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O #8+79 HF4 a8 =210 2 9499 HAY =1 HE
4) Adbro] wiekera 54 B AL 540 54 A
5) Aol Ae =AY A AL

O A9 BF5F =4

O 4759 Cellulase, Hemicellulase, endoxylanase®] &2 A A
7) A ARA Eeldd fAAke] W 9 o] g-
8) A5 AL

O Hemicellulase, endoxylanase® &2 kinetics FA}
9) MA Af4 Taldd 2] 29 2 224 4

&
O WA Afra Eallad 54 e de 2 24
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A2E o] &3 vAE AT

e
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V. 342 A1

A 1AF-HA
7154 A3F FEEYe # AFAL

. O [e]
A FolmAle] n| o] gAY o 2 HE YERE FES A, v o] &2k 100g
of thgt LFEFFEHAAE 15g9 FEES DAL, methanol? FFEH A
© 5g9 HERE GATE 10% NaOHZ FE A= 3ge daL, F7]18me}
alkaline©. & hemicellulose FZ5 | 9alAE= 2.1g9] JIdH FEFES Ao vIdH
el F

v A FolHAlL, EE AfFolHAl, WolHA S 2 RY B—glucan F=

B—glucane thgst A S-S zkar Qlo] AFolH AR FolHAl 1ejar
AMEolm A AxET 20g02HE B-glucans FE3ATE AFolH Aol
35.6mg2] B—glucans AL, HFAI] AFo|HA A= 164.3mg, Ho|HA o2 H
B 18.6mg9 B—glucans AT #Ha Aol HAoA TFgA]7|R] & AlFo]

HA BT 3ujo]d W2 ZFo B—glucan®] F=5 o4
of et HHES oL FIHALY SHoAM= TaE Al
3

RS =
Folul Az} oA mTh 22} 200%, 150% & A

Lo ol

B—glucans& ¥4
oJM A dEE HHE] A

o ob



2. 718 mE o] &3 WA Ve =4 F=

7h AjEo] WAl oAl o] Wax A4
Aol Al o] m O]*O“ 24918 chloroform¥ methanol &&=
Z33ith B2 2450 FEHARA, Y EYAAEE ggegion, dakstg
A FEASL S FRletglon, AL ol dET 30uo]de] =& &
S B

. Aol Al Holm Aol lignin AHsHE 4
Aol Az ol MA lignin AFelES GC/MSE 48 A3 AjFo]H A
M 13F o] o] ol ar, HeoWAAE 457 =4o] &<l Hoj
Aot Mol HA 9 lignin A& 2] A4 -2 9—0ctadecenoic acid(C18:1)°] 65% = o}
F =2 s molon, 1 99 hexadecanoic acid, propanoic acid, hexanoic acid,

benzeneacetic acid s=°] 1t}

U A7 E ol &3 AFolmAl =dFE

1) Hexane F==2| Az &4y 47

AMEolmA e f7]8ul FEFE FolAl hexane FEEo| g3t itst &
e YeEWH O 2R column chromatography®} TLCZEA EZAEHE AT, &
A T kst d S ol FWHSH B 2 EC dA4S yERlon, &

olstAl FFdE HEll= EHAE o g1S kgl

2) Hexane F=&==Z4H FIHLA4

NEolHA FZE2 column 8% 27 0.02mg¥} aspirin 0.2mg, 0.5mg 2

F218], DMSOE A g 3te] w]usk A3} aspirin 0. Sng 2] g+ 3Lo| A= control
Bt} 38 =4 fibrine] A FH AT, Column 3]5E H1-3, 4, 5, 79l ol 7
He AL S vElYh TLC Rf 0.3890 Zgk d3s el =4(H-5)2
control Bt} ¢F 3.781¢] ZAS K, aspirinE. T} 25819 A& #(0.02mg)S * &
PAT G4 o =A YERL, BEAYAE sdst A9E dS F AT 1
2 A¥le] A3 Hl-5EHo] e do] 714 f—% ou g 22 AYS AT
2 A3 Column 3% AAA 73 vlusles uf &do] #4 ‘/}E‘rMﬂ‘ﬂ
w3 348 H2-1, —2% 225%%} 285% %2 Uha %f thrombin #3] &4& 23}
u, H2-3, =6, =79 & 22 520%, 552%, 532%2] thrombin A 3] &4 & L}'ﬂ-/\/\_l_
Rf0.2 T+ E3EHo] FAEQ H2—-42 H2-5 B3 &A= 0.02mg * 8]l fibrin
o] HAE ] A A = o} A P AT S JEY

32} TLCoA+= H3—3(Rf0.45), —4(Rf0.51), —5(RfO0. 59)/] 33HE2 0.02mg 5%
ol A thrombin EAA A S 43| Ao 2 A fibrinogenol A fibrino =2 Wk
o] dojupx] &t H3-3E4HS wFwdste] GC/MSEA S AAIgh 43 sht



o] peakE Flglom, BA=F 1309 2—ethylhexanol® FA o] = AT},
3) Chloroform F&E2Z5¥ istEd =48
N EolHAS chloroformo® F%3+%] normal col.S F+ =t#| AA|SHaL,
reverse col.= 3= AAlste] kst SAEL S T
A EAE FREAY gdds YA assay g sk Tl
4) Methanol F==25Y & A4}
AEo]HA methanolFEES columne AAISY 248 &5 .
I A Tl 3FF] FS AAstste] EElsklt AA 3E A4S 9% A
Zol Ak

gh, AE ol A I A Fo] EAHE O] A
Ao A Y] AfAE LlAA 715 EFE 471 fste] f71E Ealls
o] g MAES FFste] TaEAA dEFFe & FEES ol B4E o3
oth dutelgEe AlFolHA FEE A0 A 24F 0] HEHAZ WHE, AjFo] i
FAHEO A= 33ToR B2 TRV AEHAL, dF 212 Fo] FAE1 =
o= HA A FolHAS o]&st

b Aol Al Bk Fof Algke] AEEA
1.5%~4.5%7FA Ab&o A7}sle] Folst go] A A
go] Wty Jdms wlaEAde Ay, A TLCA AR Aol d e
= 0.6~0 H7

Methanol FZ&E&|A Rf

6~0.97kA4 9] 5 G FES Y= =4do] WAS HIHe
o A= el whe} Hak o EAT AR FAA #AS SR ARE
= Zo= Algdn. Alge] 4 CHCLE FE3te] 2 RS vudk Ay A
T e AEolE FoatA] &S control®th HRE AHEE0] A YEelgton
£3| Benzenedicarboxylic acid¥ 4.5% AFRE FoJ3F go = F8 110%9 E7}
£ HelY d3S CHCho= F&E3 A3 control®th tff-iEe] AiEEo] Wz}
o] =4 JEbgkon, E3] Stearic acidE 4.5% AIEE FoJ3F @oAE 94%9]
<7 BT

7+&
eSS MeOHZE FE319] 1 WS vlust Ay Aol A=k 7ol uf
2} cholesterol®] o] ZHAEJH T AlFe] cholesterol AsFe] @¥f+= o}l Twr|=
& Az AtsFH)

. AjEolm Al Baiks Ho] Ao A
4ol MFAES 1%, 2%, 3% A715te] A" AdoZRE WgrEe
A A}, Akl 3% F7bske] Foldh ol A o] 96% EolEe
A Fgth



222 AEolWMA g RS 3%, 5%, 7% E3ste] Folste] AAtE Ao
A Hpake 3
|

ate] wlaek Ay @ AEd A}o]E WAl control®th thi-
o™ cholesterol IEEL Yol AL B 4 9)

AgolMA AsFEEe wH g
0.36mg/ml, 0.72mg/ml, 1.5mg/mlE *2] 3
190.1% s7tetglon, &= s3 W o] LxI FFEF=}

= A%=

ol s & vustelS W 1.08]~1.64)
]

aE A ety deFEES
S ] A3 o)l EE] 155.2%, 166.2%,

FEE) O 23

2) Ajgol % ol sE
AMEolmAl S TagAl & A4FEES 0.36mg/ml, 0.72mg/ml, 1.5mg/ml
2 A AS w) 22 114.1%, 126.3%, 180.9% = Aol we} F ¥ or &
7tgom, =itol Hid FFEEY dxFEE Hrb 1.0~1.54 F7tskith
3) AEolHA dFEFEE 7 EFRALE AstHolsAY 54
A FoIMA dF-FEE A dil 75 20% H7tste wheE 2A4E9
23tol s ES AT 2AE 0.36mg/ml, 0.72mg/ml, 1.5mg/ml &%= A2
A ZsldtolmEo] 2+ 158.3%, 233.3%, 294.1% % A=l ule} A3 Z713o
W, B 32E2E9 FxFE2E 1ot AAE 1449, A= 254 S1eY. Id55E
B Ads WEu o]sEo] AAs] S AL FEEIH 1Y AL
o3t Ao g wekETh
4) AFolvAl TaAE dFEFEEd F = EL W) 3}
oAl daits 45 =3 A5 ddl 75 20% H7tskd

=
7} 180.0%, 212.5%, 258.3%i Akl uhet A A
2355 Bt 47 169, 1.94, 2.2v2 A S71skddh
5) MEolMAl dFEEe aaltsiit=d od Wulss a3

MEolm A AFFEES cellulase?} hemicellulase® 7FEEa] AlA &4
qAtES 0.72mg/ml9t 1.5mg/ml SE== 2SS w) 204.6%} 316.4% = A 2] Zol
Hl g Al AstdolsEol S7tallth. mae o 1 ddFAES A9 dol=
A Aoz e olss HA dMF, SAEYN & TP oRA Astol
TS A Ao dHET,

o =
6) AEolw A Lol wWusia mt
k=2

AEolmAl BiS Adukalgel 3% 5% 3 7tele] Fo3S w, A3ldolw
52 167.3%, 192.9% FHAF T} o] A= & u QoA 71 glo] Iz
AFsteegte drldlcays Jde Aoz Fdegojzion A4 HdFHHe] A=

§ @ed Aoy,



7) Aol dE Ede] wnlEls avt
g AFolmAl BT 3%9 5% H7bste] whE AlRE Foldh npgse
Astdol s Y SAAME A7 128.2%9 216.6% = A3tHolTES ST

b WHH] -2 = (Sprague—DawleyC)ell thak Hu|/)d a3}
Ao A d-FEES Aol 2mg/ml, 3mg/ml, 12]i 4mg/ml FX%
< 27y 128.4%, 140.5%, 157.3% %2 =7} o, Wl /-t
242} 121.6%, 132.1%, 133.7%% S7Fet3aL, W] & 2442} 173.0%, 239.9%,
251.7%% S7} 3ttt

1=}
1) AEolHA A5FFES Folg phgso Aol
MEolHA d4-FE5ES 0.36mg/ml, 0.72mg/ml, 1.5mg/ml FE=2 2]

o] Fo]E S wj, LDL—cholesterol 3r&& 7+7} 21.8%, 33.6%, 40.0%% = 2=
Qtﬁ Total cholesterol& Z+ZF 8.4%, 10.1%, 12.1% = =] ulz}

2) Hh@ AH%O]HW FFE=S 7o vhe-29 AT
g AfFolmAl d5FEE 0.36me/ml, 0.72mg/ml, 1.5mg/ml FE=E Fo

£ 3 & o], LDL—cholesterol %] 0.72mg, 1.5mg A&l A 7.5%, 24.7%= 3t
23l om, Total cholesterol<= 9.2%, 10.6%, 17.8% %At}
3) MEolAl dFFEEd ¢7 T 2AES 3918 vk i
AFemHl a2 FrE TEF £4ES 0.36mg/ml, 0.72mg/ml,
1.5mg/mlE A8l 3d< wl, LDL—cholesterol 3%F0] 19.4%, 19.4%, 26.2% % kol u}
o 7+Ag o Total cholesterol B3F 1.9%, 4.7%, 8.9% 7rA3IT}.
4) g Ao deEFEEd v T 2A4E 5o v o
2ty AFolw A deFEed ¢ £ £A4=S 0.36mg/ml, 0.72mg/ml,
1.5mg/ml == 5935 w, LDL—cholesterol &< 15.5%, 22.2%, 33.3%% 7+
Z~38lal, Total cholesterole 5.9%, 8.6%, 9.7%= A 2]-sXol| v+ At}
5) MEolHA 28 ALEE ol vfg-29 FoAEA
Mol Al S ARl 3%, 5% /I8t whg-o FAAFHS
LDL—cholesterol ke tizTol WalA ztzb 18.2%9} 7.5% 7t2=@ow, Total
cholesterol 6.9%%} 7.7% 723}t
6) da AFoIHA THEAEE Fog vl YA EA
g A Eo ]‘ﬂ’}i wHS ARl 3%, 5% HIbsto] mh-2ddl FAAIHE o
37.9% 57V} 24.7% 723t} Total cholesterol™=
3% Al A 13.3% S7FstR o, 5% HEwr2 20.5% FFAski

gt A EoAl dFFEES F93 P =(Sprague— DawleyC)«] 3 ol B A

AFolMA d4FEES 2mg/ml, 3mg/ml, 4mg/mlE 3 Pro] ol
F % LDL—cholesterol &% 32.0%, 39.6%, 35.8% Z&ﬁ:iﬂgﬂﬂ, Total cholesterol
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A 241 F-2A]
o o] BAALS o] &% AF 4 Hav] ALY

