797

Strain HY-13

Cellulosimicrobium funkei ATCC BAABBET

Xylanimonas cellulosiljtica XILO7, LMG 209907

Xianibacterium ulmi XILOB, LMG 217217

Xylanimicrobium pachnodae VPCX2, DSM 126577
Isoptericola halotolerans YIM 70177, DSM 163767
Isoptericola dokdonensis DS-3, KCTC 191287
Isoptericola hypogeus HKI 0342, DSM 168497
Isoptericola variabilis MX5, DSM 101777

001

a9 10. Cellulosimicrobium sp. HY-13 2] 165 rDNA &3 2
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1 ATGAGACGACTGTTCGCCATCGTCCTGGGCGCEETGCTCGCCTTGCTCGCCETGCCGECG €0
M R R T F A I VvV L 6 A vV L A L L A V P A
61 CTCGCGCAGGGGGCGAGCGTCGCGAGCGACGGGTTCTCCGTCCAGGACGGGAGGATCTAC 120
L A Q G A 8 VvV A 8 D G F 8 V Q D GG R I Y
121 GACGCGAACGGCAACCGCTTCGTGCCGGTCGGCGTCAACCACGCGCACGCCTGGTACCCG 180
D ANGNG RTEFVYVZPYV GV NTEKATEA ATNTY P
181 TCGCAGACGCAGTCCTTCGCCGACATCCGCGCCGLCCGGCGCGARCACCGTCCGLCGTCETG 240
2 ¢ 7 @ 8 F A D I R A A G A NT V R VWV
241 CTGTCGGGCGGCCGGTACGGGACGAGCTCGGCGECCGACGTGAGCGCCGTGGTCGAGCGE 300
L 8 6 G R ¥ 6 T 8 8 A A D V 8 A V V E R
301 TGCAAGCAGAACCAGCTCGTGTGCATCCTCGAGAACCACGACACGACGGGCTACGGCGAG 360
C KQNOQTLUVCITLENTEHTDTTGT Y GE
3€1 GACGGCAGCGCCCGGETCGCTCGCGAGCGCGECECAGTACTGGACCAGCATCGCGETCGGTC 420
D G 8 AR STILASA AAOGTYTWTSTIASYV
421 CTGCGCGGCCAGGAGCGGTACGTGATGATCAACATCGGCARCGAGCCCTTCGGCAACTCE 480
L R 6 Q E R Y VvV M I N I G N E P F G N S
481 GGCTTCCAGAGCTGGACGACGGACACGATCGCGGCGATCCGEACCCTGCGCECEEEGEEE 540
G P Q 8 W®TT"DTTIAATLIRTETTILRAIAAG
541 CTCGACCACACGCTCGTCGTGGACGCCCCGAACTGGGGACAGGACTGETCGTTCACCATG €00
10 5T viIEEEEEESEEEEER ;: c 0 v s rF T M
601 CGCGACAACGCCCCGACGGETCGCGGECCGCGCGACGGGANCGTGETCTTCTCCGTCCACATG €60
R D N A P 7 vV A A A D G N V VvV F 8 V #H M
661 TACGGCGTCTTCGACACCGGGGCGGAGGTGCGCGCGTACCTCGACTCCTTCACGAGCCGA 72
¥y 6 vV 2 D ? G A BE V R A Y L D S P T 8 R
721 GGGCTGCCGATCATGETCGGCGAGTTCGGTGACAACCACTCGGACGGGAACCCGGACGAG 780
G L P I MV GETFGTDNTEHTSTDGNTPDE
781 GCCACGATCATGAGCTACACGCGGTCGCAGGGGATCGGGATGCTCGGCTGGTCGTGGTCC 840
A T I M 8 ¥ T R 8 Q 6 I 6 M I
841 GGCAACGGGGGCGGCGTCGAGTACCTGGACATGGTGAACGGGTTCTCCGCGAGCTCGCTC 900
¢ 6 ¢ vV E ¥ L D M VvV N G F 8 A 8 8 L
901 ACGCCGTGGGEGCAGCGGTTCGTCCACGGCGCCEACGGECTCAGGGCCCGCARCGEGCE 960
" P WG QRPFUV H G ADGTILTRATRINADP
961 GCGGCCTCGGTGTACGGGGECGACGECGGCGATGGAGACGGCGGAGCCGETACGGCACCC 1020
A A SV YGGDGGDGDGGAGTA P
1021 ARCGGGTACCCGTACTGCGCGAGCGCGTCOTCGGACCCGGACGGGGACCEETGEEGCTGE 1080
N ¢6 ¥ P ¥ C A 8S A 8 8 D P D G D G W G W
1081 GAGAGCAGCGCGTCGTGCGTGGTGCGCGGCTCCTCCGCGGACACGGGTTCCGGCGGTGRE 1140
E S S A SCVVRGSSADTG S GG G
1141 TCCGGGAGCGGGAGCACGGCACCGAACGGGTACCCGTACTGCGCGAGCGCGTCGTCGEAC 1200
$ G $ G S8 TAPNGTYUPYCASA ASSSD
1201 CCGGACGGGGACGGGETGGGGCTGGGAGAGCAGCGCCTCETGCGTCGTGLGCGGLTCGTCC 1260
P D G D G W GG W E 8 8 A 8 ¢ VvV V R G 8 8
1261 GCCGACCGCTGA 1320
A D R *

o

a3 11. Cellulosimicrobium sp. HY-13 @5 22 mannanase §HXA<&E

_34_



QC/;
Sli

Csp
\l .)p
S 5p
Sco
511

.Jp
V)p
Ssp
Sco
Sli

,)p

SBRWTBTSASEVSME GO
ERWTKTSASEVSALIGOCKANKVICVLEVHDTTGYGEDGAAN:

SALY J 5 \ ‘ 16
AADYWIEVK.)ALEGQEDYVVVNIGNE PFGNSNYAAWTDATKQAIGKLREAGLI \HALMVDA !
AADYWVSVKSA LhGObDYVVVN IGNEPF (JNTNYEAWTDATK SAI (:KLRGA(JL JHALMVDA l

¥
EFGEHSDGNPDE DY BEHY Oﬂg(‘TCYI(’W%WSGNIGCVEYI DMVMFIP (
EFGDQHSDGNPDEDAIMATAQSL'IGYLGWSWSGNG.GVEYLDMVNGFDPSLTNWGNR

*
208 BT 0 S Y—— g YCASRSE- DPDGDGH
IS G- i oM - o PATCRCR-ATYTIVG
GGDG By ’fvnﬁs SDEDGDGR  CBM 10

359 GRESSASCH HDL SGGCR
370 QEGGFQGE n|ufw
470 G RS .

CBM 10

GH5 domain

(65%
(623
(62%

618

(61%

X

2% 12. Cellulosimicrobium sp. HY-13 @5 212 mannanase domain £ 4]
Csp : Cellulosimicrobium sp. HY-13 mannanase
Msp : Micromonospora sp. [-14-mannosidase (GG657738);
Ssp :  Streptomyces sp. s6-204 [-1,4-mannanase (ABY90130);
Sco : S. coelicolor A3 (3-1,4-mannosidae (CAA20610)
Sli : S. lividans TK24 B-1,4-mannanase (EFD65759)
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1}, Mannanase2] @&, A 2 24
FAA MEo] #QUE mannanase geneS WS FAE B HAS] 95
Ndel/HindIll ¢] A&7 42 o]83te] TEMEQ pET-28a(+) MES Auhsle] 21|51y
3, pGEM-T ¥ E o] A ZFE mannanase gene> N-Ztal C-otho] z+z} Ndel/HindIll
ATdasr Alo]EE Egsle DNA ZglolH 2 A|&sle] PCR T@9HE2 2 DNA ©@H S
53519t pGEM-T(+) ZdWEH 9} 53T E mannanase gened A Z 313, E.coli BL21
Fol 2 dgsty F2UE 5519, ¥d HgdE 75 500 nfe9] Luria-Bertani
W RS EF3= 2 ¢ baffled-Z8f2=F oA 30T %9 180 rpme] I Ao A 747 &
At Wittt ghdolAl(mannanase)] THAHAS FESH7] fste] #Ade 1 mMe]
IPTG (isopropyl-B-D-thiogalactoside)E 713ttt widEo] F3F = (A600)7} 04 ~ 0.5
o=, wjgFH-& 7000 rpmol A 2087t AAE St T AS HEL JAE(A
)2 20ColA 1A B¢ Ay B8 E AMEE HIW 2B (BugBuster) e
7] &9 (Novagen)2 =23}l 12000 rpmoll A 2087+ QAR sle] a4 d8 HES
ATt Zr—%% ZAaANS HisTrap HP 21344 7,:;‘_‘34 A2 uE I ] (affinity column
chromatography)oll A 2|atd A zAS] A FAME Wyl wet ss9em AxFdE &
A5 AT 4] e EEHES 4-& F 20 mM Tris-HCI buffer (pH 7.6) =74
o A1 HiPrep 26/10 &< Z ®H(desalting column)el] = 2]3}e] | AT Fo] Al
AY EZHEL ALAG 20 mM  Tris-HCl buffer (pH 7.6) Oi Jﬂﬁﬂﬁ}ﬁ Hiload 26/60
Superdex 200¢] Z H(loading)sl|tt. © AHAAZ 317] H8IA =5 &4 EIELS Z
H ZZrltEI# 9 (column chromatography) Hiprep 16/10 DEAE FF -] w$ A2
n} & 78] I (anion-exchange column chromatography)oll % (loading)slx ZI}H o7,
1.0 M NaCl9] F=¢ 20 mi/min®] ZAA AHAE mannanaseE: FE3FHUTE 12.0%
A (gel) Z 7oA SDS-PAGE(sulfate-polyacrylamide gel electrophoresis)E 335l F
npA] BHEZAE E-F(Coomassie brilliant blue) R-250 2oz wwz-g 32133}
1344 Z2wtED Y T (chromatography) & 53 HAE ANzF Ao o|E el
(Zymography) 48 0.5% locust bean gum2 X3+ 12.0% Zg|otzmHolrlo|l= A
(polyacrylamide gel) Z7A)A 33ttt SDS-PAGE Zd] 50C sloll 158 =+ AR
3 whg-& Fysgen, vhE T B-14-vhdolAle] 4L T3 Bl =(Congo red)F Mo
2 gelstsint
I A%, mannanase= <F 44 kDa¢ E AL ztE a4 L 3l olm Hu
vk e mAAEY B-14-ghdolAl el vl wEtgS wl AEZFE mannanased] EAFL
ol~M Ae 2~ NEFw F2(Aspergillus aculeatus)e] A= B-1,4-whdolA| et 7} fAFe T
SHA| gt A E 2 A|nfolZ 2 H]E & HY-13(Cellulosimicrobium sp. HY-13)@ 59 ManK(35.0
kDa) 2 S. 2|H]©@2(S. lividans) 669 B-3hdo}lA](36.0 kDa) XHU= & ZHo=z et
o =3 AxdE FAAY EAFE Ao R & EAFEE v dH3 vr)sol
e GH-5 B-vhdolAl (>60.0 kDa)Erhe= ZHghth,

1:

€

M 2

L
T
O
=

o

rl
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kida = 1 2 3 4 5

Gl —=
50—
40—

30—
15—

) —»

15—

10—

23 13. FAE mannanase(manH)2] SDS-PAGE # zymography
lane S : 7]& wlAH ©alA : lane 1 : cell extract ; lane 2 :

affinity chromatography ; lane 3 : gel permeation

chromatography ; lane 4 : anion exchange chromatography ;

lane 5 : zymography (staining congo-red)

t}. Mannanase$] A13}3+3d EA AE
(1) Mannanase®] 2% 2%, pH % 3}8t5 E4

Mannanase2] 2z "h3-2 %= 37, 40, 45, 50, 55, 60, 65 % 70°coﬂA1 xapa el
Ao &ds AT RN G, 5 AL Ao x4 15 30, B 6023t
A T FEFHL SAsI vwsiyrh. HF vkg pHe 4.0 ~ 10.0 HL A T
AxtE &F8A(pH 4.0 ~ 55), A4td &F8A(pH 55 ~ 7.5), Tris-HCl $4ZF8(pH
75 ~ 9.0), 2 glycine-NaOH €32 (pH 9.0 ~ 10.0)2 Z+Z} 50 mM2] FEZ 50Tl A

5%t i%alo}oq Ao 9ES SAHTFoEN G

I A3, pH 6.004 50TC<e %3} locust bean gum} w¥k-g-g uwf 7]Zo) T
mannanase?] E&&do] HNFS VEFATH=E 59 a ¥ b). =3k mannanase?] €&
Ao ABEA, A 22(G0C)dA T4 whr7F oF 15802 eI, 55T
Z% 7% mannanase®] & E&/do] §43] F7FstTE (Kim et al., 2009a)

A
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120

100
80 1
60 -

40 A

i K
0 T T T T

Relative activity (%)

pH
120
100
S
> 80
x
2
©
S 60
o
2
£
& 404
Q
(4
20 4
0 . . . . ; ;
35 40 45 50 55 60 65 70 75
Temperature (°C)
120
<)
30°c
S
> 37°C
x
2
s
S 45°C
®
=]
3
]
(]
(14
50 °C|
0 T ‘ = ‘ ‘ =
0 10 20 30 40 50 60 70

Incubation time (min)

I3 14. Mannanase o] 3l 2% 2 pHeol ¢

2
ol
o

(2) Mannanase®] &dol] th3 F&ol2 B 33t 29 JF
Mannanase®] &/dol ek S50l 5 38 229 & Fdsty] 218, 72

Z£ol2(1 mM)# 38 =Z(G mM)S 50 mM sodium phosphate buffer (pH 6.0)Q+el A
50C oA 108 &<t A3t mannanased] &3] a4 A4S 590
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2 A7, mannanase?] Zw] AL Ca¥ol = stollA of 14w ol FrtEtdL,
Mn™ 8l Ba”sh &2 olrbefele ZAl A ma9 BAL o 128 Frisigen, Mg
Sn'E FA A 9L FA ookttt ¥, Hg™ 2 N-bromosuccinimide S}
283 Trp 2AEHAL 522 B AR, Cu”, Zn” 2 Fe's} 2o F&
o

mannanase 43S 50% o] AAS] A} (Zolotnitsky et al., 2004)

B\_:_
i

]

o o fr

O

® 8. Mannanase &4dof T3+ metal ion & chemical compounde] 2|3k F 3k

Metal ion and chemicals Relative activity(%)

None 100.0

HeCl, 0
CaCl, 146.9
NiSOq4 67.1
CuCl, 16.7
ZnSQOy 474
MgSO4 99.9
MnCl, 125.2
SnCl, 103.7
BaCl» 118.5
CoCl, 111.9

FeSO, 422

N-Bromosuccinimide 0
Iodoacetamide 113.3
Sodium azide 145.7
N-Ethylmaleimide 121.4
EDTA 19.0
Tween 80 (0.5%) 103.5
Triton X-100 (0.5%) 98.9

2}. Mannanase®] 7|2 Eo]4d & 75E3)] A4S 4
(1) Mannanase®]| 7]% <l
t}oret 712 o] th3k mannanased] AL B wE}7] Y31, locust bean gum, AFolokx}
du] whd(ivory nut mannan) 2 FolZ(guar gum)e] 7]FE-E o]&3to AAr] HAH

(i
Am
2
oX,
At
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mannanase 2] A2 ¥ w3t}

B-14-ghdolA] &A-& 35-t]v}o] E 2 4] A 8 4k3,5-dinitrosalicylic acid, DNS)2 ©]-&
3lod locust bean gumolA EEFHe #AASe T S SAFozZHN EASFAT o
] D-mannoseE EFEZAE ALt 0.5% locust bean gume 2 FAH 7|F 4
EZHE 05 mF} g4 89 005 o] AE3 ¥HS-S 50 mM sodium phosphate buffer
(pH 6.0) <A 50C 15% &<¢ FHds9eh. it 71de] dig 1 109 A=gd
mannanase &4 X F B4 ZASIA 183 1 umold] FHPFo] EH|F7] 3] E&

° q

Ao g2 Aottt ZEEAY PNP-F f=A= AxFH 49 ¢

2 Balgde 2387 9o 29%. Z=zzAY 749 tF AZTE mannanased)
s @4e Blagndeldl @Ae F BAdA 29 we zAdA ZEFAD.
PNP-2 fEAd] tha 1 IUe] B3] B4& EE 24 zAsIA 12 5 1 pmole)

2 Ed

PNPE 445b7] $1sld Bad wudel el Aoz Rolsdn.