1. AxAg 1 o4 HlAA L olF A Az
b AzAT W] o]& MAAL] 9@ A A

Aol ogt AxAe 1 olg AN FAEHE Aty ko]
5052 e] stolehel AghA 22458 A7) TFORE Uro] fET(0)E 7] ZAER
Folarga, AY 1H(TDE 7124 =0 AzA2 9 1 o] & FouA 1%E, A4
27(T2)e AzAe | " ol& WolmA 302, AF 37(T3)E A% Ade o
ol oMM 5%2 75 Fob FolatArt. ololA 607 dholgiel 22452
A g0z e faT(C)E M 2AaT Folstgln, Ag 17(TDE 72 s
of Az AzE 1 o]g WolMA 1%E, AF 27(T2)e A% AR v o]& 3
oAl 3%E, AF 3T(T3)E A% AL v o] & WolmA 56F 757 ot Fol
sl Polxl Ak e ),

) AzAE AEo|MA T HolMAS 7 ZAE 0.0%, 1.5%, 3.0%, 4.5% &
of wf AR7IZE T AbERE, A}E”%a *} STEE A ol FoAxrt gl
2) AxAT AqFoHAE F T29F T3 oA E. colirs7F fr<lstAl
© 1 (p<0.05), T34 Salmonellaxt 57} 7+438% tH(p<0.05). Az 2]
T3 A= T1, T2, T34 Salmonelladt =<} E. colitt57F #9124 &
2 7289 tH(p<0.05).
) AxAE AFoIMA S 1%017d FolTolA Al W sty oyt dal ol
%‘i‘cﬂ‘” TH(p<0.05).
) AxA AFolwAloly HolmAlS A7t Fo FAS W *Fe A 3t
of ZFol7} glolTh.
5) AxAg AjFolHAloly HolMAl S HIbao s wf dWiel S9-f
HEZF vha = ov, Fofx7h AR HA sk FEAe A 1
AT
) AxA ] AfFoln Aol HolH A&
Wz o] )= A H(p<0.05).
) Az AFolMAl S Ao Al wolgso] SUHETS AldA AT
o] 7401 9 Hp<0.05).
ol el AaE TFA R nFI & w dxAY 7] o]& HAS A AL A
7} wolsta AbebA W & A = An)
Yol 7 MRS TFAA7|H, G2 S T detar, Al ATIE A A
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2

Al Aol gk wa A v o8 WA Y] o adE AESH] $8ke] 605
# o] o|AlH e AFe A 2058 47) 1EOE Yol gFR2T(C)E 7 2AER 98t
R, A 17T = 7124 gl Taxe] | v o] & FolHAl 1%E, Al 27(T2)
v Zaxg @ v olg HoWA 3%E, Al 37 (T3)= LaAg v o] & Yo
A 5%E 77 &< wolskltt. olojA 60FE < stoletel 307E 67 LFOE U
of E=F(C)= 7IZRALERF 3938kl AL, Al 17T+ 7]|Z:A R EaA e € m
o]-& HoHA 1%E, AN 27(T2)x= LaAz € v o] & HolHA 2%E, A1¥ 37
(T3)E= Zaxg & v o] oA 3%, NF47(T4H)E Taxg 2 v o]g 3
OIHA 4%E, ANFA5T(TH) = Taxg v o] & WA 5%5 575 &<t 53
ok dolzl Axe g A

7hoEA e v ol g AlFolmA HaAe] WoMAS 7| 2AR 1% 5%
A A7 s W AbE S, AARAFHE, AARaTECdE A b zte]7t ¢l
At
v g A e] v o]g HolwAlS HYE Fof Al T1, T2, T34 Salmonellatt<=
23931 (p<0.05), T4¢k T5elA = E. colittF7F 743 AtH(p<0.05). W& A
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SUMMARY

King oyster mushroom, Pleurotuseryngithas nutritionally many advantages to
human body as having a diversity of biologically active substances. We
developed this mushroom not only as food but also health assistance food,
disease therapeutics and disease preventer. Unused products of King oyster
mushroom are generated continently during commercialization and cultivation.
However, under present condition, unused products were deposited or used as
fodder and fertilizer.

The objective of this research developed products by extracting polysaccharide
and functional food from unused products.

The research about bioactive components and isolation of materials was
conducted by extracting polysaccharide and materials from unused products
under various conditions. We obtained three different amount of polysaccharide,
that are 15g, 5g, and 2.1g, using a wide variety of methods including high
pressure hot water extraction, hot water extraction, salt extraction, organic
chemicals and alkarine extraction from 100g of dried king oyster mushroom.
After inoculation of B. subtilis and Klebsiella sp. to King Oyster Mushroom, we
obtained three different concentrations of B—glucan, 35.6mg, 164.3mg, 18.6mg
from each fermented king oyster mushroom, king oyster mushroom and golden
mushroom. Astheresultofexperimentofcoagulation activity using intermediates
from the extraction process of [B—glucan, coagulation activity of dried king
oyster mushroom showed 200% higher than king oyster mushroom and 150%
than golden mushroom.

We studied a variety of materials and physiological activity which were
extracted from King Oyster Mushroom by wusing organic materials. The
materials were isolated from wax components of King Oyster Mushroom using
methanol mixing materials and Chloroform. Seven species of antioxidant were
identified by two times of column chromatography tests and showed that the
treatment of 0.02mg King Oyster Mushroom extract presented a similar level of
coagulation activity effects to treatment of aspirin 0.5mg. This result a high
level of activity, showing more than twenty times than We detected unique
fluorescence materials from UV 365nm and also Antioxidant activity materials
from the isolation process of materials using hydrophobic solvent to King Oyster
Mushroom. This material has characterial of coagulation activity. The materials
having anti—thrombotic activity were isolated and we did identification of
structure after NMR analysis. The species of sugar crystallization and materials
showing anti—thrombotic activity from King Oyster Mushroom extract with

methanol which is polar solvents.

_23_



We studied constipation relief effect to Balb/C male mouse and
Sprague—DawleyC strain male by measurement of charcoal meal transit in
Balb/C mice and also tested constituent parts of the blood to verify effect of
polysaccharide to blood. When extraction materials from King Oyster Mushroom
was dissolved in water with three different concentrations, 0.36mg/ml,
0.72mg/ml, 1.5mg/ml and inoculated to mouse, charcoal meal transit was each
155.2%, 166.2%, 190.1% and was increased in proportion to the amount of
treatment. Extraction materials from Fermented King Oyster Mushroom also
showed similar result with those of King Oyster Mushroom, being increasement
with 114.1%, 126.3%, 180.9%. When extraction solution mixed with milk and
treated with three different concentrations, 0.36mg/ml, 0.72mg/ml, 1.5mg/ml,
charcoal meal transit was each 158.3%, 233.3%, 294.1% and also was increased
with the amount of treatments. In case of fermented King Oyster Mushroom,
similar result was obtained. When treated with cellulase and hemicellulase to
extraction materials from King Oyster Mushroom and then measured rate of
charcoal meal transit, treatment with 0.72mg/ml and 1.5mg/ml increased charcoal
meal transit with 204.6% and 316.4%.

The experiment that was inoculation using extraction materials from King
Oyster Mushroom to loperamide—induced constipation in Sprague Dawley rats to
know constipation relief effect showed distinct good effect to fecal amounts and
defection as increasement of water contents in feces. When we analysed blood
constituent of mouse inoculated with three different concentrations of extraction
materials (0.36mg/ml, 0.72mg/ml, 1.5mg/ml) from King Oyster Mushroom, total
cholesterol was increase of 8.4%, 10.1%, 12.1%. When extraction materials from
King Oyster Mushroom was dissolved in water with three different
concentrations,  0.36mg/ml, 0.72mg/ml, 1.5mg/ml and inoculated to
loperamide—induced constipation in Sprague Dawley rats, the amount of
LDL—cholesterol was decrease of 32.0%, 39.6%, 35.8% and also Total cholesterol
was decrease of 15.0%, 24.2%, 32.4%.

This study was conducted to investigate the effect of disused mushroom on
egg and chicken meat production and their qualities. By—products of Pleurotus
eryngil and Flammulina velutipes collected from local mushroom farm were
dehydrated under room temperature condition and fermented with ZBacillus
subtilis and Klebsiella sp. Sc. By using the prepared mushroom following four

trials were carried out.

Trial 1. Production of hen egg by using dehydrated disused mushroom
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Two hundreds and twenty four Hyline layers, 50 weeks old age, were
divided into four groups: 1) Control(basal diet), 2) T1(supplemented with 1%
dehydrated mushroom), 3) T2(supplemented with 3% dehydrated mushroom), 4)
T3(supplemented with 5% dehydrated mushroom) and raised for 7 weeks. The

results obtained were as follows.

1) There were no significantly difference among treatments in egg production
rate, feed intake and feed conversion in case of feeding by dehydrated
Pleurotus eryngii and Flammulina velutipes.

2) The number of E. coli was decreased in T2 and T3, and the number of
Salmonella was decreased in T3 in case of feeding by dehydrated Pleurotus
eryngii. And the number of E. coli and Salmonella were significantly decreased
in case of feeding by dehydrated Flammulina velutipes.

3) The amount of fecal NH3 gas significantly decreased in T1, T2 and T3 by
supplement of dehydrated Pleurotus eryngii.

4) There were no significantly difference among treatments in egg weight in
case of feeding by dehydrated Pleurotus eryngii and Flammulina velutipes.

5) Albumen hight and Haugh unit of egg were improved in treatments
compared to control. However, there were no significantly difference among
treatments.

6) The quality of egg shell was improved by supplement of dehydrated
Pleurotus eryngii and Flammulina velutipes(p<0.05).

7) The storage period of eggs was prolonged in accordance with increasing

the feeding level of dehydrated Pleurotus eryngii (p<0.05).

Trial 2. Production of hen egg by using fermented disused mushroom

Twenty Isa Brown layers, 60 weeks old age, were divided into four groups:
1) Control(basal diet), 2) T1(supplemented with 1% fermented Pleurotus eryngii),
3) T2(supplemented with 3% fermented Pleurotus eryngii), 4) T3(supplemented
with 5% fermented Pleurotus eryngii) and raised for 7 weeks.

Thirty Hyline Layers, 60 weeks old age, were divided into six groups: 1)
Control(basal diet), 2) TI1(supplemented with 1% fermented Flammulina
velutipes), 3) T2(supplemented with 2% fermented Flammulina velutipes), 4)
T3(supplemented with 3% fermented Flammulina velutipes), 5) T4(supplemented
with 4% fermented Flammulina velutipes), 6) T5(supplemented with 5%
fermented Flammulina velutipes), and raised for 5 weeks. The results obtained

were as follows.
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1) There were no significantly difference among treatments in egg production
rate, feed intake and feed conversion in case of feeding by dehydrated
Flammulina velutipes.

2) The number of Salmonella was decreased in T1l, T2 and T3, and the
number of E. coli was decreased in T4, T5 in case of feeding by fermented
Flammulina velutipes.

3) The amount of fecal NH3 gas was significantly decreased in T1, T2 and
T3, but not decreased in T4 and T5 in case of supplement of fermented
Flammulina velutipes.

4) The quality of albumen was improved by supplement of fermented
Pleurotus eryngii and Flammulina velutipes. But there were no difference among
treatments in yolk colour.

5) The quality of egg shell was improved in T1, T2 and T3 by supplement of
fermented Pleurotus eryngii and Flammulina velutipes(p<0.05).

6) The storage period of eggs was prolonged in accordance with increasing
the feeding level of fermented Pleurotus eryngii (p<0.05).

7) Fatty acid composition of egg yolk was improved by fermented Flammulina
velutipes(p<0.05). Unsaturated fatty acid contents was increased in accordance

with increasing the feeding level of fermented Flammulina velutipes.

Trial 3. Production of chicken meat by using dehydrated disused mushroom

Ninety—six broiler chicks(HanHyup No. 3) were divided into four groups: 1)
Control(basal diet), 2) T1l(supplemented with 1% dehydrated mushroom), 3)
T2(supplemented with 3% dehydrated mushroom), 4) T3(supplemented with 5%
dehydrated mushroom) and raised for 6 weeks. The results obtained were as

follows.

1) There were no significantly difference among treatments in weight gain,
feed intake and feed efficiency.

2) The number of Salmonella in cecum was significantly decreased in T1, T2
and T3(p<0.05). However, the number of E. coli was decreased in T2 and
increased in T1 and T3.

3) The amount of fecal NH3 gas was significantly decreased in accordance
with increasing the feeding level of dehydrated mushroom(p<0.05).

4) Carcass ratios of broiler chicks were lower in T1, T2 and T3 than in
control. However, there was no significantly difference.

5) a* value of breast meat in T1, T2 and T3 was lower than control, but

that of thigh meat was higher(p<0.05). b# value of breast and thigh meat was
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increased in accordance with increasing the feeding level of dehydrated
mushroom(p<0.05).

6) Cooking loss of breast meat was increased in T1, T2 and T3, but
water—holding capacity of breast meat was decreased in T1, T2 and T3(p<0.05).

7) Water soluble protein solubility was lower in T1, T2 and T3 than in
control and salt soluble protein solubility in T1, T2 and T3 was higher than
that in control(p<0.05).

8) Crude fat of breast meat was decreased and those of thigh meat were
increased in accordance with increasing the feeding level of dehydrated
mushroom(p<0.05).

9) Free amino acid contents of breast meat were appeared highly in T1, T2
and T3 compared to in control and those of thigh meat were appeared highly in
accordance with increasing the feeding level of dehydrated mushroom

10) TBARS of breast meat and thigh meat during the storage of 9 days were
significantly lower in T2 and T3 than in control and T1(p<0.05).

11) Fatty acid composition of breast meat was improved by dehydrated
mushroom(p<0.05). Unsaturated fatty acid contents of breast meat were higher
in T1, T2 and T3 than in control (p<0.05)

Trial 4. Production of chicken meat by using fermented disused mushroom

Ninety—six broiler chicks(HanHyup No.3) were divided into four groups: 1)
Control(basal diet), 2) T1l(supplemented with 1% fermented mushroom), 3)
T2(supplemented with 3% fermented mushroom), 4) T3(supplemented with 5%
fermented mushroom) and raised for 6 weeks. The results obtained were as

follows.

1) Weight gain and feed intake were not affected by supplementation of 1~
5% fermented disused mushroom. However, feed/gain was lightly improved in
T1, T2, T3(p<0.05).

2) The number of Salmonella and E. coli in cecum were significantly
decreased in T1, T2 and T3(p<0.05).

3) The amount of fecal NH3 gas for 9days was increased in T1, T2 and T3
compared to the control group.

4) The carcass ratio was lower in T2 and T3 than in control. But there was
no significantly difference.

5) a* value and b* value of breast meat and thigh meat were decreased by
feeding of fermented disused mushroom(p<0.05). However, L* value of breast
meat and thigh meat was not affected.

6) By supplement of fermented disused mushroom, cooking loss was increased
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in breast meat and decreased in thigh meat, and water—holding capacity was
decreased in breast meat and increased in thigh meat(p<0.05).

7) Water soluble protein solubility and salt soluble protein solubility of breast
and thigh meat were the highest in T2 and the lowest in T3(p<0.05).

8) Crude fat of breast meat and thigh meat were increased in accordance with
increasing the feeding level of fermented mushroom(p<0.05).

9) Free amino acid contents of breast meat and thigh meat were appeared
highly in T1, T2 and T3. However, those of breast meat and thigh meat were
appeared lowly in T2 compared to T1 and T3 group.

10) TBARS of thigh meat during the storage of 6 and 9 days were lower in
T1 and T2 than in control (p<0.05). VBN value of breast meat and tight meat
were increased T1, T2 and T3 compared to the control group.

11) Unsaturated fatty acid contents of breast meat and thigh meat were higher
in T1, T2 and T3 than in control (p<0.05). The ratios of USFA/SFA were
increased in accordance with increasing the feeding level of fermented

mushroom(p<0.05).

Key words : Mushroom resource, Pleurotus eryngii, Flammulina velutipes, Egg

production and quality, Chicken meat production and quality

Bacteria that can produce functional oligosaccharides were isolated from
soil samples. They formed clear zone on LB agar plates containing CMC,
xylan, soluble chitosan, colloidal chitin, glucomannan, locust bean gum and
soluble starch by staining with congo-red. ZY-03, ZY-08, and Sc were
identified as Paenibacillus xylanilyticus, P. illinoisensis and Klebsiella sp. by
sequencing of its 16S rDNA and phylogenetic analysis, respectively.

A cyclodextrin glucanotransferase (CGTase, EC 2.4.1.19) gene from ZF.
illinoisensis was isolated and cloned into FEscherichia coli. Analysis of the
nucletide sequence revealed the presence of an open reading frame of
2,157bp (718 amino acids). The N-terminal position encoded a 34-amino
acids of a signal peptide and followed by the mature enzyme (684 amino
acids). The deduced amino acid sequence of the CGTase form P2
llinorsensis ZY-08 exhibited 99% positivity to the CGTase sequence from
Bacillus Ilicheniformis. The four consensus regions of carbohydrate
converting domain and Ca?" binding domain could be identified in the

sequence. The CGTase was purified by using cold expression vector, pCold
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I, and His-tag affinity chromatography. The molecular weight of the purified
enzyme was about 74 kDa. The optimum temperature and pH of the enzyme
were 40C and pH 7.4, respectively. The enzyme easily converted soluble
starch to B- cyclodextrin, also weakly converted king oyster mushroom
powder and enoki mushroom powder to B-cyclodextrin.

A CMCase-producing bacterium, Alebsiella sp. Sc, was isolated from Busan
area's soil sample. This strain was identified on the basis of phylogenetic
analysis of the 16S rDNA and rpoB (RNA polymerase B subunit) sequences.
The gene encoding CMCase was cloned by genome library. The CMCase
gene consisted of an open reading frame of 1,002 nucleotides and encodes
333 amino acids with a deduced molecular weight of 37,666 Da. The
deduced amino acid sequence of the CMCase from Klebsiella sp. exhibits
95% identities and 97% positives to those from Cellulomonas uda and 58%
identities and 72% positives to those from Erwinia chrysanthemi. The CMCase
contain a conserved motif with the consensus sequence, ASDGDTLI
AWALLRAQKQW. This result shows CMCase protein from Klebsiella sp. Sc
belongs to glycoside hydrolase family 8, A—[ST]-D—-
[AG]-D—-X(2)-[IM]=A—-[SA]-[LIVM] = [LIVMG]-A—-X(3)—[FW].

The Paenibacillus xylanilyticus ZY-03 was newly isolated from Konjack
field, and produced of B-mannanase (900 U/ml) when grown on
glucomannan as a carbon source. The P-mannanase was purified 34 fold to
homogeneity with a final recovery of 15% and specificity of 169 U/mg
protein as judged by SDS-polyacrylamide gel electrophoresis. The molecular
mass was approximately 39 kDa. The optimal temperature and pH for
mannanase activity was 600C and pH 5.0, respectively. The activity was
stable up to 600C at pH 5.0 and it was stable within pH 5.0-7.0. The
mannanase was highly specific towards glucomannan and galactomannan, but
exhibited low activity towards chitin, CMC and mushroom powder. These
unique properties of the purified B-mannanase from Paenibacillus

xylanilyticus ZY-03 make this enzyme attractive for industrial applications.
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=
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M

3) NaOH<®} acetone Aol <3 t}dH

M0 HA

10% MalH ZE{in 5% urea)

1 2t

(H e

au:etu:unia =H

| | | |
10% 20% 40% 80%
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Fig. 4. NaOHE °] &% U3F{F F54
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4)

71819} alkaline =

Sample

| dry at 60 “C for 16h

Dried sample

Soxhlet extract with CHCI3-MaOH(Z 10w/, BO0mI) for Bh
|
[

Solvent

]
Residue

Evaporation Dry(B0 ¢ 16h)

Delignification

Filteration
|

Residue

1
filtrate

| Wash with water(x3), Dry at 60 ¢ for 16h
Alkaline extraction

Filteration

1
Residue filtrate
precipitation with Jwol, EtOH
[ ]
Frecipitate filtrate
dialyze
Centrifuge
|
[ ]
Fellet Supernatant
{Insaluble Hemicellulose) (soluble Hemicellulase)
Fig. 5. 7189} €& o] &% UFFFEH
5) MEolHA o= HE 847 484 bt/ &
AjFolmA L Ha AjFoHAoRRYH HEdRE 8 glste] ud
shsk 4 9 ABNA R old 52 sk il g 5
FHE stk WS Fig. 690 GAIs] e
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Sample
1
immerge in 300m2 (MaBHa 1560w/ KOH 24%0wd))
for 3hr with agitation at room temperature
1
centrifugation
Sup. (add EtOH (6 wol) 950 (w/vl)
l
pH use adjust to neutral by AcOH
1
incubation O at 4 ¢
l
centrifugation (30 min, 9000g 4 °C)
1
washing (EtOH 80%)
l
suspend (dsHzO) 12 hr at 4 °C

l
u:elntrifuge
I |

SUp ppt

l l

water soluble polvsaccharide water insoluble polvsaccharide
l l

freeze — dry freeze — dry

Fig. 6. A|Fo|MA 2Ry #8437 H¢84d dIFFEe

6) AjEolH Al HolmA o E B-glucan F=&

Aol A AFolE TaAZ] WA 2E]al Fo|HA O RIE B-
F=otlvt. Aol Al % ]‘ﬂﬁi% EFFo] HEH AARFAS gk XA Ax
E A v FHE st FEAEER ARES SIS, HASESE AT AlFolH
e FeaAold Eeld nAgER AEIE A7 ETE 3
st A AS AAG7I Y 13 9552 chloroform®F methanolS 2:1% &%
g BulE 24 AR Sufe o HIFE the 60ToA A SFFES 33
wHEete] A A& AA AT 5 Folv AolA WS sl ofH(E sto] &)
E AAGL AL Ay DA A A =455 A7ty st
methanol?} & 4:12 £33 &vl& FoJZ9] 5ulE H7bsk ths A ZAAAT
2o W os At 5 Fo &uie AlAstL doES B-glucans

ol & 10819 & H7betar 100Co A 6A17F
AT 5 Fo A=A B7E 3 v, o Fste] o
& 3] ethanols H7bste] thdRE IAAZG. Ad=S

1o
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3. dT+Aa7

7h AEolHA S 2 HE O YR &
AESolA el o] &ads s AXAIZ v ogd 2R bgdi
F=eith. 1 A WA 1 o] &2 100gol gk atd 3 o %
15g9] FEES U3l methanol® 1%} FE3Fe] AWelstES A7
FE3 oAM= 5go RS AU 10% NaOHE F=3
S} alkaline® 2 hemicellulose FEWel 93 FolA+= 2.1
ATt dFFY FES A8k H
A

1=
o 2&g A= S9tp

me do v rlr w

Fig. 8. AEoBAo2Ry +843 H¢8A 37 £

A S-SR, B W58 OYR

o Aol B A, WE Aol A, el MM O T E B-glucan F3
B-glucan®] th¥st Ael@yo] elPomA thad MO ZYEH B-glucan
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p-glucan =& Z(mg)

MZEold E= MSolHHA Holyd

Fig. 9. A|Fol¥A, & AFol¥H, Fo|Ao2RY B-glucan F&

2}, B—glucan F= T I ALY SA
oW Ado] wamAl 183 HoMAo2RE B-glucan F%
> 4 FES 3}5_’ ethanol® HAL 3= AV Aok 2 AAES

ek
o
&%
X,
lo
IN
2
iy,
_\3
S~

0.02mgS Agste] 32 f&o] TamAloa A
Aol A 3} =g o] HWEE} 200%%F 150%2] &4 o] =dH(Fig. 10) L
Ao Ao ddATA F7teF B—glucane] FEF2 57

AlREE, 2 FA B 7y o2 HAS o] &3 *até %ol ﬂﬁ%
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Al 3E F71&ME o187 WA e edF=E
1. M4

HAd = tgs Aged s Uedle 22450 d7HA9A2 drt. ZawA
9] erytatenin < Zd 2HE A 8+2-2(choi &, 2000), &2 (Song &, 2001),
2 BE g (Park 5, 2004) AE#HE AFL2E(Byrd 5, 2000) i<t Alx ZF

Zo] 91 (Guillen 5, 2000), HolHA, AAHA, SEoHAl 3=

o] A E FAFSE A4S zta vl AAH A2 ganoderic acids U, V, W, X, Y,

Z9} lucidenic acids A& SAEE AR A= Harr i, C309]

ganoderic acid¥, C279] lucidenic acid¥, C249 lucidonef = HFET. 1 Qo=

Fe HA RN e 2450 B Jov AjFoHA o] &l Hlst
H 24 A7 B8 AA ot

A io]‘ﬂ’“g A NI AEs A S ol i, 5
Al e] Hekstel dhEstE oA ’8*%91 FAY A 9 =
Kol

/\1 2 /H] ﬁ,g}uﬂ

45 7 5 5o J1eYs Yol ARe gAY FFTY I
s Slek Aol sl AE Aol sl 5o J9g,
eI Ae ATl A MATAL ek FE] AP Fe) slow

2 T AT Aol HA S %LWOPL )\}\—L—(Klm 5, 2004, Hwang 5 1998) T7lé‘
kel

Aol mlsl szrh Aol AL Skt o] Hojuhar D}OkoPﬂl ez &

!