I A3, B AF9 mannanase= ivory nut mannano] thal 14,711 1U/mge] &S
UEl= &4 0]H, locust bean gum 2 gua gumol] thalA Z+z} 8,498 IU/mg 2 967
U/mgel BARAS depit. ole® 272 Fajol Aolebd ) whue] o3 gt
olAle] Fo]d &AL locust bean gum 2 FolFo sk T4 A4 WSt Z4Z 1.7
B 152 BE Ae % 4 UNUTKE 9 R E 10).  obed, ANAMLAEE
(Carboxymethylcellulose), W= AT (Birchwood xylan), 7}-84 =% (soluble
starch), 2 HEl(pectin)T T BEBEL ghdoldlel os) BaEA ggtonz, u}%
M 2YIAE SbrRaEs B40 dd8 GAF CGHS pla-deldde & 4
AN

¥ 9. Bacterial B-1,4-mannanases?] 7|2 3 AtgA vw

5 an ?l/([];/;] ) ?}II); tSrE;. ilcjtiffllﬁt; Reference
(C) | (IU/mg)

Cellulosimicrobium sp. HY-13 rManH" 44.0 6.0 50 14,711° This study

Cellulosimicrobium sp. HY-13 rManHa 44.0 6.0 50 8,498 This study
Cellulosimicrobium sp. HY-13 ManK 35.0 7.0 50 7,109 Keim et al., 2011
Streptomyces sp. 527 Manb527° 43.0 7.0 65 2,107d Shi et al., 2010
Bacillus circulans CGMCC1554 ManbA*® 32.0 7.6 60 4,839d Yang et al., 2009
Bacillus subtilis WY34 Mannanase® | 39.6 6.0 65 8,302¢ Jiang et al., 2006

(S e

(oW

: Recombinant GH5 [B-1,4-mannanase produced in E.coli

: Wild type B-14-mannanase

: Specific activity toward insoluble ivory nut mannan

: Specific activity toward locust bean gum
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% 10. Mannanased] thekdt 7)Ao 3k &4 vlw

714 ol F4(IU mg")
Locust bean gum 8,498 +105
Guar gum 967+18
Insoluble ivory nut mannan 14,711+183
Pectin ND °
Birchwood xylan ND
Soluble starch ND
Carboxymethylcellulose ND
PNP-cellobioside ND
PNP-glucopyranoside ND
PNP-xylopyranoside ND
PNP-mannopyranoside ND

* Specific activity was obtained from the three repeated experiments.
" Not detected.

H AHEel 4
LM, WA Ms 2+ 1 mg/100 )2} locust bean gum(1.4 mg/100 nl)<S A
Z7 ‘?_‘r_‘ro]-xﬂ 1 pgo] £FH 50 mM sodium phosphate buffer (pH 6.0)9} 30°C 3}oll A
12417 &9t ke /\]74 23 AES Fgestdctt.  HPLC(High performance liquid
chromatography, HPLC) £42 Asahipak NH2P-50 2D Z & (column) (5 pm, 2.0 x 150
mm, Shodex)¢] A2ztwe] ¢la1, Xcalibur software (version 1.3 SP2, Thermo Electron
Co. )2 9%+ Finnigan SurveyorTM Modular HPLC systems (Thermo Electron Co.)<
ol-gste] FASIAUT. SE8A A(0.05% T/ EEF)9 §E8A B0.05% EEAo
HA71E oHAEYUEZ 2 Hes (7:3) o|F4E o]83%rt Finnigan LCQ Advantage
MAX ion trap mass spectrometer (Thermo Electron Co.)2 ©|-83}o LC-MS/MS(liquid
chromatography/tandem mass spectrometry, LC-MS/MS)S =3 5} 3t}

HPLC 45 Fdte] whdoba|e] g 7heR3e) 4AhaS <% 23, locust bean gum
of thste] Tt FAFIEOl=EE Ms ©]/3(394%)9 TH=-28] 2 (mannooligomer)<} T
2ol AFHow Ms(#2%)2 EHHAL, 2T Mi(11%), Ma64%), Ms(15%) =

(2)

l:l F{E
ot

o T
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My(74%)2 FE&Hoz FIPS A8k SH, Jlofeatdn whde F=2
My(25.2%)2 E3E ATk £3F, M3 YA Mse ghdobAlo] o8] tir2 Mz 3%,
7NAZA Mps whdobAlel] EafEA] ke A& SAsATHE 11). o3 2345 3}
o ghdolAle 2 Hoh & FPoE FE 92 EFY Fo WE ] B14-7e
S B + Jd' FYF endo-B-14-7hdobAlRl AE FRASHITE (Jang et al, 2006,
Benech et al., 2007.)

=

¥ 11. AA)E mannanaseE ©|-&3}F mannose-based materialsoll thdk 7}5E 3] A B A

Composition (%) of products formed by hydrolysis reaction
713
My M» M; My Ms Ms M7 Ms
M, 100.0
M; 3.5 60.1 31.6 4.0 0.8
My 3.9 55.5 28.8 9.9 1.9
Ms 41 46.9 21.8 16.6 7.9 2.8 0.9
Locust bean gum 11 6.4 1.5 74 442 16.1 21.4 1.9
Ivory nut mannan 3.3 17.5 13.9 25.2 19.7 129 7.5 29
* LC WA (LC area%)
4. Fd=s FE= 4E
hoAE F2e gy
Al e A zde Late thAX 2RAEE 89S Saururus chinensis® ko) A
= AR e o]&HI e AHE T shelth. O B2 FHEIHS} oA 2
o &%) e ALz Z 4HA vk
AMzE Aze BYR Urolq 1 F2EL FURE o137 dAste] AstAT
Az BE](SCR)E 10X(V/W) 70~95% N HLEg o|&dte] 204 6047 F +
23 g, TAE ol nYLL AAST F2AL 2tk F2AL FUA
2712 ol g8t FHe Fusth HME FHAL 10%W/V) *FAactose, okt
# FAET )T WISl AU THE o8] Az 3ERUL FuIAAT
Al A2 (SCA)E 10X(V/W) 70~95% A DdLEFS o]§3te] H2olA 6043 &2t 5
Z3le] 12} F29L FHala, 4X(V/V) 70% NELdF L o] &ate] Ao 4847 &
o 24 FEste] 292 FusYth 22 FYAZIE ol sl FHAL Fus
Atk Az FHAe 10%W/V) FFA(actose, obf, AR 5)E A7k 2
A2THE ol 83te] ez F2rus FRFHAT
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off
H
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i
2l
1=
P
r
40
e
o
e
12
ol
-
m:[o

AE o 3EFzd | Dry wit. | F FEFE IR
= Iy ,
(# 5 ¢ (ml) (/ml) (8) (%)
L)
o 70% EtOH 91 15.6 1420 28.4
(<I3H) 100 ml
22 hr at RT.
A AEE it stirrr?ﬁg 90 8.4 0.756 15.1
lﬂ|l
- 0
= 95% EtOH 84 10.2 0.857 17.1
100 ml
. For 22 hr at R.T.
ArHE
A5 with stirring 88 5.6 0.493 9.9

[A

v
222
1=
P
o
(1
il

A

9] B9l¥ LDL-oxidation &4 =7
(1) <o 25 H LDL(low-density lipoprotein)o] &z

AR dAdoA 7L AMRe dFoczHE YR 7](Beckman Optima
L-100K Ultracentrifuge)E ©]-83}¢] low-density lipoprotein (LDL)2 ®#|ditt. WA &
ol 0.04% EDTA, 0.05% NaNj;, 0.015% phenylmethylsulfonyl fluoride (PSMF)E 4]
Ao glE A Ae] WS gt} 8444x g(55.2 Ti, 38,000 rpm), 4Coll A 204 7HE
o AR HT FFol W = chylomicron®} VLDLE ZHojxz ywz] 315

L 2o 2]3] NaBr (heavy density solution)g ©|&3|4 LWEZE 1.063 g/mlZ

FEATE. THA] 8444x g, 4TolA 21417 B 2PAEES T FHAFF9 yellow top
layero]l #2]® LDLE sA3I¥ . £2® LDLE 10mM PBS pH 742 F43le] 15%
9] NaBr& AAstL, 4CollA BAstHA 17§ ool AHE-3tUTH

4]

V; =V x [D-Dl/Dz—D]

Vs

: volume of heavy density solution

Vi
D:
Dli

D,

initial volume of solution
required density (1.063)
original density

density of heavy solution (1.40)
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(2) Thiobarbituric acid-reactive substance (TBARS) assay
Gu”e ALE AZA Ao AgE f%(Gu2+-mediated LDL-oxidation)dFr}. whehi]
o] uwf  AAME  EX3 Aol AEAEEQd g dHE o] = (dialdehyde)E
TBA(thiobarbituric acid) o2 ZHH3sle, ATSHEZAES ikd @S FA3
(Ahn, et al., 2001)
DMSOd| =<1 A58 10 w, AMHES] Aoz HEH Y

oz
ML
AL
)
]
o,
oo
%
i
AL
rok

= . 0.
o] =<l 0.67% thiobarbituric acid (TBA) 1 ml2 FH7}sl wwtsk &, dR2dl-g-o] o}
=2 5ol 1587 7Hdstn AeBo] Wrratth ¥hg AL 3000 rpmol A 158 Eob
QAR F, A5dE 540 m FFNA FFEE FHYstY A4 ® malondialdehyde
MDA)9] k& A4t} $HH, tetramethoxypropane malonaldehyde bis (dimethylacetal)
A A-gNG o] 85t 0~10 nuol LE2T|LHSto|EE Z3stE PBS B8N 250 w A
FrETh o] EFRAES AU ZE WHoE WAAIA Mmoo FREE A,
garigsielss EZ4e Fah

%A 2T e 2+ buthylated hydroxytoluene (BHT)S A}&-313i T}

~—~

O

o

-

¥ 13. AWz =Z=E9o] LDL-oxidation &4 v¥]
Inhibition of LDL-oxidation (%)
Extracts of S. Chinensis 2011-07-21 2011-07-28
20 pg/ml 10 pg/ml 5 pg/ml
Root - 70% EtOH Ex 59.0 + 0.7 15.7 + 0.3 28 + 22
Root - 95% FEtOH Ex 438 + 14 253 + 29 6.2 + 0.7
Aerial part - 70% EtOH Ex 911 + 0.9 901 + 04 81.8 + 04
Aerial part - 95% EtOH Ex 898 + 1.0 8237 + 16 481 + 15
Positive control 637 + 17 658 + 08
(BHT 2 uM) - -
LDL-g4ksto] w9 =om, BE|F& 5 vd] AxFEEY Aol H =2
OE B4L oy AMeA 2L
$E2A98 AEE 0% 3L welsld 70% EOH 2 2398
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o} HPLCE ©o]-§3F 4z FZode] F8A4E £4
719 e R FR3 Az 2E99 LDL-oxidation &4E& Zte FE&EAHES &4

ol
317] 95t HPLC(Shimadzu 10A vp) 24 WS o] &35l &2 B4
Ao BEAHL nwsty] st 46 x 150mm, 5 unm Cosmosil 5C18-MS-II HHL- o]
|E+ Auto injector(Shimadzu SIL-10A vp)E ©]&3}a1, 254 me| 7ol A
PDA detector(Shimadzu SPD-M10A vp)E o]&3le] HZE Hln EAFAT 01%
acetic acid (A)9} acetonitrile (B)E o]®A Hu|lEZ o]&3}e gradient method
(EGML-0ld-100 min)Z o|&3}e] A3ttt
|1 F&& 53 & AA o A 70% St 95% S vl wEge 7
T I FEY Aol HE QIS & F UYL, dolA vERd ZHzHe] §uje] F ol A
70% oNHLZF FTolA B2 5 F d%eE=, HF F& {99

TEE 70% JELZFE FEE AP UTH

ofo
i
_{
D
-
T
=
—
O
o
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- SCR( 5} 5)-70% EtOH-15 ex-20 l
=0
Lignan compounds
e
A0
e
f- 2
o TN
[+] s x -] o) - al EH E-) o p i
b
o — e
. SCR-95% EtOH-15 ex-20 ul
=t
et
- =}
o o
L2
Q.J.._l . R
& [ o EY & ) a S ] o o
Mnutes
T
=" SCA(R & 5)-70% EtO1-1% ex-20 ul
=8
e
a5
o ol
] k] n E o L+ L i o] 4] i o
Miries
o — e
| = SCA-95% EtOH-15 ex-20 ul
=8
e
a5
o ol
i
-] k] n E Lo L] L i o] 4] i o
Ml
15. dELE w52 YUz FEd9 HPLC 447}



A3 A A BN 34 A2 A R A=A AR
923

1. AFg & A 75 S 2wk 249 AHE

7}. Bacillus sp. hostE ©]-§-3F U@ A|Ad 7

7] &H3 HENHE WHAANEZ o]83te] Bacillus subtilis DB431 ol xylanase,
mannanaseE ZILd A7) 7] 95l AFE-SS T

zyzte] &4 E promoter BY, terminator % <, shuttle vector A E& EHAEL T
3t= PCR primerE A Z3te] PCRES 33} expression gene cassetteE A 25har
Infusion cloning methodZE Al-&3}e] EHANEHE FA5 AT}

Xylanase &M EH = primer 492 5-TTCCTTAAGGAATTCTGTTTCCTGTGTGAAAT
-3 promoter F primers} 5-CAAAGTCAGAAAAAATAGTATAGGAGGTAACAT-3
promoter R primer, xylanase 9§92 5-TATAGGAGGTAACATTCTAGTAGTGAGTIGG
GGGCAT-3 xylC F primers} 5-TCAGCTGTTTATTGGCAACTAACAGCTC-3" xylC R
primer, terminator Y¥L 5-GGCAACTAACAGCTCATCTTTAATGAGGGGCAG-3
terminator F primer$} 5-TTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAG-3
terminator R primerE 4|35l PCRE 3 35}4] expression gene cassetteE FH|5H
o} olE ol&sted MEWEH HEIF 42] skl #1ste Infusion HD cloning
kit(Clontech Lab., Inc.)& ©]|-83}<] ligation & Bacillus subtilis DB431 T Fo FAAS
shelh (23 16)
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NO Py
\“p

prnp™

1=_.;.:I-.'I-“:-'-

Qv Ori-
Expression Vector

Over-expression strain

Infusion Cloning
Hetero-expression strain

Carbohydrolase genes

- Cellulosimicrobium sp.. Baciflus sp.,

Paenibacillus sp.
- GH family (Xyl, Man)

— I —
- -
Extension PCR
___ ] _— B
Py XWC, ManH.. etc Terminater

Expression gene cassette

39 16. Bacillus subtilis &5 ©]-&3+ over-expression @5 7j|g

i

1}, Jar fermentorE ©]-&3F xylanase A4F viX] 24 HE
ﬂ]ﬂb‘gﬂg 235t AEAZ 5 L jar fermentorE o] 83l G492 v 27HL HEFH
ot §AASE Bacllus sp. pHY-XylC TF= 50 pg/mle] kanamycing X%sl= LB
broth% o] 8-3te] 50 me/250 me HEEp~FN A 37°C, 16417 FF wjgEte] FHoz
AESEE T B vk vl Z2AE 2.0% maltose, 2.0% yeast extract, 1.05% M9 basal
medium-g ¢|-83}%d 3 L medium/5 L jarol A 37°C, 500 rpm, 0.5 vvme] ZHS 2 ujek
st W & DO #H¥s REUEHSY Ao 1.0 vwvme R 572 S FUTH
A71el wjkxAde o] &3dte] 22A|7Fo A oF 1,670 unit/mle] xylanaseE AAHHS &

T AT, o= %7] wild type strainol| A4 2] 275 unit/ml Rt} 6vj7t# F7151H &S
% & ok olF Mo n UFALE AT W 24 AEHAT,
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i T 1100

16} _
20 - 1 60
6.9 vy _

6.4

pH

(==}
=

—— DO

el ]
=

2

2

—F— Xylanase activ ity (unit'mL)

1 1200

1 800

1 400

—#—  Cell prow th (O D600)

=

b
[

0 3 10 15 20
Time (h)