T Ao Fart AL 5i Aok AFoIMA S FLFETA QA A Rtety e A
AEdEY et 7ol daidE Barh oA itk AFoHA FEES A
A FAE FEAA AGYe SRS 2 o, dFEFEES iEYy
M3 HT—-29 2 Caco—29ll Z%F/]O}Oﬂ caspase—32] GATT7IE M| EAFE 7] 2|
3 A o] &Akst

A& A= 5o AF9H(0h 5, 2006) 70% methanol 53
Ao2% HirojF ),

g4 752 AlE AF7F o] Fo Aok sl (Lee & 1998), L

T o3It} 2 AFoE AlFolHAle] SujFEES o]8sto] At

AgA S S

o3

1=

=
of
o,
1o,
b ﬂ
03
o
O::.'
_VE

AL, T BAES SRRl e FaEy

ojFH, AFoIH A MER 75dS L, At oR sjste] fFolmAl Al
== =

2. A7 2 WY

7h Aol w A3 golH Al o] Wax A4
Ao MA O RZRE wax AR S A7) 95te] ZAAZRE AdolmAe w o
EAAE Fawol AEE kel 60T dry ovenollA 16A1ZF & HAxE A



, Al YAV E o]l g5te] Eibst g1t S soxhlet #A| 2 chloroform¥}

methanolJ Z g R SAI7F FEL A waxFEES rotary evaporator ®A]

TE5S o] AlFoIHA waxFEES 9i, A2 B#AS StEA AEEAY A
2 g8t AEEAS AlFoHA Y oA FEES chloroformZ WA &

=t
= E4S chloroform&a| &= 3}, chloroform £3&<S AX&F4
27} o] Folxt}, 4T3 F=S chloroform §3lE=R &ta, o5 3|4

< chloroform—1 €3l&2 39 AHE AL chloroform &3 &S #|<]gk
wax>Z=ES methanol® A £AA DoAA EAS methanol L3EZ 39}
2 WA= H0Z &A1 A H.O0 &3l = sto] tha A38S AASST

Sample
| dry at 60 “c far 16h

Dried sample

Soxhlet extract with CHCI3-MeOH( 2 1(w/v), BO0mI) for Bh

I 1
Solvent Hesidue

Evaporation

Solubilization with CHCIS
| |

CHCI; sol, Residue
I
f ! Solubilizati ith hAeOH
CHCI, sol.1 CHCL 5012 , ‘ olubilization WII ]
kelH sol. Residue
Solukilization with HzO
H:0 =aol.

Fig. 11. AjSo|HA L Z2RE wax AEFS

L Aol waxA o] BEE Y gy A}
AFolm A waxFE=  EdEdE fste] 1A =4 column
chromatography & °]&st9 =d& Zgsirh AdsES o4 silica gel& °l
o

L3lgl o, o] s o2 A B4 hexaned} EtOAc H]ES 100:0014 1:17}A
Fo7b 106719 &S Ik Ao 28 EY EF HHS dolry] 93]
TLCE A stH o, A& 2= hexaned ether(10:1.5)E ]85t 1L, H3E& 9
2498 39l 254mst 365m= 15tk olE Ehe] duld] ) xate] of
A7 v S aFo® st 9719 1F W1~9=2 UFRlth 13} column
oA kst GdS Hole IFS ol&ste], 22k ¢4 column chromatography &
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3t} o] O]EMOEHQ] grjo] 24L& hexaned EtOAc H]&2 100:00]
A L7HA o7k 73709 8-S AT FofXl EEEol gk 4] sjE gl
> 12 AdelM et 43 Wow seqlom, TLC plated] DPPHE sprayst
AL Al S AT 14 column chromatography®] 97 I1&E2 &2 9]
tol FdAdds AT

19 8L Thrombin time(TT)Z 422 Thrombotimer 2® A& AH8-3}
™ Thrombin lunit(50nl/unit) %} #32 % 0.02mg/10ul DMSO, borate buffer 40n
cello H7Fste] 37Col A 583F 7F23F & Fibrinogen 200nlS 3 7}sbe] $a17
72 o] AzhE S8t TR AlEEEe] AFE-d DMSOE AR&-38}3
AR ET 2= Aspiring AHEste] A8 FEH S S TH E%tﬂ
o W FFd S 33] ol wkE A3 HAAE YEYLH, AR
7he-ol SRS & TR S AR

i

oo & T
ol

ot

. A Folw Al at ol Al 9] lignin AFSt=E w4

M EolHA el hemicelluloseE FE]8l7]| 984 = lignine AFSAIAAM AAE
gofgitt. lignine wFe AejEAde zte 2450 A 7] W"foﬂ lignin 4ts}E
e S AAEAT. AEomAe v o]&
dry ovenoll Al 16A17F A2 E AAIgH T, thA] H S
o}, B3-S soxhlet &= chloroform¥} methanol®] £&&wj=2 SA17F FE5E A A
o] waxFEES AASEL, +2S 60C dry ovenol Al 16A]7F %

Z % #4S delignifications acetic acid®} sodium chlorideE F7}stal €&
A As2 A7)z oatsle] ASES A9 tH(Fig. 12). AlEo]wAlat o)Al gL
U 2RSS GC/MSE o] gdte] BAS BAEd)
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Sample
| dry at 60 C for 16h
Dried sample

Soxhlet  extract with CHCI3-MeOH(2:1(vw/v), 800ml) for bh

Solvent Residue

Dry(60 T 16h): Dewaxed sample(3g)

|
Celignification

add H2C 150ml, acetic acid(2M 10ml), sodium chlorite(5g)
gently stire and heat at 75 T for 1h

add acetic acid(2M 5mil), sodium chiorite(2.59)
gently stire and heat at 75 © for 1h

Lignin oxidize for 2h

[ |
Residue filtrate

Fig. 12. A&olHA mo] &AL 25 ligninAtsHE &

gk 7718 ol &3 AMFoHH =2 FE
]

Aol v

homogenizer24 T A5 A7l Uh3 hexanes AFolHA 7 7 ¥
I A"GFEES 23] ESQlT FEES dAEgste] HAAEE JAA7] AL,
TNs 3lgste] FFsla hexane FEEE oFo] tha Adol o] &kt WA
Al AZE 3 $Fo ethylacetate %S hexane F=WIH LA AA5HH
ethylacetate F=&5S AAH
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- 25

HexaneZEZ(x 10¥Vol.,x 2)

HHZel
|
| |
A=W HHE=
:c.':?-'%_ _ EtOAc == (x10Vol., x2)
(Hexanex=&3) |

HilzEel

L

ik
" —
1
g

|

as0
=5

(EtOAC FE3)

Fig. 13. Hexane®} EthylacetateE ©] &3 Al$oliA EJZS

v}, Hexane 5% =2 column chromatography

Hexane =%

ru>i
mo

5g2 1xF <4 column chromatographyS ©] &3t &
gelgitt. dH =2 "’E’“ silica gel& o] &35} on, o]FAo @A o] &
hexane¥} EtOAc H] &< 100:09) A ethylacetate 100%7FA 95tA ol A=A =X

KN
oX

o
2 Hr o Ao

of7kH 103719 +8&S At Folxl o EHAES Loty s
TLCE AAlstl o, A7l& 2= hexaned} ethylacetate(10:1)& ©o]-&3F3lth =

Skl by 2] M5 (254m) 2 g 24e] A5 (365m) o=
gIstglar, gld =49 sfede] 7]xsto] oAt Hxkg 2dE AFo=
sto]  77he] OFow  uUdu. 1§ 5We EEE2 2%

chromatography$} prep. TLCE E38}o] &=F®& = o}
sl¥ 542> DPPHE o]&3ste] Ao wsle wel gls 0}

vt HexaneFZ &9 A4 54

Hexane FE%2] 13} columnolA] foijxl B ES o]&slo] dIATAS
AstHtt. dd A4S Thrombin time(TT)S7% 22 Thrombotimer 2® A&
435} o™, Thrombin lunit(50ul/unit)®} #& = 0.02mg/10ul DMSO, borate
buffer 40ulE celldll H7}sto] 37 Coll A 5313t 723k 2, Fibrinogen 200ul-S 37}

Hm

=

O
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ste] gast A wWAHel Ake EASdth EFRE Amgdd e
DMSOE AH8393, N8 WETEE Aspiring AHEdte] Az F84 FYL
=4k, 280 Aslol e FPABYL 33 oY MBI Ao YA
deRglen, AR HAF SwAe gl BETe SIALCE e @l

100 #3ste] %= YER ST

Sample(DMSO soluble) 10u# + borate buffer 40u8
Thrombin lunit/50u2

37°C Smin : pre-incubation

Fibrinogen(0.33%) 20042
(before 37°C pre-incubation 14r)

Fibrin clot Time

Fig. 14. Hexane FEE&& o] &3 JIALHN 4

Ab. Chloroform#} methanol & ©] &3 AFolHA =4 F&
AEolHAl wolgads  TFol #HEHe s
homogenizerZ24 #2335 A7l th¥ chloroforms A&l HA F52] 10
i, AEGFES 23] eIt FEES sty WARALE I A7 A,

E%5ES chloroform FEE2 319 &

=
o}%t} HWXWL A%E 3 3o methanol %< chloroform %
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TESIITE
az—ggﬂ
|

CHCI3 £&({x10Vol..x 2)

HAzel
|

| |
M= 1A

S5 MeOH ZZ(x 10 Vol., x 2)
(CHCI3 F&=) |

HHZel
|
|
EHHE A S

Fig. 15. Chloroform¥ methanolg ©]&3 Aj$EolviXN EAFS

o}. Chloroform Z=ZEZ R E itslEd £5451)
Chloroform F%% 5ge 3% 9% column chromatographyE ©]&3sto] =2

A

S B3y, AHENELS 94 silica gelS o] 83l on, o]F oz o &
Z/4L H,09 acetonitrile <FH| &S 1:100°14 acetonitrile 100%7}4] 18]
acetonitrile¥} ethylacetate =8| ES 100:1014] 1:17bA] 9dAle] Ax SFAS W+
wA 11070 9] HQ%% At dojx ®FES] B4 S olry] 95
TLCE AAstglon, A& ]2 acetonitrile?} ethylacetate(5:1)E& ]88t}
< @b 2] 5 (254m) 3 g 2He] 45 (365m) &

-, = = 1__'—11_1
2 golstga, &9d A el 7xste] olFAs HE BHS aFo

507 YA 25 1He B3 ES prep. TLCE T35l &5
w2l E oklTh 7t dAE EHe dAbstE 54 DPPHE o] &3ste] Ao w sl

Y
=
@D

=
3
o
e
il
fr
Jr
n)
i
i)

_‘_'1??
Methanol F=% 5g< 1% <4 column chromatographyS o83l E2 S
[e)

gttt AYPFTAEL o4 silica gels o] &3l om, o] sifozA e Sz
< hexane, EtOAc, MeOH, H:05 742t 5 &wl& &3ty 1197l 44 =74
S =97 102709 FEES 4T ol FEE =4 HHs dolry] 9
‘6}04 TLCE AAsl¥ o, A7&vj2+= hexaned} ethyacetate(3:2)E o]-83}i ).

lO oX, H]I
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T BAE EFAARRLE DAY AAUS 50w A AN G 365m) 2

Selo] 7)zste] olBAL L MEH BAS 1F
Fom wralth paRe GAHAZAE DPPHE o] §3tol 4
[} e)

3
MEolH A m) o] §F-ES 3rste] dE Aol mMAER HaE AR F

=

[e)
AAZXE s}, hloroformJJr methanol2 =4S FE39] GC/MSZEA] v A& A g
= (o]

3. AT+A3

7F Aol M oAl o] Wax A4
A FolHA e w o] AYPFFEo2HE YIFFE A7) H35te], chloroform :

methanol(2:1, V:V) &£3&m= FE5& std HAF waxs AAT & AUt =3
S FEES FFHT v, 4 SWEA SIS 41, 4 EEE-1S FEES
7h gujEA &5 A B AT seoR o] HoXEY s
S 7t &E-12 . 7t g3lEe] B2ES A5 TLCHAME AAe 2y
originf-8 Rf 0.97}4] Fel BAES Fold 4= 9ttt £3] chloroform &3]&
NA B 5450l glEolxaL, short wave®t long waveo] tt¥s 5450 1
Efuttt. 18]a1 C&= DPPHE o] &3t dibslad S Abst Ao 2 AjFolmAl 7}
BolMA ] chloroform FEENA ikstdgdo] wo] yEelgton], oW
chloroform FZ&Edd A= ditstgdo]l A, thdstAl vehd ditst 248 o)

g 715 A=A NETFE Aol
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OO Be®OEO @@@@ PeOEe 0OCROEEOB®

Fig. 16. A&o1¥ X7 Bo|WA §ujFZE9 TLC HA

A: Short wave, B: long wave, C: 32F384; Sample 1: 5ol A
CHCl; soluble, 2: A&o]WA FZE2] MeOH soluble, 3: So]WAl FZFE2] CHCl;
soluble, 4: Fo|HAl FZFE2] CHCl3—1 soluble, 5: Ho|HA FZFE2] MeOH soluble,
6: HolHA FZE°] MeOH-1 soluble, 7: A&olHA F5E9] H,0 soluble, 8: A&
olMAl &5 H,0—1 soluble, 9: o]WAl F=E52] H,0 soluble.

U

]‘HH«] SujFEEo FARES ZASH] ¢85k
o}al GC/MSEA & AAdth. 22 REke 54
, Rf 0.379] benzoic acide= AMEo|v] Ao Awt 1}

oL

Ol

_Qﬂoé
By

E}Mﬁ‘r.
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Sample Compound

No. | M A ERLE oW A
1 0.87 Octamethyl cyclotetra siloxane Gentisic acid Tritms
2 0.8 Dehydroiridodial Methyl oleate
3 0.72 Tetramethyl phosphinic amide Cyclohexyl butyl phthalate
4 0.59 Isocineole Cineole
5 0.48 Palmitic acid Linoleic acid
6 0.37 Benzoic acid -
7 0.3 Oleic acid Terpineol
8 0.0 Linoleic acid, Glycerol Glycerol

Fig. 17. AjFo| A7 Fo|H A SujFEE9 A&l

A: TLCAZ} & UV short wave®} Long waveol| A &¢1s 24 pattern, B: TLCY

A Bd =4de GC/MS 423

U Al EolHAl waxFEEo E4Ey

1) 1%} column chromatography

A EolM A chloroform % %2 hexane, ethylacetate, methanol &3§-8nj
2 o]&3lo] 1%} silicagel columnolAl 10670¢] fractionS AUt &2 &=
pattern(Fig. 18)& TLC & Fo UV 254nm<} 365nmeol A 2Hels 3 Az &4
w7t GEEtAl ol Folxem, 54 Aol Hgk Aow 9o IFoE U
o] 3|E k. TLC plated] DPPHE ol &3+ a4tst&A] S 2A1gE A3 Fig. 189
AARZL RE 0.9} 0.85(F2 EFIEAI ) 2ol Al ibstaid o] vebgt o, BAR
o] HZ Bo® ZA% REoARE akstEdo]l vErRTh AfEo] WAlel {7
&

mf FEECA FrsEds 48 F ded A
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Fig. 18. Aj<$o]¥A chloroform F&&9 1% column chromatography.

A: Column 3 E9 TLCHZ/l ¥ UV short waveolA¢] &2 pattern, B:
TLCHA7} ¥ Long waveoll A 2213t &2 pattern.

2) 22} column chromatography
12} columnollA] 353 2 18, 32ks &Ado] vEhteE RS hexane,
ethylacetate &8 mjZS o] &3 23} columnS AA|Ete] 7370¢] fractionS AUt}
=29 8% patterne TLC Z70 %o UV254nm®} 365nmolA &<l st 734%
Fig. 199 A, Bl UegwWon, Cx DPPHE o] &3 ailsad s xAsk o=
AN S A—E ol dabsta s vl Faolth R 072 Rf 0.37¢14 7}%} &
Foaiksl &S YERdTh

L.

i‘l

JE
o
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Fig. 19. A48 A chloroform F&%¢ 22} column chromatography
A: Column £3E9 TLCH/ & UV short waveoll A 3<ldt &4 pattern, B:
TLCH 7l % Long waveoll A €<21% &2 pattern, C: DPPHE ©] &3t g4ts}<t
A gkl

3) AMFIHA WaxFEw9o L4

12PA% cellulose®} hemicellulose FE3A oA A E waxT 2 =
317] $18}o] column chromatography 2 A]3FATE column $-of ¥ojzx &
MNE TLCAN Foll Z49 Ado] fAkgh As 9/ 2FSE o] 38
gkt 2 A% Rf 0.5(W=6)2] EA7 start line(W—8, W—9)2] =20
S YeEHaL(Fig. 20), Al 159 &2 short wave®} long waveo] &

P

o

1_%}_
= 10
] &-A]

>~
=

(o))

v

Lo o

N

o
1

s
o
=

:

i
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Bl B0t W-5, W—8, W-9¢] &4 0.02mg A |9 % aspirin 0.5mg=
AHelst A GHETE ¥ e A YElgen® dE e o] ol =2 AoE UE
W} (Fig. 20)

Thrombin Time(sec)
- = e L] L L
on L= o =] o =]

-
L=

n

&o

@9@’,@ ARG N RO\

SR

Fig. 20. A$ol¥A waxmdS 13z} column chromatography 3¢ 3|43 £3
E9 3FAEA.
Aspirin—1: 0.2mg #*]¥¢], Aspirin—2: 0.5mg A2, W—-1, 2, 3, 4, 5, 6, 7, 8,
9: 0.02mg *d¥
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o AjSol ATt oA lignin AFSHE &4

A FolMA L oA S Hemicellulose FE3A40l ligning 4tslsto] #| A3t
= Igo] Ak ofwf 4FstE o)X lignin - ethylacetate® F=3} GC/MSE
A4S 435 AjFo] FA 2 3= Table 19 Jgo]wu B A= Table 20 1}
E}RiTE A o] <] hgnm *PﬂEA iluHTg%oﬂH{_ % o|alo] BAo] HolE o]
Q1 Hojxn. o] A&

3}
Mol A X}QX']E] 7)1"’” ?:L%Qoiﬁ?l% 1gnm7ﬂ o stgtEelM 71dE Ao

Table 1. AjFo|HA lignin £ E GC/MSEH

Retention time i
prd
(min) E 2 d (%)
4.243 Benzene, 1, 3—dimethyl 0.39
8.142 9—0ctadecenoic acid 65.07
9.755 Propanoic acid, 2—methyl 1.23
10.495 Pentadecanoic acid 1.24
10.958 Hexadecanoic acid 6.30
11.743 Propanoic acid 3.05
12.912 Hexanoic acid 8.47
14.018 Heptanoic acid 0.71
15.071 Octanoic acid 1.78
16.079 Nonanoic acid 2.72
16.294 Pentanedinitrile 1.04
18.657 Benzene acid 3.13
20.041 Benzeneacetic acid 4.88
Table 2. o8 lignin £&E GC/MSEH

Retention - - . o =
time (min) = = ° (%)
4.243 Acetic acid 49.92
8.142 methyl dihydromalvalate 38.22
9.755 Benzeneacetic acid 3.51
10.495 Hexadecanoic acid 8.36
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ZAFsE7]1 918k Hexaned EtOAcE ©]-&-3)
Alatieh. WA Hexaned o]&¢ W 553 thg ofdmx &vio}

> o
ol
Qo
4t
o
M
~
o
=2
oo
>
)
@
=
=
)
I
)
@
=4
)

[\

23S 3 F HexaneF=%-1, 2,
Ao Alm= ARSI (Fig. 21) ZH7H9
FEES TLCE At 229 e &Ad A3 Fig. 21 yelon,
hexane F=E9 1, 204 EZ9 pattern #ol= & F o}, long
wave(365nm)ol A =3 patterng &<ldk 23} Rf 0.61, 0.38, 0.1 L8] 3l start line
oA Zrelgk whgo] HojX &= spots &1 AATE Ethylacetate FE=ENAE
Uvell oJgt &4 patternel A= & zkol7b ATt dAksted s A8 918k
DPPHE ©]&3to] ZANSILE 1 A3 hexaneFEE 13} 2014 FU3 RiclA &
AstEAd e Faed 4= Ak Rf 0.9, 0.77, 0.2~0.58, 0~0.27b4] 391 8HA it
steal o] Yelgth 3] Rf 0.2014 0.587H4 & A= 3HA YEFS 2™, short wave
¢} long waveold =d%= FSlo] HolPow bst=do ATt 7hsds
Uelg a2 ¢)t}. Ethylacetate FZFEo| A% Rf 0.287 start lineol] 3Atst&Ao] 1
E}UA|9F hexane FE ol I A v XA E3taz, 3W line9 Rf 0.28% 22 hexane

FEEo olE= A,

o

Fig. 21. M$°]¥ A Hexane>ZEE 3} EthylacetateFZE2] 343l aw
A: Short waveoll4 &2¥ FEE2 &2, B: Long waveols &0d F
o] 54, C: DPPHE o] &3 F&E9 d4t3td A, @ HexaneF=E-1,

=
@): HexaneF=w=—2, @: EthylacetateF=%=—1, @: EthylacetateF==—-2

_78_



bl AjEolMA hexane FE=NA FEHEL =F2d
1) 12} column chromatography
Hexane FZ&EA 23 kst d4do] YepdozA EdEgE 9g &
2 column chromatographyS A A3+ T 12} columne normal phase =A]
€1]+= hexane?} ethylacetate FET7Hl= HAAgom npx]ute] methanolZ &
AT F 103709 28-S ddon, TLCAA &4 Rfek UV el
Wt 1ue 7R Wrel 3E skl Fig. 229 Coll ST ti= groups
sbal glow, A groupell Al AAFstEdS &l & 4 UATh Rf 0.389] A
short waveoll A SolatAl FEM FFES HAaL, long wavedll = ofF 3k 9
Fe YERTh 39 group 29 Rf 0590 % 43k 3 Hetdllth 315 19

Rf 0.3 &2 UVelA &lo] A FdAIRE rtstdd S & 5 AU

B oox N oo X
> 2 g ue |o

1%} column® EZE2 pattern
3] 5-9] &3 pattern, B: Long waveol A =Fel
H B3 &9 &4 pattern, C: DPPHE o] &3+ 3+Ak3}3HA4]

Fig. 22. Al$o]¥H A HexaneFEE 9
A: Short waveol A gle F
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& 1#F column ¥-¢] ¥ A

Hexane o] rtstdAdo] Hoju AT R AEEAE
9)3}e] column chromatographysS AAIsFR oW, dojZ fractionO =

S AT dE 84S Thrombin Times A3l XA etg o, tix
T2 aspiring AFESFE T 1 A= Fig. 239 YERWH oY aspirin—12 0.2mg
AT+l i, aspirin—2+ 0.5mg A #E Ak AESoIHA FEFES] column +8 &S
Z+7} 0.02mg A 2l8te] Thrombin timeS SA3FH Tl 2 A3} Aspirin 0.2mg * 8]
= FAE controld AEE3 L£wlz A}E3 DMSORT} <7+ =7
fibrino] A =o)L, 0. 5mg% 28] 3 o A= controlXth 3u] =A fibrino] &
Aol A . Column 34% H1-13 —2% DMSO9 #Hol7} §ilar, 348 H1-3,
—4, =5, —701]7\1*‘: ol e FHA LS ekttt £F0.389) Ae FFES e
W= 532 345 H1-5HLS control Bt} 2F 3.781¢] &A S HF I, aspirin®.t}F 25
o] AL a]E(O 02mg)=s A PAT S o =4 e H}E’“tﬂoﬂ’ﬂc 5
Aot ANE S F Ao, F4E Hl-4™o A& control®t) 2.6u), 3|4
H1-7Hel A= 2.780¢] & A4S 1T = Atk A =49 =59 %

A5HE s vt 2

2) Hexane F3
F=

o~

mlo
r4>
iy

ng Mo
= W

ol
>H

Thrombin Time(sec)

S « T O SRS G SR S R - SR

Fig. 23. & °|¥ A HexaneFEE2 1% column £ E9 13184
Control: H,O A&, DMSO: Algg&3] &v] A2, Aspirin—1: 0.2mg *d9,
Aspirin—2 0.5mg # 2], H—1: Hexane F+=% 1i} column® 3% 1 0.02mg #
2], H-2: Hexane =% 13} columnd 3]4% 29 0.02mg A&, H-3, H—4,
H-5, H-6, H-7< Z}Z} column 3]4% 0.02mg * g
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3) 22} column chromatography
Hexane %% 1%} column chromatographyollA &8 d&Alo] Hojutk H1I-5Z
AF8-3Fo] 2%} column chromatography S AA8FF 0w Aol fractiono. & &3 4%
Hg ZA ST} 3 d d 84S Thrombin TimeS A 3te] ZAFSISG oW 242
= aspiring AF8-3E9ith 1 A3} Fig. 24 Oﬂ el o aspirin—1< 0.2mg # &,
aspirin—2% 0.5mg A& YL, MEo)MAl F=EFE9 23 column EFEEL 0.02mg
A At Atk 1 A3} aspirin 0. 2mg A g A= FA4 2 2] control@
AEEs &= ARE3 DMSORT 152% fibrin &4 ©] Xisﬂlﬂﬂ/}h 0.5mg< g
Sk Lol A= fibrino] @A E A2 Ut} Column 3 G&E AA|AA =73 H]L
A Do) =A el o, 8 3|48 H2—-13 H2-2% 225%9F 285% % tha
22 thrombin A3l S B oY, H2-3, —6, =794+ 22} 520%, 552%, 532%2]
thrombin A &84S JelWaL, 0.2 3 FFEH] F &< H2—49 H2-5 &
gEZo A= 0.02mg A 2]l fibrino] P HAA A &= ofbF AHE FIHSH S o
EbWict. wrebA 2%} column chromatography 3] 18 H2—-49 H2—55 t}S o3
4o TLCE AAISHTH

lllllll! 1

SLERANE.