2% 17. 5 L jar fermentorE ©|-83+ xylanase A2 HE

71¢] 5 L jar fermentor v SF profile2 EtHZ thEFAYAS 93 scale-up 34 NES
FHEITY. AL EE HiR] 2AE S 5o Y8R YAst 5 L jar fermentorE
o|-gst] A&LHHOZ FA AAAES =ol7] flste o8 @AE AAA, ¥iA 2AHE
AESI, wg TG feeding 34 TS HE Ytk 7] 3E4  H]Y(batch
culture)oll = <F 700 unit/mle] &4 AAS HFor}, uwjek Fo] 952 FVIE
feedingste] #-7}2] vl %(fed-batch culture) FH o2 HA3te] I ¥R A4S HESHS
o} olw o] ®ix] ZAE 50 g/L maltose, 30 g/L yeast extract, 20 g/L soy peptone, 5
g/L sodium chloride, 7]€} mineral medium& ©]&3}9 3, 37ColA 500 rpm, 0,5~1,0
vvme] ZZo A wj S St HZF 2,929 unit/ml9] xylanaseE AAHE = AT

ggste s 77 A gAdA e Mgz AL HAsete] FF oscaleup FF 7R
NZAEE 4T 5 Uth 20 ton o449 hFAYL A2HE 98ME 300 L, 3 ton, 20
ton®] Zzto] scale @AM I HASI dast FF olof] HF FEATFVE HQs)
o AR HTH

7S A ARATE RS 4 9EE GHE] St thE thEFAAA F
S AT
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3,500

3 000 Fed-batch 5!
‘ HH XI = = 5t r

E 2500

=

2

> 2,000

=

©

@

©

P

©

c

e

<

1,500
Fed-batch T¢
1,000 r
N I I
o 1R

Batch-1 Batch-2 Batch-3 FedB-1 FedB-2 FedB-3 FedB-4

a3 18. Xylanased] Wik A3} ¥4 /i dAE a4 &4

= %
F7-S A ujekst o2, 32l 3 L/5 L jar fermentorE ]85} seed cultureE ’\fi]}
T, 2 FoA 7HE 953 v S large scale?] seed® 23T 3 ton HEZF
B3t= scale-up SFAE Fst AlE AASEATE g5 wgd S
E olg3te 13 IAL AA S filter press FHE AH TAS £
39t FgE wgdS thA] ammonium sulfateE o]-&3Fe] 22

=]
“
o]-€5l% ammonium sulfateE A Asty T= F4L A

ammonium sulfate

E]:_].' H ‘_|E §]'T'
]_

ultrafiltration &3-S S Q—ié}‘}}
o &% a4d By A (dextrin, lactose, FHED, AEA Zd FE JUlstd 5%
AAZ 3HE AA AT sLETS AAsidnh

%

~

4710 AnE vz Y 77 PNl 5T Aew BuHE, B
$% scale-up 7122 MAsted Y44 S HES Past Uvtn ARE
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ton WEE
CHES ot

Filter Press
=8 =2l

|

. @497ke AR

Jar fermentor

0.3ton HE=Z
HY 2

B ¥

=

-} s

et b=

_/“\_.—

20ton YE=
CHEd Lt

Freeze dryer

= £y

UF system

=24 FH

I 19 A8 Ao A

H7HA Wit E

al o
FAE

In vivo, in vitro A& A% ALSH7IA A1F Ao wFvE F o Zo] T4
o 5 golAEd dA EFH BEFELAE ol &St AARELE AMEEHE FERA
ES ol &35t 7teEsEs HESIYH

HExEHQ AlREE FEHRAE(ERF)S " (wheat), S5 (corn), ™HAHHcotton seed
meal), °kA}HH(coconut kernel meal)ol] thEk 7R E FAYFS EAEAUT FAH
ZLS DNS methodZE o] &3] SAHIHY, EFFAL xyloseE ]8435l DNS method
£ ol &3ty FA FHFE o185t FHsHAE 01% Enzyme BE i3 FEFA
22 50 mLo] 50 mM QIAHHEE R (pH6.0)S 343k 250 mL A4ZESak2=o] 2% (w/v)
o FEE 7 FES Thg, 40Tl A] 100 rpmi wykstHA 0, 1, 2, 4, 8 AIZHER

F 14 AFH7HE AR AIE wl ]
Enzyme A (/Kg) Enzyme B (/Kg) Enzyme C (/Kg)
Protease 800,000 unit 800,000 unit 800,000 unit
Xylanase 2,000,000 unit 2,000,000 unit 2,000,000 unit
Mannanase - 500,000 unit 500,000 unit
SC-powder - 60g
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Reducing sugar
(ug-equivalent/mL)

Reducing sugar
(ug-equivalent/mL)

oyt A= AlE Q] o] §EEY FTFES F F UL AR FAHHY, 53 FEIA
SuAEZ A A dollA B2 FS AAStL e xylano] e §&0] =2 AL 7=
coEge] AHUHOR IS F F UL Ao wustel vl HPUE ol§st]
TE 7ol Aol o]&stt
1,200 250
u Wheat ® Corn
1,000 -~ 200
-
800 @
gg 150
600 - ng
B8'S 100
400 aF
25
0 - 0 -
0 1 2 4 8 0 1 2 4 8
Reaction time (h) Reaction time (h)
250 250
Cotton seed meal m Coconut kernel meal
200 i ’g 200
5=
=2 C
150 o 150
=t
Q=
100 5 5 100
%
50 = 50
0 1 2 4 8 0 1 2 4 8
Reaction time (h) Reaction time (h)

a9 20 EFFEALE ol &% AIER R Tt RdE AE

o Al AETe] 24 HE

ARG ek ABE AL AETY BAHE was] A5 HEA dAY B
A2l xylan¥} mannane] th3t &4 XS HEFICL

Xylanase activity= 1.0% beechwoodZ 7| & & A}-8-3}9 3, mannanase activity= 0.5%
locust bean gum& 7|42 ko] Ztzke] BAE 2Tk wm hate] HE ABE F
U sFAEAIZEH 9858 I35 4o, 3l ‘A'AL BAL 'CAMY AEFT &9 D
Atel AEFES 47 vttt 7HEARJ] B2 Il AFS 3,5009~6,0009 Atolel] gl
on, #9 ABE 10,0009 BT stAez ABE T o).

ZY AE A9 xylanase$t mannanase’} EFoz o] fH ALEHIIA AFo] Qo
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= AA} AEFL 330 unit/g xylanase &4S YERN 1, mannanase= Q0T 4 ¢l
3, BAFS} CAL= xylanase 4L A3 & ¢ 3, mannanase 432 450 unit/g 7}
550 unit/ge 2 ztzb ZAEYTE 319 AFE = xylanaseE: FAAE O =3 D—/\}-‘E 1,900
unit/g9] xylanase €48 YERRSITE FolAY-2 2,250 unit/g xylanase T4z} 585
unit/g ¢ mannanase &S QAT 4 o (2™ 21).

2500 1000
c:
= ] =
£ 2000 800 §
s z
2 1500 600 2
: 3
: :
- <
g 1000 400 :
> ]
< =
I 500 4 200 I
0 0

Joazyme  AA} BA} CA} DA}

a9 21 AEAE I Al Al F79] xylanase, mannanase &4 W] n
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2t AR HTEA A EAE
2719 MFH 2 " AARHTIAY A gAES xolx
HA7tA ] REALEY FAA FHo g EE2L =

AeESEWE Al IB4C0029%
AZEF : HZALE - §44

ZO0}XI2l(Joazyme)

Feed enzymes

YESRUS ysg

« H| 1B4C00293% - 1Kg

28712
» FAN(ZOIALY) 2 - HEZY28EH 2EMA|
« 7| A|2HHA| 1,500,000 IU/Kg cEEHT|

+ 23|42 |0k%| 800,000 IU/Kg

* BHLILEH| 500000 1U/Kg

+ SU CE AR B0 I 4 2ooe 5o
S Al 2.

o ch'lil Eaks) -m U E SAAl

AR2 B F2 §50|2 H310] g4 4 glene &
"o wOLAO|Lf Of~ 3 8 A 3f0] HYetA|
« HiEALE Y 9 =Tt UTE FAAL. =

g2 o 8%
« AL2ECH 05~1.0Kg(0.05~0.1%) H|8 * HAEHE T30 Hsdta 80| Eil=
2 =510 X|& 2o| = Sct HE20] 2250 FHA2

< JhEet MBS ey, 0|2, WM 50| o
10~20g/ *{ ZO|BJL{CH, H oat wel dons A naE o

« 2F0| i 22 G0|7|FS Aoz =Y 5H0] HASIA|ID, HEE H0{a]7} WG
<900, ojmyl HAHS WO MO0l o0 Emoje ojaal dmu oo
& M2 HEM 2HZH glSuch « OfAF SHAA] TLUIX 0] 2O|B10] FAAIQ

-y (P18 EH|0| 264
Imsext Biotech Co, Lad,
EX
ul"'" 305-811 CfTA| G4 SHIHE 162801 3
Tel : 042-862-8440 / Fax: 042-860-8472

e RSt
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Al 44 FEd HI Ve AR A BT AT

1. In vitro AE 43} =3 A¥

AP A

B Age A 3 Z5F Boison and Fernandez (1995)9] A3 7]|2& T3 &
Ag 71719 AR AER 24 WHEE TG AP s AFA Y AslHEAR
FHeH, o

Boison and Fernandez (1997)¢] AgolM = tgeS LT3 F 3utAle Aoz A3y
AYstFA g, g 43 DA oA AMESle B8 &4A (Viscozyme® L, Sigma
s

ﬂ/
U
Foll Mo 43te Azl I AE AFEE G4 A4S FAsHTh
(6]
V2010) o ¢ oH A7re gae] Zvt FAEA ks 7hede nEste Y dE 4

&S Bty a4AY A4 £5F 2L HEE gy
Q) A3 AE 2 FZ2A

A AR = AqUA AR 3FF/ (S5, BE, &), gl d Al 453/ (WFE, AF
uh maul guh g AaAstgoen, B2 G445 Enzyme A (152 AMEstT 2%
oA H7FEFLS 05% FFolA 10% 7R Z4zte] dBAEEE APE AAEY
t} (X 16)

44 97}, Unit/kg
Enzyme A
Protease 800,000
Xylanase 2,000,000
Enzyme B
Protease 800,000
Xylanase 2,000,000
Mannanase 500,000
Cellulase 500,000
Enzyme C
Protease 80,000
Xylanase 2,000,000
Mannanase 500,000
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1 g (<1 mm)S 100 ml 4z} Zet2==0] FUsAT
5 Z2A AgFedMes 37 sERMEY aaAE
2l blankE ZF st A3t Step 12 floll A<
2 24 01 M9 =89 (pH 6.0) 25 ml 9 02 M2l HCl 10 ml
O %, 1 M8 NaOH &7 HCl 84L& o] &3}
B4 AEE pH 2022 =243 &, wlg] FH]E pepsin &9 (porcine, > 250
units/mg, Sigma No. P7000)2 1 ml¥® =itk whgglote] AFL oAty 96
chloramphenicol 0.5 mlE ¥1, 4 H2 ¥ 39CE dld® b sgr]o] € 64
7F EQb wukE o).
(1) Step 2
@D Step 2= A A9 A3HAHL 23t Ao
k=g o (pH 6.8) 10 ml9} 0.6 M2 NaOH 5 mlE = 2
Az} HCl £9L o] 43le] 24 A|5EE pH 682 A3 3, ulg
&9 (porcine, grade IV, Sigma No. P1750) 1 ml& ¥, F74<& €& —?— 39C= o
dE wyk wirlel ¥ 18413 FF mytstith wyko] ¥ AlgE A

- E 1
AEAN AN G0 5 miE B F 20E B 25K G ofn=ie FANA

~—

A9 S 2% AL 24 ARY BHEE LA gD MAAE YRR
0.

5 g9 celite® E 3= glass filter crucibleg o|-83to] 2
=

+ E4%* (Fibertec System M, Tecator)E E3f 343t 42 Z82=3+= 1%
Ay s gdog 23] HojA glass filter crucibleo] FY3ste] Folde FHE

A, oleb23} ofAlES 10 mly Z+zh 23] glass filter crucibled] ¢
sl goldle A AES &dlsidd. JFREe 355 m glass filter crucible-&
Az71E o83t 105TAl 6417 Bt A=zttt ol3A +d FfFE FA
o Ao AME-E HEAIE G FAAE ol&sto I AE iﬁ}%% FAsA o

Aol AlEE 98 AR W A £ Sauvant et al. (2004)o] HAIH TS 7=
oz Fgom, 9 4P T QL BAE ok AN A 0 AR L e
=43kt

. . EANEAESHF - AFEDAETH
]_ A= [e) 07 _ Y = =
A AAELTE (%)= T AT AT T 100

A3d dlo]EH = SAS (SAS Inst., Inc, Cary, NC)2] MIXED procedureE o] &34 &4
3}915} 1R a4Ale] HZHA7E 2REAW 4 A HaoAsH TS Al
3t & PDIFF option ¥ Tukey’s adjustment® 53] HHFHEIE] 2ol& HA
erxéoﬂjﬂ 223 P-values® YEAZ HA3sty] &) wlzz Zz=a9
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(Saxton, 1998). B4 4 <l F2/4-& P-value7} 0.05 o5t w2 3}t

6) 4% 2%

Zzte] ABALEAA &
(F 16). &me] o EAA
A=, By 8 S5E

A A ekt

£ 16. Effects of an enzyme complex (Enzyme A) on dry matter digestibility (%) of various

ingredients'
Enzyme inclusion rate, %
SEM’  P-value

Ingredient Control 0.5 1 5 10

Wheat 85.6° (4)°  874° 862" (6) 866" 864" 034 0.018
Barley 79.5 (4) 799 79.5 80.0 - 045 0.754
Corn 711 - 70.8 - - 013 0.179
Soybean meal 77.9 - - 77.9 - 0.66 0.942
Palm kernel meal 253 (4) 24.6 25.0 - - 0.22 0.192
Rapeseed meal 60.1 (6) 61.7 60.8 - - 0.95 0.505
Cottonseed meal 60.1 59.8 - - - 0.62 0.791

"Each mean represents 2 observations unless indicated in the parenthesis.
*The number of observations are in the parenthesis.

**Means within a row without a common superscript letter differ (P < 0.05).
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(SAS Inst., Inc, Cary, NC)¢] MIXED procedureE ©]-£3]jA E2A3s}
aaAe F7kA7E TFEHAS 24 A HoAeH
2 Tukey’'s adjustment® F3 HAZE U AolE A
P-valueZ} 0.05 o]st¥d wj & sttt

r:lJ

N
Bage FAAA fege

6) 438 2%

Ztzte] ABAROAN Fadel

(&
5 oHPe] HEad)
=1

A A7t mE 3T dE
17). a4Ale] A7tEvs 49 2 Bdi FEHAA UrE}
L 9ok 19 2 14% unit FAFHFo, A

[e]
=
Eastg2 oA ot

43hg9

o8 =2A 2t 1 .

=
v g T8 AF (3 2)d AHEE 98 ALRd 49 3 Hy
2 o] &EHe 9EAES SFTE FEATEAN TFAHT.
i 17. Effects of an enzyme complex (Enzyme B) on dry matter digestibility (%) of various
ingredients'
Ingredient Control Enzyme B, 1% SEM P-value
Wheat 85.8 87.7 0.43 0.036
Barley 80.3 81.7 0.16 0.004
Corn 73.6 74.6 1.56 0.660
Soybean meal 74.8 75.2 1.22 0.826
Palm kernel meal 29.2 293 0.20 0.773
Rapeseed meal 62.1 62.2 0.58 0.921
Cottonseed meal 52.8 50.8 0.75 0971
Copra meal 50.8 50.4 0.64 0.682

1 .
Each mean represents 3 observations.

’SEM = standard error of the means.
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ot B3 F4A (Enzyme C) A3

(1) 493 1=

(3) A% Wi
A3 e o 4¥ (JE VI EF FYstA ARtk

At A2 9 AF (EE 7h)H L3 A HHE A8tk 243 HelE= SAS
(SAS Inst., Inc., Cary, NC)9] MIXED procedureE 0]%—8]]/\1 72X ]—3}1:]— TN SFE =
aaAe H7kAgrE FFEHAAR. A e HaA 42+ & % PDIFF option
5l Tukey’s adjustmentE T3 Bogs7re Aol 714703}93\‘4- TAAYL FYELS
P-valueZ} 0.05 o]st¥d wj & sttt

mlm OI}
r:l.l
A rlllo
N
s
r

5) 4% 27
Z4zbo]l ABALE A A Hrlo wWE 3P AE A58 WIlHEHs FFSAT
(T 18). A4AY F7tEaFdE 29 2 B F=eAA JYEgT (P < 0.05). 49
Bl AEAEL ¢k 22 @ 1.8% unit FAFHUCE AT T2 YFAES] A
2A H7tell o8] ZA DA A Ut o] AF}e= dA FHE Enzyme
H A7} X3ttt o] Enzyme CE &4 FF 2 97}e) 9JolA] Enzyme
A

Boll #3k A3 )|

Bl A 2] &7] fEQ] Aoz ®HArh Ed B Aie= Enzyme Col st 3&E4
ol ¥ B HIAE ITFATIE Aol HAATFE BAE. FHe] Aglgo] GaAY H
Zhell o8 Ao 2E 24% unit FAEAo, BlwE Z WHo] B F FAHA F9
dol vrEREA] edskth. gHbe] Ao Z|EAo R Agtgo] U UEHSEE & 5 A=
ol (F 187 % 19), ol 9kg Askgo]l FdE e Fol Attes AL Yn|d
Tt Al &gt E A e duA] RS EAE ARE ELE Ndste AL & 97
£ 7 F A& Aoz Hdth
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£ 18. Effects of an enzyme complex (Enzyme C) on dry matter digestibility (%) of various

ingredients'

Ingredient Control Enzyme C, 1% SEM? P-value
Wheat 86.1 88.3 0.35 0.011
Barley 79.8 81.6 0.09 <0.001
Corn 84.6 83.8 041 0.219
Soybean meal 76.1 73.0 1.30 0.161
Palm kernel meal 25.7 28.1 0.88 0.134
Rapeseed meal 61.6 63.7 1.21 0.289
Cottonseed meal 57.2 56.2 1.06 0.526
Copra meal 52.0 52.5 0.21 0.153

"Each mean represents 3 observations.