Fig. 24. A&°H A HexaneFEE9 2% column® EZ&E pattern
A: Short wave, B: Long wave
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Table 3. M40l HexaneFEE9 24} column EEE2 JIAEA

Treatments Treat amount(ug) Inhibition(%)

H20 - 100
DMSO - 100
Aspirin 500 n.c
200 152

Hz2-1 20 225
H2-2 20 285
H2-3 20 520
H2—-4 20 n.c
H2-5 20 n.c
H2-6 20 552
H2-7 20 532

n.c: not coagulation

4) H2—4, 5 §FHEd 49 TLC &g

22} column chromatographyoll 4] & A &do] Hojt H2—4, 55 AF-&3},
TLC A7 ¥, 871 band® 2] 3]Fste] &EAZ T =79 A5+ 14 column
3| rET 22 FS Aty FEAEAI S AT 1 AT Aspirin 0.2mg *
3 Lol = A2 9] controld Al 283 &u] = AFEE DMSOX. T} 162% fibrin &
dol AafjE o x e, TLC band 3]F= AAA =73 vlugdS o &/do] =4
UElsth #8348 H3-19 2% 266%%} 275% % ThA W2 thrombin A3 &3S
WAL, 6, 7, 89l -= 22 417%, 603%, 610%9] thrombin A 8] &4 S Ve o1,
H3-3(Rf0.45), —4(Rf0.51), =5(R0.59)2] 3}3=-2 0.02mg EE A thrombin &4~
A S A3 A o2 fibrinogenol A fibrineZ 2] Wh-g-o] Adojupx] gkok

U AlFolw Al ey B FEASES e 22 3FRE A
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H3-1

H3-2
H3-8
H3-4
H 3-5
H3-8

Ha-7
H3-2

Fig. 25. %ol A HexaneF=E H2—4, H2-52] TLC &g

Table 4. A$o)8] A HexaneFEE TLC band 3FES IFIAGA

Treatments Treat amount(ug) Inhibition(%)

H,O 100
DMSO 100
Aspirin 400 n.c
200 162

H3-1 20 266
H3-2 20 275
H3-3 20 n.c
H3-4 20 n.c
H3-5 20 n.c
H3-6 20 417
H3-7 20 603
H3-8 20 610

n.c: not coagulation

5) g AL E4 H3-39 &
M Eol Al Hexane F&%2 1% column 3]9% 5% normal phase® 22}
columns AAIS o5, 3x=2 TLCE AAlste] R 0.394 YElv= E4S &3
Al 2 tH(Fig. 26). =29 29 5SS dolr7] fste] dA| 717]E4 %

bioassay & AA|saL A
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Fig. 26. Al&o)¥A UV long wave FFER Y &5

6) dIHNEYE4 H3-3 &4
hexaneFE% AP ED T H3-3& TFiE 359
Az}, 25 1309 2—ethylhexanol® &2lo] o] Ht}.

a4

R FRATEEEY FOREY

Fig. 27. M4 o]¥ A hexane F&E& H3-39 GC/MSEA
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v}, ChloroformF=&A dAtstEd TFid

12 A %o chloroformO. = WA AjEFo|HA S FE3kaL, HAFE methanol® F
Zoto] ARES Ao 1A, 23 SAEHE AASk] EEletal, 3ae JAER S
/\1;\] O]_oﬂl;]_ oﬂ}\wgaoﬂ A}_Qs} -&uﬂ‘* H,O : CHsCN : EtOAc J_%l- = :L}HO ok
Fo17b 110719 E9 =S dAUth =22 pattern Fig. 289 o TLC
Rf A7} fAkeE &4 7 long waveol B3-S Uehil= XS 7|Fo=2 4719 1%
o® dE dalew, DPPHE ol&ste] dibsh 2= ARSI o1 As
Fig. 28 Aol Urhieh, 8405 1wel BHBAS TLCE WEalo] wia &
gatolon, ksl & AR 3S Fig. 299 YERATE RF0.550] T Fo=
A Eaks @S 1 ARt 2EE B ks Aggd A9 7z

Al ol&staL

mlo

PRRRR RPN IR R (| ]

Fig. 28. AM$olWA CHCl; F+¥E9 3% column chromatography
A: UV short waveoll 4] &<l%¥ &2 pattern, B: Long waveol A A= &
A pattern
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Fig. 29. Aj<¥0°] CHCLFEEZYE A3 EA ] 27

A: 32} column #& &0 Wgr sitksistd, B 4885k il
e e

ot
i
i)
A

Al Methanol F&E2 458 E2E Y
Mool AP dEAS FASH] S
ZEALel methanolS ©]8-3fo] Aj$o|H igl FEES Ho methanol?ﬁ%%

et

o}
shal b Agd o] &3kglth. tE &9 *ir%%oﬂ’ﬂ okt Aelgdd s e
5% E4EYE Y3 B4 2% column chromatography=

gAYt 12k columne normal phase 24 &=8& HL hexane®} ethylacetate
T-Hl, ethylacetate®} methanol H=7Hl= AAlg o wpxwto] H,02 &&5S
1A18k3 T & 102709 #9895 dRom, TLCAA &4 Rfgt UV g<l Ok’\“’ﬂ
el 155 872 o] 3| E s3It Fig. 309 Coll A2A =& groups 3%
Alstar o, group 6, 7, 894 & 45}5“3% gl & & UM start lined]
group 8|4l Z+gt st ad S geld = AT

o

=

al

© 72X methanol FEEE
1 4]

=

W off X nE

_86_



Fig. 30. Al4°] MeOH %% 1X} column chromatography
A: UV short waveoll A 3Helel 24 pattern, B: Long waveol A &eld

24 pattern, C: DPPHE o] &3} datslalr

R
=2
e
2
=
il
o
O
o
(7
rlo
T
o
w
—
K-
kv
o
X

=} column®l 4] 3|53t group 8
53] 34 group 8ol= At =
ZIE ARG, AE 78 I EA
84 FEEo|A Zhzt 4 el
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TH

of. AjEolH At A E ol

e Al ggRsl ol A A7)

S

3

SFarz}

B Awe A

1=
[e]

ate] 7]

ol Algkel ol= Al

=
ojtt. wEhA AfE oAt v

}‘\l_

3

|=]
};17':

o FAAA M

-k
Gl

al

K
N

BAXY  1zxpd oA GC/MSE AR xpo]lE %A}

i

s

ol

o
o

A FolMAl CHCl; F==E14 Rf 0.67

%
hof 9%

Fig. 32. M&FolA T 2F AFo|HA uj3:EE9 TLCAJ pattern

A: Short waveol A &<

@:

Aol A CHCls
=

C: DPPHE o]-&3t
=

’

9] =% pattern
Al
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S BA35F T Table 59 v AEL G S H] Wby
g Eof H|E] YFAEoA B B3

-
FolEa Holib A% A @ 5 Urk o WA

Table 5. oA AFo] TABNY FEEH

Retention = | kS St (%) WAL
Time H W & a7 H) v g9 §
4.970min| 2 — Heptenal[E] 1.4 — Dioxane 15.27 | 4.51
5 085min . propanoic acid, methyl . 206
ester
5.216min Hexanoic acid . 15.57 .
5.879min . 3—amino—1—propanol . 0.56
6.428min . Methyl—d3 2—Butenyl . 59 85
Ether
Methyl — d3 1 —
6.611min . Methyl — 2 — propenyl o 10.31
Ether
6.782min . Ethanamine. N — ethyl — . 157
N — hydroxy
7.651min ° 2 — Nonenal, (E) ° 1.17
7.725min ° octanoic acid [ 0.86
7.737min octanoic acid ° 13.81 °
8.622min ° Benzeneacetic acid ] 9.75
8.760min| 2 — Decenal,(Z) ° 13.89 °
8.765min ° 2 — cyclohexen — 1 — 01 ° 4.66
9.097min | > 4_D6C;()he“al’ (E, . 12.95 .
. 4H—pyran—4—one.
9.297min . tetrahdro o 3.03
9.326min Decadienal ° 12.74 °
. | Fulan. tetrahydro—2,
9.526min 4—dimethyl—cis ° 15.77 ]
9.760min ° 2 — docecen — 1 — al o 1.93
9.834min . 2—pentene, 2—methoxy o 1.24
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Table 5. AlFo|HA G AjFo] HFAES HJHEEL
Retention % ;é] 1:8] ?;5:1_%%]:(%)
vl 3L
Time H W g woog H) ¥ g |9 g
10.040min| Viethvl 6 — methyl . 0.62 .
heptanoate
10.760min| inopyrimidin = 1 = . 2.34 .
oxide
. Acetamide,
11.131min ° N—(2—phenylthyl) ° 0.83
11.629min 10—Undcenoic acid, . 111 .
methyl ester
12.103min| cycloheptane, methyl . 1.47 .
12.360min ° (E) — Farnesene ° 0.65
12.395min ° delta, — Fenchane [ 0.75
12.686min ° Tetradecanoic acid o 3.77
12.955min| Tetradecanoic acid Tetradecanoic acid 3.62 1.99
Thiosulfuric acod
13.406min o (H2S203), o 2.25
S—(2—aminoethyl)ester
13.424min|  Dibwbro iso = . 1.52 .
jasmone
. Tetradecanoic acid,
13.469min ° 12—methyl—, (S) ° 11.58
13.566min ° trans — 2 — tridecenal ° 1.42
13.663min ° pentadecanoic acid ° 8.51
13.669min| pentadecanoic acid ° 16.28 °
14.098min ° hexadecanoic acid . 8.36
14.109min hexadecanoic acid, . 10.19 .
methyl ester
14.235min| . Chloromethyl 2 — Tetradecanol 3.90 | 3.39
6 —chlorododecanoate
) (R)—(—)—(Z)—14—Methyl—8
14.286min o _hexadecen—1—01 ° 2.16
14.361min| hexadecanoic acid . 53.30 °
14.349min ° hexadecanoic acid ° 43.94
5 15. _rb ' 1.2 —
14.435min enz.ene 1CarboxyLe Benzenedicarboxylic acid,| 4.55 7.89
acid, butyl 2 = dabutyl ester
ethylhexyl ester Y
. phosphonic acid.
14.841min ° . ° 2.49
dioctadecyl ester
14.972min| trans —2 — hexenal ° 1.17 °
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Table 5. MEo|HA T AjFo] LENES AEEA
Retention = 2 s (%)
) v 3L
Time wow & - IR R
Amino—2,
14.984min o 2—dimethylcyclopropanec ] 2.21
arbonitrile
15.098min . IH—mdene.. octahydro—, . 192
cis—
15.332min ° 3,4—octadiene, 7—methyl— ° 2.00
9, 12—octadecanoic
15.333min| acid, methyl ester, . 21.54 .
(E.E)—
15.367min| 0 Octadecenoic (Z2)=lg 1, | decadienal, (2)| 12.43 | 1.85
methyl ester
15.555min octadecanoic acid, . 0.75 .
methyl ester
15.675min ° Linoleic acid ° 92.72
15.693min Linoleic acid . 63.10 °
15.893min 3 — octadecyne ° 2.14 °
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A 48 AR A 3

1. A

H v g5 7R AT A A Ee] %*4 F2 vy HEA
g A} zsixuske]l AFHE Qs sWAstSS v Es Add A3 1 &g
A, oF A o3t AlgEo] STt A HAgh Aufe] gt Xk A F
of t)st Aol Z7}slar A tH(Nieman 5, 1992, Kritchevsky %, 1991, Sabate<}

Hook, 1996, Grundy, 1994).
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1= g
thar 2+ A ¢kt Cheung(Cheung, 1996)2
—glucans 1% 7Fsk 2] =
TE ZaAAY. agla Aol fiberE Wo] AFH A W]
SIS

=
= [}
MAFE ST BENE FHE MoE wWuRnE FASHES 7
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b
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44 T dzEEAE AstAittal &3l

uebA A= Aol fiber FRFol FHSHAL, oY 7HA] AT
o]-gsto] AtANA Fojgdomn ArkEl D] & ol A
EopAAEe] vl HEo] FYaHE IS
iele] 75l ste gEALbe] ThsehA] 4
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2. A7 2 WY

Pk G R R E Ayt 25

beOH F==(10mE, x 2
|
CHCIEEZ(10mE, = 2)
|
Buchner funnel HDt =2
|

A —

|
ot =l EHEH=
|
0.88% aguecus KCI S8 18mE & It
|
Shaking
|
[ |
EEH= &=t
|
H2O M (3
|
T2MH(Nazs04)
|
==

Fig. 33. ¥ o2 HE it =5

. GC/MS 4]

AfEolm Aol AT AEoHA Fo] Hol ARG Aol AES XAMS
7] 918 GC-MS #2412 Agilent 6890 GColl <1A% Agilent 5973 MSE A}-8-3}%1
3l carrier gasy He gasE Iml/min® £E=% S8BT}l Ilonization voltage:
70eVelQaL, splitless mode® #4351t AF8¥ GCE= HP 6890 gas
chromatography©] 132 HP—5MS(30mx0.25mx0.25/m) column % flame ionization
detector® o] €39 th GCY Lxxzaale 70T A 187 §AAZ & B 2
0C=E 53+ 200CoAA 1023 FAAZ & FE5CE 534 280 ColA 5
7 FAAZIY. GCY AT+ 2 HE=7V9 2EF 260CE 81 Al carrier gaste
MSe} sdst HEz SHEWT GC ZAdoA " 542 GCoA ke
MSD(Mass Selective Detector)ell 9|3 A&EH 3 o] A4 TIC(total ion
chromatogram)®} 2} 3] 32| mass spectrum= &213}7] ¢|sle] Wiley275 library ]

mass spectrum data searching= %3 =43}

{_.
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Table 6. GC/MS E4=#A

GC Agilent 6890

Column HP-5MSE(30m > 0.25mn % 0.25m)

Oven temperrature 70T (1miny 13C/MiN _ o0n © (10min)
MPEEED“C (5min)

Injection temperature 260T

MED Apgilent 53973

Interface temperrature 260T

Ionization voltage T0eV

Carrier gas He (flow rate * 1=l/min)

3. 474%

VAR < < LR i B ]
A FolmAle] nl o] gAYE Azt FHstet o Almed A=A A
7hate] GARS Ol wolE Salth T-12 AjFolHA Eads ,
= 3%, T—32 4.5%9 MEoIMAl 1] o] &2t FEE H7beto] AlR=® 3 ofstSl
t}. controld} HF7HAIEE Fo
—ir% W Rf 0.6~ 0977}/‘44 S A e =
o] b