’SEM = standard error of the means.

i 19. Analyzed chemical composition of corn, wheat, and barley, as-fed basis

Item Corn Wheat Barley

Gross energy, kcal/kg 4,015 4,080 4,046
Dry matter, % 86.1 89.3 88.0
Crude protein, % 7.31 11.68 1256
Ether extract, % 3.27 1.61 1.39
Crude fiber, % 1.88 253 512
Neutral detergent fiber, % 11.22 13.80 23.68
Acid detergent fiber, % 248 2.70 7.84
Ash, % 1.65 1.81 242
Calcium, % 0.16 0.14 0.14
Phosphorus, % 0.26 0.30 0.31
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2 %% TA (Enzyme OF H7HE ARE FAT A9 A 258 85 27 43

2 AYEA

IFF AA FHA 65 (NAAIF <F 358 + 33 kg)E ALEFol|7|7F AXE tALE
2 Agatglon, 67le APARE TR S5, o9, B 3o YEA
= 5% 44 (Enzyme OF H7H AT AVbshA gL dzT72 2424 T
Bote d¥e JAstint (E 20). 5 544 /‘}ﬁﬁ A= S5 Pﬁo}‘ﬁic‘
fﬂl

6 x 6 Latin square design® 2 TE FE©| 7z} AFAIEd 3 w4 &=
}s9.2. 1, Balanced Latin Square Designer (Kim and Stein, 2009)& ©]-8-3}¢]
Q= HolZ7E ALsshdrh (F 20)

o ALE Fol 2 AEAF

dF A EAHHAFS # FHZM FAAA 2 258 FEFeR Fosfen, & F&
oA 74 30EF} F 34 0ELZ o] 23] Fosfth Al Folr]ol JFe] US
Beddle A *‘Xﬂ /\}E*éﬁ%‘f Aol A&stgom, Atgd ek H-g7] 3] A
W o]3, 497+ B By 52 AR QPR FASYT B2 XHH“ EA A
< ©|& (Adeola, 2001)3}04 FASHAS 2+ A7 4dA oA, AR Al (At
AE)E HAAM FAstm Boll ZAIAS Mol YEhts AlFHEFH RHHE Al Z‘ro}‘ﬁi—fﬁ,
8UA el ALEC BAAE AolA A% F, TAAL] AMZo] Fd thAl UERH
O AR7AY] & AFASATE =9 AFHE 497 2 F 24 FH S‘QKH 2 2A71A]
FASETE. 2 019 FEAYAAL Kim et al. (2009)0] A&F H@Ho| upsich.

2}t 33} FA

AEALE 9} W FALE, B, = A|E & bomb calorimeterE 0|83} F oA S FH35}
Aok AFHE £ dx27|E ol§sto 55°ColA 72435t Axd & & F
Ag FAsAT 2 o199 384 2472 Kim et al. (2009) A<=
=

ahooldA &8s AN D BARA
HAE A P 23 w2 RulE UA Fe o83 U LBEL AN
Stk # % AUAE ZHst 4D AR W AUAAM FAF el



=45t
7h 28kl U A (keal/kg) = AL F o U A (keal/kg) — &% o F A (keal/kg)
a2 F, 7tast duAdA = F qUAE FAste] At UAE S8
AL U A (keal/kg) = 7+ 223l A A (keal/kg) — =% U A (keal/kg)

A8 dlo]E= SAS (SAS Inst, Inc, Cary, NC)¢] MIXED procedureE o|-&3jA £
sttt MR AIEAYR Y9EAEY 23 main effect, EAFH7F] 23 main
effect, & interactiono] X FHAUTE gHT2= FE 2 7|7o] EFHAUTE 2+ A9

=
HAhASHTFE AL 3 & interactiono] ER|3= 74-9-ol= PDIFF option % Tukey’s
adjustments &3 FEFEDS 2ol HAASAT o] FAHANA 2EH P-valuess

EAE Agslr] 8 dlze Z2 39S o] 85ttt (Saxton, 1998). AFek9ls FEE
stgem, EA A £24-8 P-valueZ} 0.05 o|5tY w2 &Fth
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& 20. Ingredient and chemical composition of experimental diets, as-fed basis

Diet
frems Corn ]g?;;n:—e Wheat ‘gﬁ;}?ﬁng Barley BEﬁ;};ng
Corn 97.00 96.80 0.20 - 0.20 -
Wheat, soft red winter - - 96.65 96.65 - -
Barley - - - - 96.80 96.80
Limestone 1.00 1.00 0.90 0.90 0.75 0.75
Dicalcium phosphate 1.10 1.10 1.35 1.35 1.35 1.35
Salt 0.40 0.40 0.40 0.40 0.40 040
Vitamin-mineral mix' 0.50 0.50 0.50 0.50 0.50 0.50
Enzyme - 0.20 - 0.20 - 0.20
Total 100.00 100.00  100.00 100.00  100.00 100.00

Calculated composition

Metabolizable energy, kcal/kg 3,311 3,311 3,194 3,194 2,817 2,817

SID*Lys, % 0.196 0.196 0.297 0.297 0314 0314
SID-Met + Cys, % 0.306 0.306 0.426 0.426 0.400 0.400
SID-Thr, % 0.230 0.230 0.317 0317 0.274 0.274
SID-Trp, % 0.049 0.049 0.226 0.226 0.085 0.085
Crude protein, % 8.03 8.03 11.11 11.11 10.94 10.94
Calcium, % 0.629 0.629 0.620 0.620 0.624 0.624
Total phosphorus, % 0.475 0.475 0.250 0.250 0.589 0.589
Available phosphorus, % 0.236 0.236 0.244 0.244 0.244 0.244

'Provided the following quantities of vitamins and microminerals per kilogram of complete diet:
vitamin A, 25,000 IU; vitamin D;, 4,000 IU; vitamin E>50 IU; vitamin K, 5.0 mg; thiamine, 490 mg;
riboflavin, 9.99 mg; pyridoxine, 493 mg; vitamin Bp, 0.062 mg d-pantothenic acid, 375 mg;
niacin, 62 mg; folic acid, 110 mg; biotin, 006 mg Cu, 25 mg as copper sulfate; Fe, 268
mg as iron sulfate; I, 496 mg as potassium iodate; Mn, 125 mg as manganese sulfate; Se, 0.38 mg
as sodium selenite; Zn, 313 mg as zinc oxide; and butylated hydroxytoluene, 50 mg.

’SID = standardized ileal digestibility.
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i 21. Analyzed chemical composition of experimental diets, as-fed basis

Diet

Ingredient:

Corn + Wheat + Barley +
Ttems Corn Wheat Barley

Enzyme Enzyme Enzyme
Gross energy, kcal/kg 3,798 3,852 3,951 3,931 3,887 3,928
Dry matter, % 86.1 85.9 89.2 89.1 87.8 88.6
Crude protein, % 7.28 7.03 11.58 11.44 13.11 13.12
Ether extract, % 3.08 3.23 1.60 1.67 1.88 1.53
Crude fiber, % 1.80 1.80 2.38 1.98 4.37 4.82

Neutral detergent fiber, % 17.28 19.96 16.24 20.47 23.22 27.96

Acid detergent fiber, % 217 2.67 298 3.37 542 6.87
Ash, % 3.63 3.80 419 4.53 494 5.09
Calcium, % 0.69 0.69 0.73 0.77 0.73 0.76
Phosphorus, % 0.46 0.46 0.52 0.58 0.60 0.59

¥ 22. Treatment allocations for a balanced 6 x 6 Latin square design'

Animal 1 Animal 2 Animal 3 Animal 4 Animal 5 Animal 6

Period 1  Wheat + E*  Corn + E Barley Corn Wheat Barley + E
Period 2 Corn + E Barley Corn Wheat Barley + E ~ Wheat + E
Period 3  Barley + E  Wheat + E ~ Corn + E Barley Corn Wheat
Period 4 Barley Corn Wheat Barley + E~ Wheat + E ~ Corn + E
Period 5 Wheat Barley + E~ Wheat + E ~ Corn + E Barley Corn
Period 6 Corn Wheat Barley + E ~ Wheat + E ~ Corn + E Barley

'First-order carryover effects are balanced.

’E = enzyme addition.
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7R 2 el (P < 05). A ek oA 23tEL Hlo] H]E|A
oA =:3hot (P < 0.05).

ia}g‘r Zo] dfa
i, AR ARl He 73‘%011-5 238 B
4 %tk (Kim et al., 2007). £ 17
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Hele] oA 23kso] o
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AFAZ e aARET= WOy SgFALR HWHHE Z i}O]% Holx] gxttt.
ol Hg 4 oA &3hgo] S5 5
T v =7] & ﬂoi Heldh

NAA 434 APgA DEAIE 2 FAATY A5 eERA] gt (T 24)
BaAY] HAVF S5 2 /\““4 NAA 4238 oF 3% T ngre] T oz A
7171 stEe AR foAHe itk 4889 EFexUF 11% ¢ A &4
Aol 37t TAA FoldE Holr] s HAE 33% olde AolE Hojof Hrt
XA in vitro AP ZATANA FEaA 3 HE AgE] TFE o] 3% m TS L
HE o, SEAPAA] A Aghgo] TaA Hrbd 93 T SJAH oz bR
AelAe o B g9 viEo] QT o7 Bt}
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£ 23. Main effects of ingredient and enzyme supplementation on energy digestibility of

diets fed to growing pigs"”

Ingredient: Ingredient Enzyme

Items Corn  Wheat Barley SEM’ P-value - + SEM  P-value
Diet intake, g 5578° 5628 2383° 213 <0.001 4566 4494 207 0.549
GE' in diet, kecal/kg 3,865 3,870 3,940 3867 3,915

GE intake, kcal 21,568 20,542°  9240" 1374 <0.001 16865 17,368 1272 0.676
Fecal output, g 703 654" 428" 35 <0.001 613 577 33 0.253
GE in feces, kcal/kg 4447° 4152 4,224 54 0.003 4317 4,231 48 0.158
Fecal GE output, kcal 3153°  2539°  1,794° 199 <0.001 2571 2419 180 0.449
GE digestibility, % 85.3" 87.4° 80.9° 0.8 <0.001 84.1 84.9 0.8 0.374
DE' in diet, kcal/kg 3,264 3435° 3,158 35 <0.001 3,259 3,313 31 0.137

ab,c

"Each least squares mean represents 4 observations.

Diet intake, and fecal output data are based on 4 d of collection.

’SEM = standard error of the means.

‘GE = gross energy, DE = digestible energy.

Means within a row without a common supperscript letter differ (P < 0.05).

£ 24. Interaction between ingredient and enzyme supplementation on energy digestibility

of diets fed to growing pigs"”

Ingredient; Corn Wheat Barley

Items - + - + - + SEM®  P-value
Diet intake, g 5,520 5,635 5,703 5,554 2474 2292 235 0.513
GE' in diet, kcal/kg 3,798 3,852 3951 3,931 3887 3,928

GE intake, kcal 21,176 21,960 19,484 21,600 9936 8544 1697 0477
Fecal output, g 726 630 698 610 415 441 43 0.310
GE in feces, kcal/kg 4,470 4,424 4,247 4,058 4235 4,213 73 0.439
Fecal GE output, kcal 3,285 3,021 2,639 2,438 1,790 1,798 258 0.834
GE digestibility, % 844 86.1 86.1 88.6 81.8 79.9 1.1 0117
DE' in diet, kcal/kg 3,209 3,319 3,390 3,480 3179 3,138 45 0.170

1 .
Each least squares mean represents 4 observations.

Diet intake, and fecal output data are based on 4 d of collection.

’SEM = standard error of the means.

4

GE = gross energy, DE = digestible energy.
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(@) BRaL Foizt B71e Qo] 8 A wAE 4P
d

F71el S BES] fste AdF 5FAb AMYFEE HIA T 77k A
2 354 3 1852 399 AUHE o8 FUs A s}aau}
Oh 2% 2 el Aol 2 2

A (small intestine)S 4 o] A& (duodenum), FF(jejunum), FF(leum)S =, thF
(large intestine)2 ™A (cecum)d} FF(rectum)S. 2 FE3l] HHgE &, 09% saline<

o1 g-3te] m&g% AAS D
i A, 9ol Arol

AE F4st] AAF 1007 77
9% salineg ©]-gsto] AAHZ Fo

ZH(liver)#} A 9l(proventriculus), %1 (gizzard)<]
2 Bt SR A9l 299 eEe

< d

(D) %4, pH, +47F, A9, 1Y
AP HE2 S eSS BFsel 2 BAYRE BAWHl ok 4483

%—‘1% A 7](Minolta CM-5081, Japan)E ©|83} L(Lightness), a(Redness),
b(Yellowness)E 74 3st9t}. o] w] White standard plate= L = 9888, a = -021, b =
-043% calibration plateE EFC 2 Al8-31 T}

@ pH
Sample 2g2 12} SF(18ml)ol ¥ homogenizer2 10,000 rpm oA 60x7F &3}

T pH meter(HM-30G, Japan)E ©]-&3l A3t

—

@ 7}+E 77 (Cooking loss)

Sample 10go| & Wolg]E FH3}o] polypropylene bagell Wil 75C2] water bathof A
3027 7t # desiccatorell Al 2087F W3t & FAE SAst ol A3 o] 7}
S ALbstar.

 (7}49 A Sample Weight - 7}'9 % Sample Weight)
FaER0e) = 712 41 Sample Weight 100

@ H&E (Shear value)
7VER S 543 Samples ©|§3le o]& THAl desiccatoro Al 1027 wWalsk &
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Rheometer(Rheotech, RT-2005D - D Co, Japan)& ©]-83}o] Chart speed 120/mm/min,
=4 £% 30 mm, A]& Eo] 60 mm, adapter No. 42 Ay S sl

® R48 (Water holding capacity, WHC)
2%+9] Plastic Plate Alo]9df filter paper(Whatman No.2)9} A& 0.2gE €1 15kge] F
AZ 57 FE€S 71 & {F §F WA & %32 WAL Planimeter (Tamiya,

st thg3 ol ALkttt

Super Planix-a, Japan)Z

2. 2% ¢ u&F
7h 4" ARAAT
AMBAFAY F 2500 ARW VISAAESA H7M mE A9 5570 AlRAFHAN
Fol ¥ztE Uehidnh dAHez FAH foH2 o T2Ag FolA 7 =2
ALR AR FES eSS Yu(1997)5 9 E4A H7E7L broilere] Al wX= @l
B Aol wmEA SAC ERAE FUlstdE ARAATCNE 9% WAA Fen
o HuskRth v AAZ00N)S ATl ostd B asAE SAAE Ht

Asee o 27l AE Be ATl HaA BRou} gt gL, 5
ANE The @rhrel wlalA gasts Aol Jgtkn Bustgrh 2o & ATEY
ABAAE FaE ok

—IN
N

il

i 25. Effect of functional feed materials supplementation on Feed Intake in broiler
chicken
Treatment”
C T1 T2 T3
g/head/day
1 week 6485 =+ 283 6127 + 125 6843 t 212 6717 t 264

2 weeks 106.06 + 345 10690 = 1.81 10275 + 6.84 108.63 t+ 5.05
3 weeks 12398 + 9.09 11691 + 14.24 12821 + 299 12959 + 9.07
4 weeks 18232 + 537 18213 + 748 18554 + 092 17320 =+ 10.88
Total 11930 + 205 11680 + 4.87 12123 + 1.79 11965 + 346
Mean + SE
C : Control Diets

T1

: Control Diets + Enzyme A 0.1%
12 .
T3 :

Control Diets + Enzyme A 0.1% + Mannanase 0.1%

Control Diets + Enzyme A 0.1% + Mannanase 0.1% + Saururus chinensi 0.1%
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6 A= AFHIE UERNGTH 179 dRAMSE 24 A= Fa 207go| e
2t 1FME 279 TIHZ T2 HLst9ou T2, T3AHE T gizFo Hst
Aes el olefdt AFe AlF A77rel AA v=stth B ATl A
71574 AlRAA S HItd mE FA A E37F e

o bl
N

# 26. Effect of functional feed materials supplementation on Body Weight in broiler

chicken
Treatment”
C T1 T2 T3
g/head
Initial 20711 + 044 20756 + 0.89 20756 t 044 20756 + 0.89

Tweek 504.86

I+

16.47 50044 + 892 52210 + 18.97 53956 <+ 20.80
2weeks 101152

I+

30.93 98587 + 17.87 103733 + 2641 103851 + 58.62
3weeks 1392.25

I+

106.86 137644 + 9711 1518.17 + 49.19 1511.78 + 3412
4weeks 2022.73

I+

10249  2004.89 + 72.35 213802 + 1747 203879 + 89.00

Mean + SE
USee the 3 25.

o dESAE
T 27 o= LPEAFe Hae e d9E 1 AT AA BEE T2
ATl 7M=L ge YeEhiH 28y 1’411:% 1,12 ATl A= H=3
ol mEtA E AFZEI} Enzyme A I Mannamase 0.1% A2 oA 717 43
2 Yehjart

N &}L
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£ 27. Effect of functional feed materials supplementation on Body Weight Gain in
broiler chicken

Treatment”

C T1 T2 T3

g / head / day

1 week 4254 + 237 4184 + 1.23 493 + 277 4743 + 310
2 weeks 7238 + 238 69.35 + 226 7191 + 1.38 7128 + 6.08
3 weeks 5439 + 17.50 55.80 + 15.06 68.69 + 10.78 6761 + 11.30
4 weeks 9007 + 072 8832 + 3.36 9427 + 441 7529 + 1321
Total 6484 + 3.67 6383 + 282 69.95 + 155 6540 + 321

Mean + SE
USee the 3 25.

g AIRE S
7158/ E LA HIM WE AR R TE UERNSITE ARV Al HaolA d=FA
ol Wsteh mpRRA R T2AE el 7Hg Be AlR A TE(11.73%)s HERIE (E
28),
Classen 5(1988)¢o] X 113l B-glucanaseS SAo] FAAE w SAH Ho| /MAx= A
E vel= AY A= AL #AFE 4+ AT Yuben B9} Wu, Velmurugu
Ravindran(2004)2 whole wheat$} ground wheatol] xylanaseZ 71353 S ol F F
e RFoA FAFHFo] JAEE AL HudMeH, F. Gao S(2008)= TL 7|2
FAALES xylanaseE 7t §435tAE W FTAZFHR AlRL TS| MHHE ZHE
askgivk. E3 T. Mushtaq 5(2009)9] Aol 9]} ™ sunflower mealS 7|ZZ3F A}
o endo-14-B xylanase} endo-1,3-B glucanaseZ FH7}std F5dS W), A
Eggo] AT ols} 22 Hio wEW, ZEAHSZ FAAE HUISIH FA
ol AMEE A2 B vt o]l AFZAT} Zo] B AFZAI BEdFEL HIM
el SA o] HAdE = Aoz AtsdEH.
ol e AxzRE T2XE T (Enzyme A + Mannamase 0.1%)o A4 =
2 AESTFE UERfo] AR o] 84S FAATIE e E Al HTH

)

/

~0$5-?~l=ﬂlhlr$£-9~

& UFEA

=
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i 28. Effect of functional feed materials supplementation on Feed Conversion in broiler

chicken
Treatment”
C T1 T2 T3
1 week 153 + 0.06 147 + 0.01 153 + 0.09 142 + 0.04
2 weeks 147 + 0.05 155 + 0.08 143 + 011 153 + 0.06
3 weeks 263 + 056 226 + 0.33 197 + 033 201 + 029
4 weeks 203 + 0.08 207 + 016 198 + 0.09 259 + 032
Total 191 + 012 184 + 0.04 1.73 £ 0.08 189 + 0.03
Mean + SE
USee the ¥ 25.
ol EAE, A4E, A
EAE, B5E, AAATE JEAT BSEAdA dx=TFe vHste 7L ANHIF
BEFoA =2 FE5ES YERIY B AR FAAME dx=TFo Hs] EE ATl
A gL AMAFE e T2AE T A 7HE =& AMAFE UeERRE o=
stol Aol A et vpebgo] & AFT ALRQ T A e AR AwwEn
Qo] A¥Z2HE Enzyme A} Mannamase?] 7ol ulg} AibsE o] dAEIT AR
Gkl dlgA] o] &4 A uE Aoz FATET (T 29).
i 29. Effect of functional feed materials supplementation on carcass characteristics
and production index in broiler chicken.
Treatment”
C T1 T2 T3
Carcass Percent
(%) 7079 + 123 73.27 + 044 7291 + 099 7271 + 090
Meat BT o005 L1109 2465 ¢ 098 2557 : 123 2499 + 116
Muscle
Percent i
Tight
(%) Muscle 870 + 049 810 + 0.18 819 + 0.26 8§02 + 029
Production index 37621 + 32.04 38244 + 16.63 39366 + 1266 37852 + 18.90

Mean + SE
USee the ¥ 25.
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H]— O;d.Lﬂ7].

F 30 o= ZIsdrERA H7l BE g s e &
pHE TIAg77F 7H8 =9ka ol 7HE e ge B3lon S =
oA ztel7t AT AeFoM= TIAHF7 7MY =
Atk EEgoAs 377 7Y =2 #e WEhi
o2 UEgH.

F 31 o= 7tE2sd 43 S2H7IE Vel ZtedsdAs txzToA 74

FE UJEIAR S48 ot & A 2T & U e E Ay

# 30. Effect of functional of feed materials supplementation on tight muscle quality

in broiler chicken

i
o
N
i)
o
i
v
o
=
33
v

Treatment])
C T1 ™ T3
Ph 812 + 016 876 + 018 828 + 010° 827 + 008
L 4990 + 232 5246 + 195 5074 : 100 5150 + 2.02
Meat
, a 418 + 086 319 + 099 290 + 052 362 + 080
color
b 1083 : 195 1033 + 073 1124 + 121 1106 + 115
COOIE},Z)g loss 2649 + 185 2624 : 109 2451 + 267 2490 : 298
Shear valye 402 + 0014° 408 <+ 0008 403 + 0010° 401 + 002
(kg/cm?)
Water-holding 0 o0 . 173 7395 . 147 7376 - 392 7699 < 270

capacity (%)

Mean + SE
USee the ¥ 25.
2)L:Brightness; a:Redness; b:Yellowness
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£ 31. Effect of functionalof feed materials supplementation on breast muscle quality

in broiler chicken

Treatment])
C T1 T2 T3
Ph 78 + 012° 839 + 019 830 :+ 012° 874 + 016
L 4931 + 1.00® 4637 + 103® 5087 + 113° 4921 + 144
Meat
T A 160+ 042 112 ¢ 0290 029 + 016" 138 + 023°
color?
b 1099 : 0.95° 880 + 087 635 + 1.25° 989 + 173
Cooking loss
%) 2641 + 171 253 + 290 078 + 219 2331 + 224
Shear value o g1 107 + 001 107 + 002 407 + 002
(kg/cm2)
Water-holding o ) 5 7948 : 285 7566 + 282 7544 + 159

capacity (%)

Mean + SE
USee the ¥ 25.

2)L:Brightness; a:Redness; b:Yellowness

AL L
E 32 ot 48%54 FA4LUSE Uitk B85 GlucoseFFe thzTol 15
o RE ATAA e e UshidAT SAH Fote guvh & 2ALHE,
BUN, Total Bilirubin, GOT, GPT# | % 3to]7} VJERIA ol 715 HA R A7 7
ofol WE PP WAHA gk
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£ 32. Effect of Functional of feed materials supplementation

of broiler chicken

on blood characteristics

Treatment”
T1 T2 T3
glucose
27620 t 12.72 24900 +t 9.27 24333 + 12.84 24517 + 15.88
(mg/dl)
Total
cholesterol 14780 + 6.65 13717 + 587 14033 + 3.26 13933 + 454
(mg/dl)
BUN (mg/dl) >5 + 0.00 >5 t 0.00 >5 t 0.00 >5 + 0.00
Total Bilirubin
010 + 0.00 015 + 0.02 012 + 0.02 013 + 0.02
(mg/dl)
GOT (IU/L) 21440 + 10.87 25750 t 24.65 25567 + 1744 260.00 + 20.12
GPT (IU/L) 1600 + 528 1633 : 3.84 2067 + 359 1633 + 279
Mean * SE
USee the ¥ 25.
oF. 71l ol B RAle] vlAE 4
E 33 9 3olE AYFEF SARF 24 4719 Bolo TA WsE Uehyq
o Ao, FF, AF 2L 4% AAZoloA FFAHAAAHIITFANA R 1|5
gaste AFe dehisith 39 B3, 43 2 FUCNAE ASHAR FIATAA
golAt AFe JENAT E 349 FrelM BEol TA w3 dolo] Arst FAk
A #Aashe A eSS
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£ 33. Effect of Functional of feed materials supplementation on intestinal length in

broiler chicken

Treatment”
C T1 T2 T3

cm / 100g BW
Small intestine
Duodenum 132 + 003 127 + 003" 114 + 006° 125 + 008"
Jejunum 331 + 015 307 + 015 332 + 028 322 + 0.08
lleum 348 + 0.09 317 + 014 318 + 019 333 + 019
Total length 8§11 + 023 751 + 029 764 + 047 779 t 031
Large intestine
Cecum 081 + 0.02 079 + 0.02 077 + 0.03 079 t 0.04
Rectum 039 + 0.02 036 + 0.02 040 + 0.03 035 + 0.02
Total length 120 + 0.03 115 + 0.04 117 + 0.04 114 t+ 0.05
Mean + SE

USee the 3 25.

_76_



# 34. Effect of Functional of feed materials supplementation on intestinal weight in

broiler chicken

Treatment”
C T1 T2 T3
g / 100g BW

Small intestine

Duodenum 042 + 0.02 041 + 0.02 039 = 003 042 + 002
Jejunum 105 + 007 096 + 0.09 092 + 004 100 = 006
[leum 092 + 007 084 + 0.09 077 + 0.04 082 + 005
Total weight 239 £ 015 221 + 017 208 £ 0.09 223 £ 013
Large intestine

Cecum 073 + 007 069 + 010 055 + 0.04 076 + 007
Rectum 015 + 001 016 + 0.03 015 + 001 013 = 001
Total weight 088 = 008 085 + 011 070 = 0.05 090 = 008
Mean + SE

USee the 3 25.

A 7, A9, 2919 TAC MAE 3%
= 316l 7k, 4191, 290, W, Ao FANRE dehyack. Agls ML 754
E2AETEDG JETN B PAS UEgoy B FrldadE NEE 3
Yol A7) FAG wAE deE HFHA

o >
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£ 35. Effect of Functional of feed materials supplementation on organs weight in

broiler chicken

Treatment”
C T1 T2 T3

g / 100g BW
Liver 260 + 023 252 + 016 242 + 0.08 257 + 0.14
Proventriculus 040 + 0.02° 039 + 0.02% 036 + 0.02° 034 + 002°
Gizzard 153 + 008 159 + 005 150 + 0.08 157 + 005
Spleen 014 + 002° 010 + 0.009" 011 + 001® 012 + 0010®
Pancreas 024 + 001 024 + 001 025 + 0.01 022 + 002
Mean * SE

USee the 3 25.

H] 5} E% ﬂ

Saururus Chmen514 év‘f—o] FH] gdrijo} A F EJ4-7]- 9,1‘: RHno g A}

i 36. Influence of Dietary Supplementation of Fermented onion on Ammonia nitrogen

in broiler chicken Cecum feces.

Treatment”

ppm
NH3-N 58456 + 5236 527.74 + 108.22 564.72 + 2591 47715 + 53.08

Mean + SE
USee the 3 25.
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sl 2402 nART GAL Jhstel SR £el dEE FYSRAT RAFAE
Al FgRNA Iz HHE AHASI =AY M (QCT, shell thickness

micrometers, England), G4ZFAl= A& dzE %
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=

2. 2= & 1

A

X 379= AFEW Enzyme A 7;‘5]7]-:[L(T1), Enzyme A + Mannamase 7;‘5]7]-:[L(T2), Enzyme A
+ Mannamase + Saururus chinensis extract H7}HT3)5 F 4/ AHZFE FUo. H7F
| & A3 57 AAEHHF WSS vER AT
A A 7IFbel A FA ek AEF3te] FEE Aol= vEREA] @gtem, E4A
o] H7toll W& AHFHZF 3 FFL gl= A2 e

i 37. Effect of dietary enzyme supplementation on Feed intake in Laying hens

Treatment”

g/head/day

Tweek 117.00 + 1326 117.36

I+

0.950 11794 + 0.600 11686 + 0.976

2week 11545 + 1865 116.88 + 0.559 11649 + 1.907 11729 + 0.824

3week 11427 + 1.786 116.15 + 0.247 11701 + 0946 11509 + 0.734

4week 11820 + 0.735 118.38 + 0.202 11839 + 0.648 11814 + 0.183

Sweek 11449 + 2165 113.88 + 1.319 11450 + 1.154 113.07 + 3.313

Total 11588 + 1474 116.53 + 0435 11698 + 0.902 11609 + 0817

Mean + SE
UC : Control Diets
1 : Control Diets + Enzyme A 0.1%
T2 : Control Diets + Enzyme A 0.1% + Mannanase 0.1%

T3 : Control Diets + Enzyme A 0.1% + Mannanase 0.1% + Saururus chinensi 0.1%

35S SFLS BEEE VRS, ALES 5 4RI GE 4 e 0e
g9 W= YehtA] gistoy, FAEFO)S vnPyS o Enzyme A FH7FH(T1), Enzyme
A + Mannamase F7}7(T2), Enzyme A + Mannamase + Saururus chinensis extract 37}
T(T3) EF Hoju AtghgS YeRARIeT, I F Enzyme A FH7FH(T1), Enzyme A +
Mannamase H7}HT2)7} 718 =& 459 A=bES YERSIH
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iF 38. Effect of dietary enzyme supplementation on Egg production in Laying hens

Treatment”
C T1 T2 T3
%
Tweek 8241 + 6432 8519 + 7.187 8565 1+ 4.630 8287 + 3.036
2week 79.37 + 6533 8016 + 6.237 8492 + 3.785 8770 + 3.527
3week 80.16 + 5.339 8770 + 3.785 8889 + 1.431 8452 + 2062
dweek 77.78 + 1.730 8413 + 4576 8492 + 2209 8135 + 2778
Sweek 81.25 + 5512 8646 + 2756 7778 + 2842 7951 + 1.252
Total 8019 + 0.792 8473 + 1.290 8443 + 1.818 8319 + 1.398
Mean * SE
USee the ¥ 25.
Ay F0 s A FAle & 399 JeERAT EaAe AF 7T wE Z
28 Abge] Wsle JERA] @sken, FEAIFHCO)S EAaA HUFH(TL, T2, T3)3H]
dEe] FH Aol e ersieh

£ 39. Effect of dietary enzyme supplementation on Egg weight in Laying hens

=
T
o

Treatment”
C T1 T2 T3
g/egs
Tweek 6702 + 1.038 65.76 + 1.108 6589 + 0.724 66.38 + 0.327
2week 65.67 + 2244 6664 + 0.846 6553 + 1.234 66.57 + 0.060
3week 6598 + 1.135 6565 t+ 1.106 6614 + 0.245 66.80 + 0543
4week 6773 + 0.386 6584 + 1.226 6662 + 0.566 63.64 t+ 2575
Sweek 6757 + 0534 6684 + 1.096 6764 + 0584 6913 + 2104
Total 6679 + 0417 66.15 + 0.247 6636 + 0.366 66.50 + 0.872
Mean + SE

USee the 3 25.