Fig. 34. 327% dFo=2HRg EZAFE Ao HAEES AEoIHA
£1]3EE2] TLC A7 pattern

A: Long waveollA 3elel W3 CHCl =59 &4 pattern, B: Long

waveol A &dE F3 MeOH F=E9 &% pattern, O Control 3,

@: Control &9, @: T—1 @3, @: T—-1 W ®: T-2 ¢}, ®: T-2
W@ T-3 33, ®: T-3 &



GC/MS
< il 15 Zdste] w3
T-1& A}goﬂ MNEolwAle] Burs 15%, T—2% 3%, T—38 4.5% Z3gtsto] Fo
5‘ s Oﬂq. UCH /\é%
of Apel& Egigw, Table 79l o] w2 jxEde FFUstE et A
Yo E AFolmAl S FolaA &2 controlB T thitie] HEEo] =7 e
wom E3] Benzenedicarboxylic acid® 4.5% AFEE Fo3F dolA= 4 110%
o] Z7He Ht

o
=
i=

Table 7. MFoI¥AS Fost Pid A G ite] F2EZ W3}

CEEe gl
control T-1 T-2 T-3
2—methyl—propanoic acid 1.0 15.4 32.0 16.2
3—ethyl—3—methylheptane 1.0 2.1 3.4 1.8
Hexadecanoic acid 1.0 1.9 22.5 3.7
1,2—Ben%?gséi;faé‘ts)$§yllc acid. 1.0 1.0 3.4 11.0
1,2—Benzenedicarboxylic acid 1.0 34.0 57.6 110.0

«. T=1: Mgl A 1.5 % 7} B: Mol A 3.0 % 7k C: AjEolMA 4.5 %

AMEolmAlel s Atmel Fe 2l A Ao ¢&E CHChLzE

s E

Zote] 1 S vluekglt. w2 A AolE HGlou, Table 8ol ol
A

=2 U EdY dFHEstE etk Aol AlFolHAl S goshA] Z
control .t} tjF-i-o] MHE5o] Wala} o] =4 YENtow 53] Stearic acide
4.5% AmE wodh HelM= 94%°] S7HE BT
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Table 8. MEoHAS Fo3ty AAE ATe 33 CHCLFEEY FLERA

¥ s}
. A g
33EY
control T-1 T-2 T-3
Hexadecanoic acid 1.0 1.91 2.38 2.48
1,2—Benzenedicarboxylic acid 1.0 36.67 34.04 39.95
Octadecanoic acid - 1.0 1.49 1.87
Dodecanemide,
1.0 32.06 40.26 47.50
N—(2—hydroxyethyl)
Stearic acid 1.0 60.36 87.65 94.18

«. T=1: Mgl A 1.5 % 7} B: Mol A 3.0 % 7k C: AjEolMA 4.5 %

AMEolmAel Bus AR H7IHS < Fosie] AAe Ao dms
MeOHZ FE3le] I AES Wit B2 A xolE B o, Table 99
© W methanol FE=9] i EZ FFHSE e Ay oA e AlEolH
Ae T84 %2 controlEr} -9 R Eo] WA YEon, T-13 T-29|
1 i A yebstar, T-3 Aol s d5-Adite] =4 vergt.

>

Table 9. AMEo)HAE Fo3le ANE AFe] 4 MeOH FFEQ F8E

2 W3t

e iy
control T-1 T-2 T-3
Hexadecanoic acid 1.0 0.66 0.53 0.95
Cholestroacetate 1.0 37.65 0.43 0.34
Hexadecanoic acid 1.0 0.74 0.60 0.53
Cholest—5—en—3—0l(3.beta.) 1.0 1.92 0.70 3.77
9—Octadecanoic acid(Z) 1.0 0.55 0.62 1.44
Octadecanoic acid 1.0 0.45 0.72 3.43

#. T=1: AFolH A 1.5 % 7k B: oA 3.0 % 7k C: AEoIHA 45 %
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AFolmAle]l FEs Alse S G THEA ks Aol 98-S MeOH
2 —%%‘3@4 71 A5 vlekglth Table 100 235 & 5 %] cholesterol 4
5ol B FoE5o7te AdE Atk diFEY A FelA AgFs SR

2 A cholesterol®] o] Aol th Algke] cholesterol Adle] & ¥ o5
23 AAE Al EH

ofol

Table 10. A$&olBjARE FHdld AAE AFe I3 MeOH FEE9 FLoE

2 st
i A2
33HE

control T-1 T-2 T-3
Hexadecanoic acid 1.0 0.72 0.64 0.51
Cholest—5—en—3—o0l(3.beta.) 1.0 0.97 0.54 0.50
Cholest—5—en—3—o0l—-1 1.0 0.87 0.95 0.30
Cholest—5—en—3—o0l—-2 1.0 0.88 0.91 0.39
Cholest—5—en—3—o0l—-3 1.0 0.40 0.92 0.10

«. T=1: Mgl A 1.5 % &7} B: Mol A 3.0 % 7k C: AjEolMA 4.5 %

th AjFolHAl HaEAkE APE g oo mE Tk XA

Aol m o] &} RS P AAdA PAER ElE A7]AL AXRAIA &
el tsel bttt 2HF-FA oA Tl Al T-12 1% 7.
T-2% 2%37F T-3% 3% #71ste] ke Aoz iy H3ks FHelo] A&

12}
t
!
rl
)
o
>~

ZEste] FF vlastgith 1% B7hste]l AL @ Wl e controlith BE A4
o FBE BAL, 3% WA ARE FI WA AL Fe] 9692 Fo]
=& Ae g,
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Fig. 35. A&olHA SFAES FA93l Aid A d33e] Xd g%
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ol
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O
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o ol
Ju 1
O
f
3o X
o o
L3
- M
o
e 2

S 3%, T—-2% 5%, T-3& 7% &3t 395 P
S 3}l methylationA| AA L AES v wLE}Fit}.
=, GC9 spectrum< Fig. 379 YebWH L, X2+ u}
TS #MstE Uil 312 Table 1101]%1 = ok AgTelAe
Fol5tA] 92 control®. U} T Aisol WA UERoeH,
T Yox = ddE B M»\‘jr

oX,

&2 ox MU U
flo
it
29

Y
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oby
lo

Al

cholesterol 1
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K& =53 (mg)

350

Hazxt Bazn

Control T-1 T-2 T-3

Fig. 36. @& AJFo|H A& AR H7lste] A AR F2ADF

T—1: AEo] FamA 3% A7) T-2: Aol HawA 5% H7F T-3: A
Fo]l HamA 7% H7t

J“‘.l DPOF T D

D
. BR

-nieaie R e T A E R A A n e e A ) R dd TS T X P e —Tqr T
minn Al e gD 1 E R e 8D 8 B0 B0 BR G0 B4 00 S8 D0 BE 0 0G0 A3 06 34 G0 3800 38 00 4000 43 00 44 00

. Mgo] damAe FAqg Al AWAHEY spectrum
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Table 11. AFo] TAMNE Foste] YAd AD IR Fo APAAF

Rt . A g F
. 3 3% EH
(min) Control Tl T2 T3
9—Hexadecenoic acid, methyl
20.07 1.0 0.93 0.59 0.85
ester

20.30 Hexadecenoic acid, methyl ester 1.0 0.97 0.96 0.91

21.92 9,12—Octadecadienoic acid (Z,Z)— 1.0 1.09 1.05 1.25
13—Octadecenoic acid, methyl
22.02 1.0 0.98 0.96 0.93
ester

22.19 Octadecanoic acid, methyl ester 1.0 1.01 1.06 0.97
23.40 Methyl arachidonate 1.0 0.67 1.06 0.64

32.56 Cholest—5—en—3—ol (3.beta.) 1.0 0.89 1.13 0.99
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Al 58 AFolMA & FE=9 WML &

1. A4
HH = o Z2H5E v Zdo=m dAoAa glon ASRZy HRIuke] A
Bj7} A& an, wjdo] o]Fojxx] gkomz o] E4vt Fow FEro] ool

=
gow yFxst F&, I, XE Fo] yEhb Askd tiagere] «clel €
g (HdefA 5, 2005, Corazziari, 1999, ©]34F 5, 2000).
<] AT g Aol WstE uxy adddoe] shaE S/ <l
ZSHEANE o uZREe AF AFAV Sk v iy ARdS Frske
Ao AFAVE Ao =M A HiRk, v A d R SIhE AL QTR
4 s, 2008, Muller, 1999). WH]E A &st7] flair= T3 Aras AFs=
Z o] ZtH(Gordon, 1992, Gordon, 1989).
Aol ti-E I AIzre] A dE v win|gkatel A A 2
7F S¥gE BAE gQlo] #Ate] Wn|SAE AT AL SIS TGS A
2.

=

i W}

2

2

i)

o
N
PN

‘0,

N

r>~1

by

r &

37 ghvkar &9l m (Chung 5, 1996), A AdF & didEaAIzto] 2.4
A 1692 dFY = 49 52 & 4 It (Cumming, 1973, Burkitt 5, 1974).

AFoIMA S AFart 7t 7sAEdE Shistal o], Aol AF 1
o] FH B g8 ato] A SN WENA Fitol] FHolyk AEIEe] hsatt).
AFNEA = AFoIMAS dxsto] 23t stAY AFoIHAS Eolu &uj5%=
I BARA TsAEEAS Eeste] ARSI, AlSolHAl o] {7 =S
o] w=& MAES HETe ERE AT dolm= duste] o] &stA HH
Hoh 2 & 7s/ide @dadeE 45 A

SolMA I AfFolHAl H] o] &HIEE ARAH LT HA
THbol ARg-SlGlar, 4l 7]+=(Cutting Mil, (F7) AA|=,
sieve mesh 60mesh)& AF&3IATE 28lal FEF3 tfdRe arislle ¢g
Hemicellulase (1.50units/mg, from A. niger)®} Cellulase(1.38units/mg, from A.
niger)¥= SigmaollA T4t AREsieitt. dFEFEol AMEE =2 33 FRTE
ARESEAL, FUl SRS 99% oEES ARgskgith Egk, &/d € (Shinyo. Pure
Chemicals Co., Japan, S.P.C. GR Reagent)2 S.P.CollA GFste] AME3FaL, ol
H]o}7 (arabic acid, sigma), loperamide (loperamide hydrochloride): A] Zzr}o] A -
Aot AREsilith. At dagiE A4S AAEEA] 71 (TOSHIBA,
ACCUTE, TBA—-40FR) & A}&-3}3th,
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oo i
TES ¥
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=
__&
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T
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file)
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ol
by
.ZT
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do
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=

4

o

g

o},

Fo] E27](Cutting
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file)

el
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o
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el
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=
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4

7}
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S
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=
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AYE 8

>
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ZES AR (5,000rpm, 4C, 108)3s}

i

—_
110

O

Al
el

- 103 -



ME0IHA 22
o
=

=

(100°C bhr, 23 Bt=)
A 22|(3,000 rpm % 5min)
|

H(B5%, 4°C O/N)
|

SIA 225,000 mm % 10min)

|

ol
o

=
=

atE

|
FA4H 2 40°C x 24min
lets &

HH=)
M(Bh%, 4°C O/N)
|
S A Z2](5,000 pm % 10min)

|

|
A=
=

Ol

Hi

L

283 F5E AZHAA

=A
= =

e

Fig. 38. AjFolA EE AjFolHA w1 o]&APo2RE I 7|5 /M 2 ®¥u|s
m] o]

kg A2 v, ol

(1.50units/mg,
EHE

Cellulase(1.38units/mg, from A. niger, Sigma)E 7.5unit 2|3+ &, 40Co|A 24%

from A.

o7 AL F=8 555 50mM sodium acetate buffer 300
niger,

7} 80% = Al ethanolS 7}t &

Sigma) ¢}

= =

=

PAA AT
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Balb/C AL

|

H2|2(0.36, 0.72, 1.5mg/m@) &= =0 =22

AT =
T FEEL N A

]

S5UFY 9A|0f 1.8, 3.6 mg/me(0.2me) ZH A E O

(ZZS M40 203
Jeoz =
24 EH5%) OF2HH| 0t 2 (10%) E&st 0.2me &
302 = su310

QEE MBS 45T 0|SEE EAE

A =
O

SHOf

=kt

AFolHA BT dut Al Azl H7lste] AlRE Tl
ALaE Al AMEE THEAT W
A AWALR S 9Eke] E47](Cutting Mil, () A A&, sieve mesh 60mesh) &
A drg AjFolHAl e e BEire EES wEso] 7t

|

o] WIARA ZALEA] A A SHo]

lo
i

LS|
ax

i

1) AEolHA wujsis gye} &
3}

= 7T
AFoHA AFEFEES o83 AstdolsAYE S8t AREg
A Al%E 24~26g9] Babl/C 74 vt~ dxdd Agdtow Uy
sut ¥ FAdste] Ads AASEATE diEdols AR Fgstal, x
FFEES 4S9 0.36mg/ml, 0.72mg/ml, 1.5mg/mls %= 2]
|58 dASs AAsglt. 44 Fd= deFEES AT

ey
=
AL FFeR e, 12947 o]FHHe d4F55S 0.9mg/ml, 1.8mg/ml,

JF ol 2 >
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T
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oleAYRM 23}

o

ato] A
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=
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S
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=
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= o [e]
 AYEEL
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=
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=,
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=

A2

Aol =

]

b

7

LY

=]
Rus
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o

—

AT Ao AAFH Wi, Ao 20~3023F AAAZ F AA4EE
(3,000rpm, 5min, 4CT)& AAsto] A& Fshar, AL ety ZAYHow
o 2514171 (TOSHIBA, ACCUTE, TBA—40FR)E AMg-3te] #4153t

)