W47t FAE E 400 GG & o) FAL A BEE 2HAE RO A,
BE AelFolM 4@l Yol weh Bl T} va gase AFL Yo
ol AHAA(80F)e] =3} 7]J3}9315W ALRE Y, FAZF FAY Tt Fnzyme A
+ Mannamase F7}H(T2)= B8 38 UJERNSY, Engyme A H7FH(T1)9F Enzyme
A + Mannamase + Saururus chmensﬂs extract FH7FHT3)= 0.403mm ~0.405mmtnwns. S

2 AHez FAVE FTkske e g e

i 40. Effect of dietary enzyme supplementation on egg shell thickness in Laying hens

Treatment”

Tweek 0440 + 0.0099 0415 + 0.0105 0422 + 0.0113 0403 + 0.0191

+

2week 0.371

I+

0.0063 0405 + 0.0141 0383 + 0.0091 0398 + 0.0137
3week 0376 + 0.0255 0411 + 0.0110 0382 + 0.0124 0407 + 0.0108

+

4dweek 0.380

I+

0.0110 0392 + 0.0087 0397 + 0.0101 0436 + 0.0189

5week 0412 <+ 0.0135 0401 <+ 0.0068 0.387 + 0.0076 0369 =+ 0.0160
Total 0396 + 0.0074 0405 + 0.0042 0394 + 0.0024 0403 <+ 0.0090
Mean * SE

USee the 3 25.

7 41 UeElfiglem™, £ 4090 bt ¢ T FEE How ¢ Fx
7t F7t o2 Jepgew, FEH7MF Blastel EE FA7bFAA 3577~
36.18kg/cm’e] M A Wt FErt ZUkste AL & 4 g

T
ot

rlr
a1l m[m

iF 41. Effect of dietary enzyme supplementation on egg shell breaking in Laying hens

Treatment”

kg/cm’
Tweek 3650 =+ 4.617 3775 + 2535 3738 + 3.622 40.63 t+ 5378
2week 2972 £ 4572 3113 t 4.671 3073 + 3.627 3405 + 3.743
3week 3223 £ 2963 37.63 + 3.377 3650 + 3.321 3253 t 4757
4week 33.08 t 1.670 3582 + 2.097 3717 + 3955 4148 + 3595
Sweek 2723 £ 4462 3650 + 2217 3860 + 2302 3223 + 4355
Total 3175 + 1.335 3577 + 1.333 36.08 + 2200 3619 + 1.897

Mean + SE
USee the ¥ 25.
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£ 42. Effect of dietary enzyme supplementation on egg shell weight in Laying hens

Treatmentl)
C T1 T2 T3
%/egg
Tweek 737+ 0076 695 + 0.192 708 + 0181 658 t+ 0.279
2week 755 + 0.368 820 + 0171 8§62 t+ 0.264 819 + 0.118
3week 709 + 0488 782 + 0291 719 + 0317 740 + 0.308
4week 690 =+ 0.170 742 + 0.137 720 + 0192 766 + 0316
Sweek 700 + 0.338 712+ 0.248 685 + 0.229 699 + 0.173
Total 718 + 0110 750 + 0.099 739 + 0122 736 + 0.107
Mean + SE

USee the 3 25.

Haugh unite] - ® 399 el o™, A2 T2 Enzyme A + Mannamase 7}
(T2)= H|3 =325 YERIA S Y, Enzyme A F7FH(T1)$} Enzyme A + Mannamase +
Saururus chinensis extract F7FH(T3)= 87.96mm ~88.612] W E YERH Aoz
Haugh unit7} 718t Ao & velydoh

i 43. Effect of dietary enzyme supplementation on Haugh unit in Laying hens

Treatment”

HU
Tweek 9194 : 1610 95.04 + 1.637 8849 + 2497 91.78 t 2456

2week 87.75 + 1522 86.76 + 4.612 88.75 + 1.057 8765 t+ 3548
3week 8964 + 1.680 9068 + 2.804 8789 + 2413 91.50 + 1.002
4week 86.37 + 2022 9054 + 2724 8705 + 1.189 8596 + 1.870
Sweek 7885 + 1.897 80.04 + 2412 7990 + 2327 8291 + 2734

Total 8691 + 0.722 88.61 + 1.551 8642 + 1.500 8796 t 1476

Mean + SE
USee the 3 25.
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B A7E Folol Bud DEE B Ao ATl B v AR 2 AEH
Aol ZHHE Aol ohieh, 24 HloledUA A4S HEH TE AGE T2olE
18T F UL AR ARHL

Bof pa ol &

F =

2 A3 #8373t xylanase®t mannanaseo] ATZAIE ulgtoz &9 &
Bioresource Technology Aol 279 =& Fustgx, #d &L 535 (=9
=y 28 17)35] AAABDL Gt

7}. Mannanase ## =& 94x
O A2 : Bioresource Technology 102, 9185-9192. 2011.(IF : 4.365)
O =&% : Coning and characterization of a modular GH5 (-14-mannanase with

high specific activity from the fibrolytic bacterium, Cellulosimicrobium sp. strain
HY-13.

1} Xylanase & =& &
O A% : Bioresource Technology 107, 25-32. 2012. (IF : 4.365)

O =&% : Novel modular endo-B-1,4-xylanase with transglycosylation activity from

kel

Cellulosimicrobium sp. strain HY-13 that Is homologous to inverting GH family 6

enzymes.

O 537 : AEEAnto]a2Hw & HY-13 #FEFE AAE= A3 &4 =ddds
Zk= A ehA

O Z9¥s

O #EWE B iy e AdEgAnto|agn]g &(Cellulosimicrobium sp.) HY-13 #FFo]
A EEE SYIAE E}O]E%ﬂ- A-6 FAF = (glycoside hydrolaseb-like domain;
GH6-like domain)& 7}A|= 4178 AL ehAlol &3k Folt).

gk PCT 53 Y 14

O 539 : AE2Ato]T2HS £ HY 13 FF2RE AE 273 ghdopbA

O 2993 : PCT/KR2011/010245

O #EWE : APl 34 HHEA AEZArto]Z2HE & HY-13 gF25E A
3 mhdobAlel Fx2 F Aty 54, 9 Sold #AES zZe FHHe 1y @A,
=2 5old &Aool Yehli= GHS B-14-thdoelA oS st g3 f8&4d¢] 7|
He 55 AR AEFT HAER JeA FHEA 2 o’ ThEe] 458 A F
U THAPES AgHeoa Fajstd AR &8% H oA thrtel] =S Fo=2
A FFHoZ FAG A 23 g4 A3 Ves T
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M S5g a7z 1 H =g A

Al 1A A A3

T =5 93 24
(1) Mannanase ## =% @i

Adw : Bioresource Technology 102, 9185-9192. 2011. (IF : 4.365)
Cloning and characterization of a modular GH5 [-14-mannanase with

=%

high specific activity from the fibrolytic bacterium, Cellulosimicrobium sp. strain
HY-13.

O #&@lg : 12/ mannanased] FAAES FHstL a2 SHE 7T dT+ZEH
£ LIS

(2) Xylanase ##H =a 23X
O A% : Bioresource Technology 107, 25-32. 2012. (IF : 4.365)
: Novel modular endo-B-1,4-xylanase with transglycosylation activity from

O =&%
strain HY-13 that Is homologous to inverting GH family 6

Cellulosimicrobium  sp.

enzymes.

O #EYE : A3 G4 =rde Ze xylanaseo] &3 Aoz F4 A

183 Aqpst =HQle] &l B3 d+4dx

C AT 58 &9 14, dd7ls 58 PCT Ay 14

v A H AL R
1) A+ 58 &4 14

O 53" : Ag2Avlo|a2uE & HY-13 #F25H A4 And 24 =dde
Zk= A 2huA]

O 9493 : A2011-0146600%

O #HENE : B dyg e dEzanlo|ag2u]g &(Cellulosimicrobium sp.) HY-13 5o
A F2E FEIAE Sol= B8 A6 FAF T Ql(glycoside hydrolase 6-like domain;
GHé6-like domain)S 7FAl= 473k AFd ghupAlo] #3k &5

(2) PCT &5 XY 14

O E8" : AdEZAnlo]a2H] L £ HY-13 FF2HE AAE A73F ghdolA

O 29¥z CT/KR2011/010245

O #EWE - Aol g4 e R AEEArte| 2203 & HY-13 #5258 Al
g mhdolAle]l 724 gl Aslery 54, 9 Sold AL Ze AFHY =1 A,
=2 5olF &4 Yelll= GH5 B-14-whdolAldS st 493 &40 71
He 53
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beta-glucanse @ xylanase® X3 EFFALAE HUISE A3l JUdL 438 2 ARFAAH
A E ¥ itk Baskddnt olfjidx B2 e dAFA vB5sE 8 iAo A

7tazte #EE dAFso] RaFE e} (Dietbold et al., 2004, Wang et al.,, 2008; Widyaratne
et al,, 2009), a4Ale H7tad= EAIRW AA47|Ee &%, LAY HvbeE, 3 HAE
AAGAS Tt U3 89059 TS He ZleE HIAth

2 TR E B2 FF7F G4A7 i TALEN FHIlE 85T AdoH, 5 A Yo A
Fol o] &HE UBEAIRR 4H, HYde Sl vs) tEke] AR EAske], ol A
T3 aaAds FHER ofEt fFEAY 2 A AAHeREE bdeA 28 + US AL
2 ZldEd.

(e}
T

Ell:ml"

_95_



£ A 7 EF Boison and Fernandez (1995)¢] 3o 7125 T Jow, 4
71719k AR dx R4 H3E FAH AFE H8 &MY aZHEAR Ele
o, thFo e A3le AEsty 3F AE 4382 G490 FAHE T35} Boison and

A

Fernandez (1997)9] dA@olAe e T3 F 3dAle] Aoz APe AHsiAqT, o
e 43} dAAA ALEEtE B3 44 (Viscozyme® L, Sigma No. V2010)o] 23] H7}3t
< 7hsAS 1HEste 3 AE 4SS Fole EaAe &4

]-/ = = ]
Aol H7MFE 05% FEAA 10% FE7HA 24z °JEA}LEE d48E& A48T (Table

1
F3 27z 248 ABAE 1 g (<1 mm)S 100 ml 47 Sahazd Ss9c

zole JBAIET sk, B Tad A FolME A7t FEUF TaA)

2l A g F7IE
=ol5taAtt. zHzte] wiEnlt} blankS T #ste] AT} Step 12 ﬂMVH a3k 2
AoZ M 01 M9 ¢4=84 (pH 6.0) 25 ml ¢ 02 Me] HCl 10 ml & A 87} SojgE
Zgta=o] WU 2 F, 1 M9 NaOH €93 HC €98 o]&3le] 24 /‘1 55 pH 202
2 243 3, vy Fv|" pepsin Y (porcine, > 250 units/mg, Sigma No. P7000)& 1 ml
A dan) v glole] RS oA #3] chloramphenicol 05 mlE 931, 742 ¥ &
39C& 9

dE wyk wjgEr]el ¥ 6417 T w3t
2

@D Step 2= LA 4TS EdE Z1oF wykol

=g (pH 6.8) 10 ml¢}t 0.6 M NaOH 5
< o]&3st &4 AEE pH 682 XAJ

grade IV, Sigma No. P1750) 1 mlE Y3, F74& €2 ¥ 39T=E A28 urt wjetrld ¥



18417t Fob mukalgth wike] By AEE ALolA 5% ATAALM o SmlE A7H
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4. mlo
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_E

@ —‘HQ BHE 25 AR 24 A5 {FES 43HA a1 wjAdEHE 9EAE

= 05 g9 celite® X35t glass filter crucibleg ©]-835tq ZHHF &
2 (Flbertec System M, Tecator)Z® 3 3 ¢atct 4z Zatazs 1% A XAeAsr
o g 23] HMojA glass filter crucibleo] FU3dte] Folles FHHEo] Y= 33, dE
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B AL8-H 98 AR | AE T3S Sauvant et al. (2004)o] BHAIEH FHS 7|FS
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- e AR AR s dEgy
SR aog (%) =TEAELEUE - TR ATUT )
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(SAS Inst., Inc., Cary, NC)¢] MIXED procedureE ©]-&3|4 B9t 2 HHTZE = E4A
o kA7t 2FEJT. A A HLAsH TS AL F —:‘F— PDIFF option ¥ Tukey’s

adjustmentE F3 HTgs3re] Aol AASAT FAAHY

d Q=2 st

6) 48 2%

Zzre] PuAtRdA AAA S Hrld wE I dE 4t WIlHEs FAsAH
(Table 1. 3). &A1 H7IEFH= 49 2 BoA F=8HAA vEeEYT (P < 0.05). 49 2
Helo] AEALSEL 9F 19 T 14% unit FAFRO, Gl A AIESS X3 2 YEA}
559 AEASES ToAY HIH oH A DA A] Zohth. B AR E vEeE FFE
AR (2F 2)el A8 98 AR &9 9 BelE FFAFeH, 7P 9 ol8EHe 98
AFES] S4TE FEAFEC ZFAIHT

o B3 &4 A4 (Enzyme C) 4

() 294 32

2 Ag H2 € AgL 99 43 (B 7h)# vds WEeE JAsT

(2) A8 AR 2 FZ4A

A¥ AtEE 49, By, S5, hFd 2 guks ol &aten, B A4AlE Enzyme
C (Table 1. )& AI&3tHct B a4A9 HA7MHS 1% =2 ST

3) 2% W

A3 He 9 47 (23 7h)E BF Fdsl sl

@) 3 1E 43E ALt

A B8e 9 A" (A3 7h)E FES A S HEsdn. AF dHolHE SAS
(SAS Inst., Inc., Cary, NC)¢] MIXED procedureE ©]-&3|4 B9t 2 HHTZE = E4A

o HZFA7F 2EIT Z4 MY HaAsHTE AL 3 £ PDIFF option ¥ Tukey's
adjustments F3l FHgETS Aol HASHS FTAAYL {F4dL P-valuert 005 o]s}

d W2 st

(5) 29 A%
zke) AEAERANAN EaAY Pl W2 Y AF 4fed WsWe ZPsAT



(Table 1. 4) aaAe Frlazte & HyloA F=e A A UrEME} (P < 0.05). &= &
BEe] ABLSEE o 22 % 18% wnit FAEAT, HAT b ARARE) AT
& EiXﬂ A7l s ZA ZEAA] FUrt o] AaE dA S Enzyme Boll w3t A3
Ao} A3} o= Enzyme C= &4 F7F 2 97lo] 1ojA Enzyme B9} ZA th2A] ¢
7] EQL Aoz HRlth =3 B Ads Enzyme Coll tidh 554 49 2 B2 XY
A7E Aol AEFLE HoFEth Fubo] asbgo]l TAAY Fubd g FAFORE 24%
unit FFE PO, vmA F Hol wie] FAHL fodel dehtA] stk ke 4o
NEHoz 2ol WA VeSS ¢ 4 YEd (Table 13 and 14), ol a9+ 438
o] FFE F UE Fo| Atke & gt FHte A L8 EHA FE AR JES EA
4 & de ZAE Mdse AL Z 9guE 7§ dE Aoz HATh
2. B3t 44 (Enzyme OF H7He ALR S Fo3 HA Y A 288 W 54 49

7k A8 A2
B3 E4A (Enzyme C) 37} (Table 1. 1)o] &3 AEAIE S oA 45h& WIS =H A
ANA g F, 7Fag WA, AL A S Fste 25T

=

U FE, AR 2 AFAA

A

1) =& 3 AR
2F¥F AM FHA 6F (HAIAIS ¢F 358 + 33 kg)E AFEFo|7I7F AAE WALE
NAER Atgatlen, 671e] dPAIERE FESH S5, &1, B 3719 A5AE ]
B &2A (Enzyme OF 7S A4 koA @2 72 47 FEste 4382
AUt (Table 1. 5, 1. 6, 31 1. 7). B oA A8€ A= S5
ﬂJZ%Loﬂﬁh BaA Zrtgel deste STE FAUISEAT vERlT 522 NRC (199)
AAFH e gL &7F ol el HES wFsin.

4 2
o

me

ol 321, Balanced Latin Square Designer (Klm and Stem, 2009)% o]
st 4= e dolads HAslsu (Table 1. 8).

~

AR AAATFE ZF HA Y fA A Y 258 FFEoR FHdYon, T

3 30E o2 o] 23 1040}9515} AtEFol7lel zhaEe] e A
Aste] AA AARAAFAF At HE5Hem, AFRe te H-87] 3o
HEE B3 52 AR fFHPo=z $As9Th —TA xHAL FEAIAEE ©]& (Adeola, 2001)

N
n
o
i
.
"
)

sl sASAT. 2 AW 49 0, ALRO BAA (AFHAB)E Holx Felsm £
ol EAIRe] Aol e HﬁTa A2 AASGon, 8 Aol Al EAAE
HolH BAF =, BAAS] Ao Bl HA UEntE 1 AA7Ae) 28 AAGAT. =9
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ANAE 497 2F 24 BH 8UR &% 2A174A] FASIYT 2 o]99 FEAFHRFL Kim
et al. (2009)ol M=% WP msich

2 s B4

BEAIE S} WiFALE, £, &= A|E= bomb calorimeterE ©]§35t] F AUAE FH3I
o AFHAE B2 AZVNE o] &35t 55°Col A 72417 AxRgE & BEHsl F duAE F
Aatgrh 2 o199 3stx EAAH-L Kim et al. (2009)0] M<® WS ok

ol A 45g A4 8 EAEA

HHE A ¥ 27wz BuE oA ¥ ol&d] A Lote
o B Z UAZS 38 4T AR U A6l FAS Thhselu
.

i wo
mn
ol
olr
S

7Vt A A (keall kg) = AHEWZEAN AR (keall kg) — 5 AN UA (keall ke)
O &, 143 UA A = = dUAE ZAES Al UxE A3
AN A (keall kg) = 7Y 28N AR (keall kg) — 325 NAA (keall kg)

A3 dlo]E &= SAS (SAS Inst, Inc., Cary, NC)2] MIXED procedureE o3 A3}
o 2AHSRE AIEAEE YBEALEY 93 main effect, §4FH7 ] 93t main effect, &
interactiono] EF =AUt TR F5 B 7ol IEHAS Z AP HLATHT S
AAF 3+ & interactiono] &A= 7-9-ol= PDIFF option ¥ Tukey’s adjustmentZ® E3 ¥
T#HETS Aols AASAT. o] HH A 2FEF PvaluesE FEAZ HF3H7] S8 mj=
2 ZT2OYPEL o]&3ATt (Saxton, 1998). AIFTEE=E FEE sl¥oeH, EAAHI FId4He
P-value7} 0.05 o]5ld w2 3tH T}

ol 29 A3
AUA £25& JBANA ABAE WHE ZAGEAMS ol FEeAA eoL)

(P < 0.05) FEAA9] H7te] o3 FEIE DAF A &t (Table 1. 9). ARAHHAFL S5
g Ao ws] By ATl AFE] HUoH, ol A AHF F A Hid el A]
T apR7EAE JGERT (P < 0.05). AR o] 4stEe B HEA Sag 2 A

>

=S (P < 0.05).

dutdo s Heleh Hol Hia Tl S Ah%oﬂ
ALR AFFC] He Bdle a3tEY F FAAIT =
(Kim et al, 2007). & AFo)A B Az FollA @& AR AT =

2 )
A 3ol B2 T ARALEC M3} WA Ushd RS AR 4AFo] Holdd wrE o]
42hgo] P4 Fol 2A Rhee AT £ BN sthsuAte AUARRT
L Ugton} S55AR MAAE 2 A2 Holx @drh ol B oux Azhgol



ol wls) wrls spAIRt By FolldA| dEFol Saol vl w7 fEd AR H

o o

N

AR 238 PN QEAE D BaAZ] FEHEL UERA 24T (Table 1
10). Z2AS B 55 2 299 U] L88L o 3% ©el viEe Foz FAlY]

e Sgon AN FeHe YAtk 254 EEOAT L1% Q1 Ao TiA &
B AN fe4e Bl ASHE Hol= 353% ol Aol E Helok Tk %A in vitro
A AT B AT AR L& FPTo| 3% viwolYee nHY W, FEAY
A oldA astge]l EhA A7k g% Wt fFoR Ushis fsAE o Be So
Whdo] Wad Ao WATH



Table 1. 1. A3 & H7} 84 57

nE

37}

| 97}, Unit/kg
Enzyme A
Protease 800,000
Xylanase 2,000,000
Enzyme B
Protease 800,000
Xylanase 2,000,000
Mannanase 500,000
Cellulase 500,000
Enzyme C
Protease 80,000
Xylanase 2,000,000
Mannanase 500,000




Table 1. 2. Effects of an enzyme complex (Enzyme A) on dry matter digestibility (%) of

. . . 1
various ingredients

Enzyme inclusion rate, %
SEM®  P-value

Ingredient Control 0.5 1 5 10
Wheat 85.6° (4)°  874° 862" (6) 866" 864" 034 0.018
Barley 79.5 (4) 79.9 79.5 80.0 - 045 0.754
Corn 711 - 70.8 - - 013 0.179
Soybean meal 77.9 - - 77.9 - 0.66 0.942
Palm kernel meal 253 (4) 24.6 25.0 - - 0.22 0.192
Rapeseed meal 60.1 (6) 61.7 60.8 - - 0.95 0.505
Cottonseed meal 60.1 59.8 - - - 0.62 0.791

"Each mean represents 2 observations unless indicated in the parenthesis.
*The number of observations are in the parenthesis.

**Means within a row without a common superscript letter differ (P < 0.05).



Table 1. 3. Effects of an enzyme complex (Enzyme B) on dry matter digestibility (%) of

. . . 1
various ingredients

Ingredient Control Enzyme B, 1% SEM P-value
Wheat 85.8 87.7 0.43 0.036
Barley 80.3 81.7 0.16 0.004
Corn 73.6 74.6 1.56 0.660
Soybean meal 74.8 75.2 1.22 0.826
Palm kernel meal 29.2 29.3 0.20 0.773
Rapeseed meal 62.1 62.2 0.58 0.921
Cottonseed meal 52.8 50.8 0.75 0971
Copra meal 50.8 50.4 0.64 0.682

1 .
Each mean represents 3 observations.

’SEM = standard error of the means.



Table 1. 4. Effects of an enzyme complex (Enzyme C) on dry matter digestibility (%) of

. . . 1
various ingredients

Ingredient Control Enzyme C, 1% SEM? P-value
Wheat 86.1 88.3 0.35 0.011
Barley 79.8 81.6 0.09 <0.001
Corn 84.6 83.8 041 0.219
Soybean meal 76.1 73.0 1.30 0.161
Palm kernel meal 25.7 28.1 0.88 0.134
Rapeseed meal 61.6 63.7 1.21 0.289
Cottonseed meal 57.2 56.2 1.06 0.526
Copra meal 52.0 52.5 0.21 0.153

"Each mean represents 3 observations.

’SEM = standard error of the means.



Table 1. 5. Analyzed chemical composition of corn, wheat, and barley, as-fed basis

Item Corn Wheat Barley
Gross energy, kcal/kg 4,015 4,080 4,046
Dry matter, % 86.1 89.3 88.0
Crude protein, % 7.31 11.68 1256
Ether extract, % 3.27 1.61 1.39
Crude fiber, % 1.88 253 512
Neutral detergent fiber, % 11.22 13.80 23.68
Acid detergent fiber, % 248 2.70 7.84
Ash, % 1.65 1.81 242
Calcium, % 0.16 0.14 0.14
Phosphorus, % 0.26 0.30 0.31




Table 1. 6. Ingredient and chemical composition of experimental diets, as-fed basis

Diet
freme Corn ]g?;;n:—e Wheat ‘gﬁ;}?ﬁng Barley BEﬁ;};ng
Corn 97.00 96.80 0.20 - 0.20 -
Wheat, soft red winter - - 96.65 96.65 - -
Barley - - - - 96.80 96.80
Limestone 1.00 1.00 0.90 0.90 0.75 0.75
Dicalcium phosphate 1.10 1.10 1.35 1.35 1.35 1.35
Salt 0.40 0.40 0.40 0.40 0.40 040
Vitamin-mineral mix' 0.50 0.50 0.50 0.50 0.50 0.50
Enzyme - 0.20 - 0.20 - 0.20
Total 100.00 100.00  100.00 100.00  100.00 100.00

Calculated composition

Metabolizable energy, kcal/kg 3,311 3,311 3,194 3,194 2,817 2,817

SID*Lys, % 0.196 0.196 0.297 0.297 0314 0314
SID-Met + Cys, % 0.306 0.306 0.426 0.426 0.400 0.400
SID-Thr, % 0.230 0.230 0.317 0317 0.274 0.274
SID-Trp, % 0.049 0.049 0.226 0.226 0.085 0.085
Crude protein, % 8.03 8.03 11.11 11.11 10.94 10.94
Calcium, % 0.629 0.629 0.620 0.620 0.624 0.624
Total phosphorus, % 0.475 0.475 0.250 0.250 0.589 0.589
Available phosphorus, % 0.236 0.236 0.244 0.244 0.244 0.244

'Provided the following quantities of vitamins and microminerals per kilogram of complete diet:
vitamin A, 25,000 IU; vitamin Dj, 4,000 IU; vitamin E>50 IU; vitamin K, 5.0 mg; thiamine, 4.90 mg;
riboflavin, 9.99 mg; pyridoxine, 493 mg; vitamin Bp, 0.062 mg d-pantothenic acid, 375 mg;
niacin, 62 mg; folic acid, 110 mg; biotin, 006 mg Cu, 25 mg as copper sulfate; Fe, 268
mg as iron sulfate; I, 496 mg as potassium iodate; Mn, 125 mg as manganese sulfate; Se, 0.38 mg
as sodium selenite; Zn, 313 mg as zinc oxide; and butylated hydroxytoluene, 50 mg.

’SID = standardized ileal digestibility.



Table 1. 7. Analyzed chemical composition of experimental diets, as-fed basis

Ingredient:
Ttems Corn Corn + Wheat Wheat + Barley Barley +
Enzyme Enzyme Enzyme
Gross energy, kcal/kg 3,798 3,852 3,951 3,931 3,887 3,928
Dry matter, % 86.1 85.9 89.2 89.1 87.8 88.6
Crude protein, % 7.28 7.03 11.58 11.44 13.11 13.12
Ether extract, % 3.08 3.23 1.60 1.67 1.88 1.53
Crude fiber, % 1.80 1.80 2.38 1.98 437 482
Neutral detergent fiber, % 17.28 19.96 16.24 20.47 23.22 27.96
Acid detergent fiber, % 217 2,67 298 3.37 542 6.87
Ash, % 3.63 3.80 419 4.53 4.94 5.09
Calcium, % 0.69 0.69 0.73 0.77 0.73 0.76
Phosphorus, % 046 0.46 0.52 0.58 0.60 0.59




Table 1. 8. Treatment allocations for a balanced 6 x 6 Latin square design'

Animal 1 Animal 2 Animal 3 Animal 4 Animal 5 Animal 6
Period 1  Wheat + E*  Corn + E Barley Corn Wheat Barley + E
Period 2 Corn + E Barley Corn Wheat Barley + E ~ Wheat + E
Period 3  Barley + E  Wheat + E ~ Corn + E Barley Corn Wheat
Period 4 Barley Corn Wheat Barley + E~ Wheat + E ~ Corn + E
Period 5 Wheat Barley + E~ Wheat + E ~ Corn + E Barley Corn
Period 6 Corn Wheat Barley + E ~ Wheat + E ~ Corn + E Barley

'First-order carryover effects are balanced.

’E = enzyme addition.



Table 1. 9. 21Main effects of ingredient and enzyme supplementation on energy digestibility
of diets fed to growing pigs"”

Ingredient: Ingredient Enzyme

ftems Corn  Wheat Barley SEM’ P-value - + SEM  P-value
Diet intake, g 5578 5628 2383 213 <0.001 4566 4494 207 0.549
GE' in diet, kecal/kg 3,865 3,870 3,940 3867 3,915

GE intake, kcal 21,568 20,542°  9240" 1374 <0.001 16865 17,368 1272 0.676
Fecal output, g 703 654" 428" 35 <0.001 613 577 33 0.253

GE in feces, kcal/kg 4447°  4152°  4204° 54 0.003 4317 4,231 48 0.158
Fecal GE output, kcal 3,153* 2539 1,794° 199 <0.001 2571 2,419 180 0.449

GE digestibility, % 85.3° 87.4° 80.9° 0.8 <0.001 841 84.9 08 0.374

DE* in diet, kecal/kg 3,264”  3435°  3,158° 35 <0.001 3,259 3,313 31 0.137

ab,c

Means within a row without a common supperscript letter differ (P < 0.05).
'Each least squares mean represents 4 observations.

Diet intake, and fecal output data are based on 4 d of collection.

*SEM = standard error of the means.

‘GE = gross energy, DE = digestible energy.



Table 1. 10. Interaction between ingredient and enzyme supplementation on energy

digestibility of diets fed to growing pigs"

Ingredient: Corn Wheat Barley

Ttems - + - + - + SEM®  P-value
Diet intake, g 5,520 5,635 5,703 5,554 2474 2292 235 0.513
GE* in diet, kcal/kg 3,798 3,852 3951 3,931 3887 3,928

GE intake, kcal 21,176 21,960 19,484 21,600 9936 8544 1697 0477
Fecal output, g 726 630 698 610 415 441 43 0.310
GE in feces, kcal/kg 4,470 4,424 4,247 4,058 4235 4,213 73 0.439
Fecal GE output, kcal 3,285 3,021 2,639 2,438 1,790 1,798 258 0.834
GE digestibility, % 844 86.1 86.1 88.6 81.8 79.9 1.1 0117
DE' in diet, kcal/kg 3,209 3,319 3,390 3,480 3179 3,138 45 0.170

'Each least squares mean represents 4 observations.
Diet intake, and fecal output data are based on 4 d of collection.
’SEM = standard error of the means.

‘GE = gross energy, DE = digestible energy.
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Yu(1997)5¢l &&A H7E7E broilere] Aibgel] A g3 BF ATl wEH SA
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Table 1. Effect of functional feed materials supplementation on Feed Intake in broiler

N
ot off

o to
L E

chicken
Treatment”
C T1 T2 T3
g/head/day
1 week 648 t 2.83 6127 t 125 6843 t 212 6717 t 264

2 weeks 10606 * 345 10690 + 181 102775 t 634 10863 = 505
3 weeks 12398 + 9.09 11691 + 14.24 12821 + 299 12959 = 907
4 weeks 18232 + 537 18213 £ 748 18554 = 092 17320 + 10.88

Total 11930 = 205 11680 = 487 12123 £ 1.79 11965 * 346

Mean = SE
UC : Control Diets
T1 : Control Diets + Enzyme A 0.1%

T2 : Control Diets + Enzyme A 0.1% + Mannanase 0.1%

T3 : Control Diets + Enzyme A 0.1% + Mannanase 0.1% + Saururus chinensi 0.1%
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157d duASEF 2 HFs FT 207gollet Al A1z 1FoAe T TIAHE T2
H g ou T2, T3AEF= txzTdd Hsle] &2 AFS velfo] o|yd A AW
A71Zke] AA vl eh B ATolA ALEE 75 AlRAA Hubd mE FAFH
77} Ve

Table 2. Effect of functional feed materials supplementation on Body Weight in broiler
chicken

Treatment”

g/head
0.44 20756 + 089 20756 + 044 20756 £ 089

16.47 00044 £ 892 522.10 + 1897 03956 £ 20.80
30.93 980.87 + 17.87 103733 + 2641 103851 + 5862
106.86 137644 + 9711 151817 + 4919 151178 + 34.12
10249 2004.89 + 7235  2138.02 t 1747 203879 t 89.00

I+

Initial 207.11
1week 204.86
2weeks 1011.52
Sweeks  1392.25

dweeks 2022.73

Mean £ SE
USee the Table 1.

I+

I+

I+

I+

= dYSAF] HatE Uit dEFAIFS AR AA BE2 T2 AT
=2 ke Jehido. a3y q]z;L g T1L,T2 A Felre vlxd ol o
TZ7} Enzyme A ¢ Mannamase 0.1% A Z]FoA] 713 3 272 ek

o

Table 3. Effect of functional feed materials supplementation on Body Weight Gain in

broiler chicken

Treatment”
C T1 T2 T3
g / head / day

1 week 42054 = 237 4184 £ 1.23 4493 £ 277 4743 + 3.10
2 weeks 7238 + 238 6935 + 226 7191 + 1.38 71.28 £ 6.08
3 weeks 539 £ 1750 5h.80 t 15.06 6369 t 10.78 6761 + 11.30
4 weeks 90.07 = 072 8832 £ 336 9427 t 441 7529 t 13.21
Total 64684 + 367 63.83 + 282 69.95 + 155 6540 + 321
Mean * SE

USee the Table 1.
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Table 4 o= 7|5A4AEAA H7l WE AARELTE JeERAAJTh A@7I12E A4 Hioa &
A F Wstet nix7FA R T2A g ol A 7HY Y2 AR Q7S (11.73%)& HERA AT

Classen 5(1988)c] B i3t B-glucanaseE KAlol FAFE v FAFe| /IHd=H= 27E v
e A dxsle AL #2E 4 ATh Yuben B.9} Wu, Velmurugu Ravindran(2004)-2
whole wheat9} ground wheate]l xylanaseZ 3718l S W F FAHE 2T SA o)
NAEE AL Busgoen, F. Gao F(2008)%= LL 7|23 §AALE Y] xylanaseZ H7}
TFA5IAS W FAFH AseFE] NHEE 2FE Bustinh. £33 T. Mushtag 5(2009)
o] ATt <93t sunflower meal2 7]ZE3F AlEO] endo-14-B xylanase®} endo-1,3-8
glucanaseE F7lste FHsIAE of, TAFH AR S| A=A ook 2 RHid o
2m, 28xo7 g4A4E Frlsid Fol MAdse ZHeg RusHa ot ol d+4d%
S} o] B A2 RFEL U wEt SAFe] MAAHE Aer Algsdd.

olA-S AmzHE T2H 2T (Enzyme A + Mannamase 0.1%)oA] £& oG %3}

278 UEo AR o]§4e $HA7E Aoz s
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Table 4. Effect of functional feed materials supplementation on Feed Conversion in broiler

chicken
Treatment”
C T1 T2 T3

1 week 153t 0.06 147 + 001 153t 0.09 142+ 004
2 weeks 147 £ 005 155 t 0.08 143+ 011 1.53 = 0.06
3 weeks 263 t 056 226 + 0.33 197 + 033 201 + 029
4 weeks 203 = 0.08 207 = 016 198 + 0.09 299 * 032

Total 191 + 012 1834 + 0.04 173 + 0.08 1.89 = 0.03
Mean + SE

USee the Table 1.

ok =AE, AsE, AT

Table 5 & EAE, 358, BAAFE Uehhleh B8 2T wste] 715447
BhF BRAA 2 58S Uehigith E3 ARAFANE HEF vs) BE T
A B AHAFE HEHIQT 2R FAM 743 2 AA5E dehiQeh olE 2ol

Ao A ehd nloto] E& AFH AAEQ TS JlAo WE Ay Aa" 99 A
ZXE Enzyme A 9} Mannamasedml 7}ol]l wa} Arbseo] 4= ALSW JUda
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Table 5. Effect of functional feed materials supplementation on carcass characteristics

and production index in bhroiler chicken.

Treatment
C T1 T2 T3

Carcass Percent
7079 t 1.23 7327 t 044 7291 t 099 7271t 090

(%)
Meat ~ Breast .00 09 265 + 098 BT+ 123 2499 + 1.16
Muscle
Percent Tight
(06) Muide 870 : 049 810 + 018 819 : 026 802 + 029

I+

Production index 376.21 3204 38244 t 1663 39366 t 1266 37852 + 1890

Mean £ SE
USee the Table 1.

v}, S-2A¥ 7}

Table 6 o= 75 dAL2 A H7ll ©E velosdd e $2%7F 295 yehliin. pH
= TIHE 7 7P =%n A 7B B e Rgen S48 mE A FoA
o7t Gtk AvHANE TING 7 71 g o2 AATE HRE goldth 5o
Ae T3A 7 7M=& g vEpiled A4 faAte fle AoE yETh

Table 7 o= 7F&2<d td SAR7IE UeEldoh 7tE2 S e dEzFadA 7 @2 3
S Uil S84 o2 @ A% 22T £ Tk HERE A9 3 Ry

TAIA FAH flol ¥ e UEAY.



Table 6. Effect of functional of feed materials supplementation on tight muscle quality

in broiler chicken

Treatment”
C T1 T2 T3

Ph 812 + 0.16° 876 + 0.18 828 + 0.10° 827 + 0.08

L 4990 + 232 5246 + 195 50.74 £ 1.00 5150 + 202
Meat
B 418 + 0.86 319 + 099 290 £ 052 362 + 0.80
COlor

b 1083 + 195 1033 + 073 1124 + 121 1106 + 115

Cooking loss

e %49 + 185 9624 + 109 2451 + 267 2490 ¢ 298

Shear value b a b b
! 402 + 0014° 408 + 0008° 403 + 0010° 401 + 002

(kg/cm”)

Water-holding— 7a99 . 173 7395 + 147 7376 + 392 7699 + 270

capacity (%)

Mean £ SE
USee the Table 1.

2>L2Brightness; a‘Redness; b:Yellowness

Table 7. Effect of functionalof feed materials supplementation on breast muscle quality

in broiler chicken

Treatment1>
C T1 T2 T3
Ph 786 £ 012" 839 + 019° 830 + 012° 874 + 0.16°
L 4931 + 1.00® 4637 + 103 5087 + 1.13° 4921 + 144
Meat
A 160 042°  LIZ £ 029" 029 £ 016" 138 * 023
color
b 1099 + 095 830 + 0.87% 635 + 125" 989 + 173"
Cooking loss
%641 + 171 2253 + 200 9278 + 219 9331 + 9294
(%)
Shear valie ) oo 1 407 = 001 407 = 002 407 + 002
(kg/cm?2)
Water-holding 27 ), 7 7948 : 285 7566 <+ 2.82 7544 + 159

capacity (%)

Mean £ SE
USee the Table 1.

2>L2Brightness; a‘Redness; b:Yellowness
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Table 8. Effect of Functional of feed materials supplementation on blood characteristics

of broiler chicken

Treatment”
C T1 T2 T3

glucose

27620 + 1272 249.00 t 927 24333 t 12.84 24517 t 15.8%
(mg/dl)
Total
cholesterol 14780 t 6.65 13717 t 587 14033 t 3.26 13933 t 454
(mg/dl)
BUN (mg/dl) >5 t 0.00 >5 t 0.00 >3 t 0.00 >5 £ 0.00
Total Bilirubin

010 : 0.00 015 & 0.02 012 t 0.02 013 t 0.02

(mg/dl)

GOT (IU/L) 21440 ¢ 1087 25750 t 2465 23567 t 1744  260.00 t 20.12

GPT (IU/L) 1600 t 5.28 1633 t 3.84 2067 t+ 3.59 1633 t 2.79

Mean £ SE
USee the Table 1.

oh. F71el Aol g FA vA= FF

Table 9 ¢} 109&= AlPFTEFT TASSE =3 o] Zolo FA9 WaE velliddoh A
o|AF, &, AF B A% HAADoldA ZlFAALAHIITFAA 2T vty FAasteE A

EL NHME 7159ALE H7 A FA FolA = ATk
VERASITE Table 109] Ze| A B o] FAEZ dolo] ZAupel FAlsA Hidte A
LHERA AT
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Table 9. Effect of Functional of feed materials supplementation on intestinal length in

broiler chicken

Treatment"”
C T1 T2 T3

cm / 100g BW
Small intestine
Duodenum 132 + 0.03" 127 + 0.03% L4+ 006" 125 + 008"
Jejunum 331 + 015 307 + 015 332 + 028 322 t 008
lleum 348 £ 0.09 317 + 014 318 + 019 333 t 019
Total length 811 + 0.23 751 + 0.29 764 + 047 779 + 031
Large intestine
Cecum 081 + 0.02 0.79 + 0.02 0.77 + 0.03 0.79 + 004
Rectum 039 + 0.02 036 + 0.02 040 + 0.03 035 t 002
Total length 1.20 £+ 0.03 1LI5 £ 004 117+ 004 .14 £ 005
Mean + SE

USee the Table 1.

Table 10. Effect of Functional of feed materials supplementation on intestinal weight in

broiler chicken

Treatment"
C T1 T2 T3

g / 100g BW
Small intestine
Duodenum 042 + 002 041 + 0.02 039 + 0.03 042 + 002
Jejunum .05 = 0.07 096 + 0.09 092 + 004 1.00 £ 0.06
Ileum 092 + 007 0.84 + 0.09 077 + 0.04 082 t 005
Total weight 239 t 015 221 £ 017 208 £ 009 223 £ 013
Large intestine
Cecum 073 + 007 069 + 0.10 005 + 004 076 + 007
Rectum 015 £ 001 016 + 0.03 015 = 001 013 + 001
Total weight 088 * 008 085 = 011 070 + 0.05 090 + 008
Mean + SE

USee the Table 1.
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Table 11. Effect of Functional of feed materials supplementation on organs weight in

broiler chicken

Treatment1>
C T1 T2 T3

g / 100g BW
Liver 260 + 023 952 + 016 242 + 0.08 957 + 0.14
Proventriculus 040 + 0.02° 039 + 002 036 + 0.02% 034 + 002
Gizzard 153 + 008 159 + 005 150 + 0.08 157 + 005
Spleen 014 + 002° 010 + 0.009" 011 + 001 012 + 0010®
Pancreas 024 + 001 024 + 001 025 + 001 022 + 002
Mean £ SE

USee the Table 1.
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Table 12. Influence of Dietary Supplementation of Fermented onion on Ammonia nitrogen

in broiler chicken Cecum feces.

Treatment”
C T1 T2 T3
ppm
NH3-N 58456 = 52.36 52774 + 108.22 564.72 + 2591 47715 t 53.08

Mean £ SE
USee the Table 1.
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Table 1. Effect of dietary enzyme supplementation on Feed intake in Laying hens

Treatment”
C T1 T2 T3
g/head/day
1week 11700 + 1.326 11736+ 0950 11794 £ 0600 11686 * 0.976
2week 11545 + 1.865 116.88 + 0.559 11649 = 1.907 11729 + 0.824
3week 11427 + 1.786 11615 + 0.247 11701 £ 0946 115.09 + 0.734
dweek 11820 + 0.735 11838 + 0.202 11839 + 0648 11814 + 0.183
oweek 11449 + 2.165 113.88 + 1.319 11450 = 1154 113.07 + 3.313
Total 11588 + 1.474 11653 + 0435 11698 £ 0.902 116.09 + 0.817

Mean + SE
OC : Control Diets
T1 : Control Diets + Enzyme A 0.1%

T2 : Control Diets + Enzyme A 0.1% + Mannanase 0.1%

T3 : Control Diets + Enzyme A 0.1% + Mannanase 0.1% + Saururus chinensi 0.1%

Table. 2= 5%7ke] Arehge UERNQT. Atebgo] A9 4F7|0el WE 2t 48 Aol
WshE UEA ggtou, TAHETOS MaRe W Enyme A H7FE(T), Enzyme A
S

Mannamase 37}7-(T2), Enzyme A + Mannamase +

_I_
aururus chinensis extract F7}(T3)
25 Hojd AeEs YERN S, I F Enzyme A F7F(T1), Enzyme A + Mannamase

H7H(T2)7F 7V =8 sE] Aes Uik



Table 2. Effect of dietary enzyme supplementation on Egg production in Laying hens

Treatment”
C T1 T2 T3
%
1week 8241 + 6432 819 + 7187 8565 t 4.630 38287 t 3.036
2week 7937 t 6533 30.16 + 6.237 3492 + 3785 8770 + 3.527
3week 80.16 + 5339 8770 + 3785 3889 + 1.431 3452 + 2.062
dweek 77178+ 1.730 3413 + 4576 3492 + 2.209 8135 t 2778
oweek 81.25 + 5512 86.46 + 2756 778 = 2.842 7951 + 1.252
Total 80.19 + 0.792 3473 + 1.290 3443 + 1.818 38319 + 1.398
Mean * SE

DSee the Table 1.

A F A= Al FA= Table 3o YehAth LA AFH 7t ©E 2 FAE
Aegel Wate Jehbd ggtow, BAZ QS TaA AT, T2, TS dEe
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Table 3. Effect of dietary enzyme supplementation on Egg weight in Laying hens

Treatment"
T1 T2 T3
g/egg
1week 67.02 1.038 65.76 + 1.108 65.89 + 0.724 66.38 + 0.327
2week 65.67 2.244 66.64 t 0.846 65.03 t 1.234 66.07 + 0.060
3week 65.98 1.135 65656 + 1.106 66.14 + 0.245 66.80 + 0543
Aweek 67.73 0.386 65.84 + 1.226 66.62 + 0566 6364 + 2575
Sweek 67.57 0.534 66.834 + 1.096 6764 + 0.584 69.13 + 2104
Total 66.79 0417 66.15 t 0.247 66.36 t 0.366 6600 t 0872

Mean + SE

USee the Table 1.

W7 AR Table 40] BT W Zhe] FAE AR AEE 2AAE Qo2M, BE

Aol A Ao Aol whe} ‘47—}4 FAZ e FZasts AFE UEiley o= Atd

AB0FH)] =3l 7|AFH T AR FH A H, FA7F T2 9 Enzyme A + Mannamase
WP M
Saururus chinensis extract F7FHT3)= 0403mm ~0405mmtnwns 2.2 ¥ oz FA7} F
7bste Aoz Jehgth

Eap- eN
TT=

Hel e}, Enzyme A FH7F(T1)9F Enzyme A + Mannamase +



Table 4. Effect of dietary enzyme supplementation on egg shell thickness in Laying hens

Treatment
C T1 T2 T3
mm

1week 0440 + 0.0099 0415 t 0.01056 0422 + 0.0113 0403 + 0.0191

2week 0371 + 0.0063 0405 t 0.0141 0.383 + 0.0091 0.398 £ 0.0137
3week 0376 + 002556 0411 + 0.0110 0382 + 0.0124 0407 £ 0.0108
4week 0380 + 0.0110 0392 £ 0.0087 0.397 + 0.0101 0436 + 0.0189
oweek 0412 + 0.0135 0401 £ 0.0068 0.387 £ 0.0076 0.369 £ 0.0160
Total 03% + 0.0074 0405 t 0.0042 0394 £ 0.0024 0403 £+ 0.0090

Mean + SE
DSee the Table 1.

e 12 ®, Table 49 VEbd W2b FA9 FEAE Fogd W =7}
o, 237179 vmste BE FHUlel A 35.77~36.18kg/cm’e]

o
= A5 & F AT

Table 5. Effect of dietary enzyme supplementation on egg shell breaking in Laying hens

Treatment”
C T1 T2 T3
kg/cm®
1week 3650 t 4617 3775+ 2535 3738 t 3622 4065 t+ 5378
2week 2972 + 4572 31.13 + 4671 30.73 + 3627 3405 + 3743
3week 3223 + 2963 37163 t 3.377 3650 + 3321 3253 47757
dweek 3308 t 1.670 30582 + 2.097 3717 + 3955 41148 + 3595
oweek 27123 £ 4462 3650 + 2217 3860 + 2.302 32.23 t 4355
Total 3175 t 1.335 30577 t 1.333 36.08 + 2200 36.19 + 1.897

Mean + SE
DSee the Table 1.

Ao 2A = GAEA7} A= v &L Table 69 YERGO ™, tizTFo Hsle A
H7FF A 736~750%2] FFo 2 =A UEGon, o]= Table 4, Table 59 ZA¥o}o] A
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Table 6. Effect of dietary enzyme supplementation on egg shell weight in Laying hens

Treatmentl)
C T1 T2 T3
%/egg
1week 737 t 0.076 695 + 0.192 708 t 0.181 658 t 0.279
2week 795 + 0.368 820 + 0171 862 + 0.264 819 £ 0.118
3week 709 + 0488 782 + 0.291 719 £ 0.317 740 £ 0.308
4week 690 + 0.170 742+ 0.137 720 £ 0.192 766 + 0.316
oweek 700 + 0.338 712 + 0.248 6.80 + 0.229 699 + 0.173
Total 718 + 0.110 750 + 0.099 739 £ 0.122 736 + 0.107

Mean + SE
DSee the Table 1.

Haugh unite] 73-¢- Table 79 YeRASI S ™, T2 72} Enzyme A + Mannamase 7}(T2)
= ¥ 58 YERRRI S Y, Enzyme A H7FH(T1)9} Enzyme A + Mannamase + Saururus
chinensis extract F7}74(T3)= 87.96mm~88.612] HLE YEl® &2 Haugh unit7}
S7hste Ao 2 Ve

Table 7. Effect of dietary enzyme supplementation on Haugh unit in Laying hens

Treatment
C T1 T2 T3
HU

1week 9194 ¢ 1610 90.04 + 1.637 8849 + 2497 91.78 + 2.456
2week 8775 = 1522 86.76 + 4612 8875 £ 1.057 8760 + 3548
3week 8964 £ 1.680 9068 + 2.804 8789 + 2413 91.50 £ 1.002
4week 86.37 £ 2.022 9054 t 2.724 8705 £ 1.189 8096 + 1.870
oweek 7885 t 1.897 80.04 + 2412 7990 + 2327 8291 + 2734
Total 8691 £ 0.722 8861 t 1.551 86.42 + 1.500 8196 t 1476

Mean + SE
DSee the Table 1.
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