4) WAvd e oigk MuZid '3
7h) w574
AR W SRS T S5t WrNd a3 ARl ow, ALS

H A FES HFAFT 220~230g2] Sprague—DawleyC(H-2ttistn Q2855
AY) 2 A2 dEzad Aoz o] ZF i sukeld sk AYE
AAsE Tt tiAAlo] Aol A 3L S A A7 AL, 4AGAFE RS fFEA]7]7]
93 loperamideE AFS 1mg/3g -3t AlEE FFsFT. thExdtols 240tk
Taola, AgTele EFFEES 49 2mg/ml, 3mg/ml, 4mg/mll“‘§_i o] 7
Azt FFetTh i il dAGg Azl AFHSE FA, N, FEEES S
Aotal, AFREAHAY 2 SR 545 S3ith 168417 O]jrl'?*a A 7)o, A
2 Foll e AfFolHAl dFFEES AT 59 AE Faetdlen, 1804 o] %
of dNH T BAZT

A A %ﬁ%ﬂ of go] oA 20~30w7F AAA7]L, AT
(3,000rpm, 5min, 4C)E AAlste] A& FHsta, AL K59 o=
gl AeaA 7](TOSHIBA, ACCUTE, TBA—40FR)E AF&3ate] A 3k3lth

=
%
[
fol
H

=
B
o,
T =z
S,
e e
N
o
i\
il
Lo,
L
=
DX

A5 Sistel A5FEES

e =
2] Hrbete] dizTet Hlugds W, E5FEFES 0.36mg/ml, 0.72mg/ml,
1.5mg/mlE A dS uf &3ldolEEo] 155.2%, 166.2%, 190.1% =716 0w =
gl et HaH oz AslolsEo] TUIsHE AL AT F ATk v]Ee
XA 2 T W Fo] W FHFEEEY FxFEE 3 ihddelsEY
Hlaekels o 0.36mg/ml A 2]E = W—E B 2ERT 1.044), 3235252 B
L4} Z7Feb3laL, 0.72mg/ml AgsrolA e FFEE Bt 1L.6W, dx55&

= 1.58) =718t ©om, 1.5mg/ml ﬂ‘ﬂ
E_T;]» 16HH 27]' ]‘L‘ 7:]“/]'\:_! ‘[:}\}\T;}

OPF

rr

= FFEEE WU}l 1.44),

_4
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2ol Z7labar, Ao ExpA|zke] Zam WH|ELd 37} Qe Bael Axs)
o, AFHA dFFEE9 AstdolsE TV AMSoIWAl deFEEe AN
2ol 98 Rolekn A7he

Table 12. A40lHA 43589 25Bo|5AT

Experimental groups Shifting distance Transit
(mg/ml + mg/ml) (cm) (%)
Control 16.3 = 3.39 100
%%Z%efrgg)l 25.3 £ 3.09 155.2
%%fzefrfcg)z 27.1 + 2.24 166.2
W?tleg Ttgagg ’ 31.0 + 4.24 190.1

W AES A st AlFolHA
Ay, A4 FE3] AL FEES o] &3] w92 423 o]FAY
g oA d5EFESES 0.36meg/ml, 0.72mg/ml, 1.5mg/ml %
2 A e u gzt uE] 2stTolsFo| ZHzF 114.1%, 126.3%, 180.9% = A

2 Z7rgon, = Buy FFEFE HuE 77 1,039,
5

4
s
l

oy

F&E wrie zb2z 159, L1, 1.59 Z7hekich.
Agelul THlR elget A% WEAL AgoluAe ApFEEol vhes

, Akeke] R ATIA S Al

oty
s
o
fr
M
i)
2
A
-
o2
o%
rlo
lu
_};1_14
S
N
L
20
2
o
B

bl
o
=)
offt
T
o
O]N
N
<
il
s

Table 13. && A$oHA dFFEEY 423Fo|F5AH &5

Experimental groups Shifting distance Transit
(mg/ml + mg/ml) (cm) (%)
Control 16.3 £ 3.39 100
VVfg?;;i”ggf 18.6 + 0.84 114.1
VVfg?;;i“ffgf 20.6 + 1.31 126.3
W"(ltleg eftgag; . 29.5 + 1.41 180.9
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3) A FolAl
A& ol Al Agthalel]l -FE 20% H7lske wHe 2AES
o]g3ste] Balb/C w929 AsldolFES ARG 2SS 0.36mg/ml,
0.72mg/ml, 1.5mg/ml FE2 Hgste] =+ Lstdtols7eE SAsto] vl
S o, 23lTol 55 o] Ztzt 158.3%, 233.3%, 294.1% = A 2]kl ulel A A5 F7}

o= ]
=
o= ]
=

11
o, o Wiy FFEE x5 Bk 242 14w, 2,100, 2,59 57}
sholth. deFEEvs AIS WET ojeEel dAS T AL FEE
el Featge o Aow ddEnt wekA AFolA FEES Az

Table 14. AjFo|HA FFEET ¢ ETFZAHEY L3 Fo|5AE A
Experimental groups Shifting distance Transit
(mg/ml + mg/ml) (cm) (%)
Control 12.0 £ 0.81 100
Water extract 1
+
(0.36 + 0.9) 19.0 £ 0.81 158.3
Water extract 2
+
(072 + 1.8) 28.0 £ 1.63 233.3
Water extract 3
+
(15 + 3.6) 35.3 £ 0.94 294.1
4) MFolHA Hgits 43259 S0 A5 Hnjds a3
g AFolHA dFFEER Aegiile /75 20% H7bste] e 24
=S °]§3l9 Balb/C g9 AsldolsES AT 2AES 0.36mg/ml,
0.72mg/ml, 1.5mg/ml TE=2 A3l hx79F L3tPdo)lsA8E =
S, &stdolsEo] 217 180.0%, 212.5%, 258.3% = A& mef HHd8o=z
S7Hden, =i Hud FEEEY S xFEE Bl 7247 164, 1.99), 2.28] =
A FolHA
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Table 15. Z& AFo|WR dFFSETR ¢/ EFXALEY 23 HFAE

Experimental groups Shifting distance Transit
(mg/ml + mg/h) (cm) (%)
Control 12.0 £ 0.81 100
V\/(aothrGGitrgfgt)l 21.6 + 4.49 180.0
VVfg?;;i“ffgf 25.5 + 3.18 212.5
W?tleg eftgagg ’ 31.0 + 6.53 258.3

5) M&olHAl drFEEo aihia|itEd o3 Hu|ss &y}
/‘H—/’Dol‘ﬂ@i AFFE2ES AFLEdlashd cellulase?t hemicellulaseE #
Tid A1ZL o= Balb/C wh-220] /\§}ij°] sE= S5

gsto] AAHAIZ Tt
}'iil"ifﬁﬂ’& S 0.72mg/ml¢t 1.5mg/ml L2 Ha e w h21e L3HolEsE
o] ulaLol A 204.6% %} 316.4% = Aol vl A 23}Ho|FEFo] FragiTh A
oA AFFEES OPgE o83 AR} olEFo] =759 = o]AL 71 v}

A AL Zolz Baste] dolE& &/ =0 zA AU ol%s
, SAE 2 TalE o g AFHolES EXAF Ao dAdHE

2R 237 9e 433 Fo £5S HWAUS A
O

A

Table 16. MFoI¥A EFFEEY G4 E3 AE AT 43T FAT

Experimental groups Shifting distance Transit
(mg/ml + mg/ml) (cm) (%)
Control 10.67 £ 1.55 100
Water extract 1
+
(072 + 1.8) 21.83 £ 2.49 204.6
Water extract 2
+
(15 + 3.6) 33.76 + 3.06 316.4
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6) AgolmAl ko] Wnlss &I}

Ago)HAL AgmAlo]7] witel] W 7l glol= AFH7F 7Fesith. uhet
A dEFEolyg aaid 7k §lo] AFoHA S ol &S u Aslytels A el
X FeS 2AFStaA AFolm Al B Al AdAHFH Hulste] FolAA
ZAFEA T Aol Al Bbs AukAlg o] 399 5% 718k AL S wEar, duk
APRE Fog g2t hstdol s AR wHldlAanE SASIGT. L A% 3%
A7 AR A E AstHol s ES 167.3% F A, 5%7“7}?1 AlEE skl

TES 192.9% FEAH. o] AHE B w AFoHAS JhE glo] auE AdF
st WrlslAaves e o= IRiFoqH oy Hg dFF] A7 o 2

2.8 Zolt},

Table 17. M FoHA BT A3FA0|FTE

Experimental groups Shifting distance Transit
(%) (cm) (%)
Control 15.6 £ 1.88 100
Water extract 1
26.1 £ 1.31 167.
(3%) 6 3 67.3
Water extract 2
_|_
(5%) 30.1 £ 1.43 192.9

) Aol wasEe) wnlss v
ol

= K i 3%94’ 5% 747]—0]-04 U= /K]— = Oﬂ?}‘l— U}-._C’Li‘g]
stelsAE] SAME A7 128.2%9 216.6%% A3l EES S7HIAT
& AR AR 2 A& vy

=
%3 aadAey] Aol MRS o8F AfaraRge ARe
A, gety At aswelEE o GaNAA dBL VA gow

ol M 4y 2 dr B
(22
fol
=
of
o
=z
=
Me
12}
1o
>
kil
jl
L&
=
o
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Table 18. @& AFo|HH L9 L3HFA|TE

Experimental groups Shifting distance Transit
(%) (cm) (%)
Control 15.6 £ 1.88 100
Water extract 3
+
(3%) 20.0 £ 0.86 128.2
Water extract 4
8 + 1.64 216.
(5%) 33.8 6 6.6

L}, WH)-5 = (Sprague—DawleyC)oll tfdk ®Hu)/HH a3
A el SR 5 S5t Whpsld &3 sk Agdd =
=(Sprague—DawleyC)E ©o]&sto] AFolHA dFFE=S Aol 2mg/ml,
3mg/ml, 7183 4mg/ml FE=E AHHPS wf HO FAVE 272 128.4%, 140.5%,
157.3%%= A elsikol wt ﬂH‘ﬂd%‘EO] s7tglem, W Il 242 121.6%,
132.1%, 133.7% = Z7}st a1, Weo] EsteFe Z2+2F 173.0%, 239.9%, 251.7% = #

g g et Aoz FUt o}oﬂu} wba AfEolHA dEEZEo| npo o
Aspol FE RN ofyel Wujd Ko g
o

W
ol WiME ABaA AFE EHE e 5 vt

Table 19. WH|FZ R=d] g AFo|¥H AFFEE9] WARFS7H &3

Experimental groups Shifting distance Transit
(mg/ml) () (%)
Control 2.0681 £ 0.1051 100

Water extract 1 26561 + 0.0165 128.43
(2mg/ml)

Water extract 2 29075 + 0.1185 140.58
(3mg/ml)

Water extract 3 39532 + 0.4496 157.30
(4mg/ml)
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Table 20. MjFoIHA AFFEE°] AvlFE A=Y WAF T7+ &%
Experimental groups Shifting distance Transit
(mg/ml) (ea) (%)
Control 18.95 £ 0.15 100
Water extract 1 23.05 + 0.25 121.63
(2mg/ml)
Water extract 2 95.05 + 0.75 132.19
(3mg/ml)
Water extract 3 95.35 + 0.25 133.77
(4mg/ml)
Table 21. A Fo|HA EFFEEo] Hufd A= ¥ FEIF 71 a7
Experimental groups Shifting distance Transit
(mg/ml) (g) (%)
Control 0.6724 £ 0.0009 100
Water extract 1 1.1636 + 0.0478 173.05
(2mg/ml)
Water extract 2 1.6132 + 0.0563 239.91
(3mg/ml)
Water extract 3 1.6929 + 0.1977 951.77
(4mg/ml)
O EFFEES 593 v A A
1) Aol A AFFE=E5S F9I3 v AR
AEolMA d4-FEES 0.36mg/ml, 0.72mg/ml, 1.5mg/ml EE=
o] FolE S uf, LDL—cholesterol &S 2+7; 21.8%, 33.6%, 40.0% = X
o] e} 7+ 3 o™ Total cholesterol Z+2F 8.4%, 10.1%, 12.1% = = ] & uwlz}
cholesterol&&o] FAEAT. ol Y7 7154 Ad&°] cholesterol S5
DS54 FHZEY wjAd S FXFgo =N P AANHE MY Rael Y
St AdS HYT AlFoHAl EFFEES Fo% npg-2o AR B A3
/] LDL—cholesterol®} Total cholesterol o] 7FAsh= AL Al$olnAle
3l 2Alo)lAdfoll ost gt} AlE Yl HDL—cholesterol®] dteFw slo= & *}o

AL o= ThE H A oA =

= FLd A3t yEbs
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Table 22. A Fo|HAR EFFEEY v¢+28H F AEF 74 &7

Groups

Control 0.36mg/ml 0.72mg/ml 1.5mg/ml

Total cholesterol 138.0 £ 3.74 126.3 £ 7.36 124.0 £ 2.94 121.3 £ 7.58
HDL—cholesterol 111.2 £ 5.10 109.0 = 5.61 107.5 £ 4.59 101.7 £ 5.73

LDL—cholesterol 11 = 2.82 8.6 £ 1.24 7.3 £ 0.94 6.6 £ 1.24

R A5FERES Fol vhens] Folra

El; SolH

g AfEolw Al dFEE 0.36mg/ml, 0.72mg/ml, 1.5mg/ml =2 2
of o] o4& S uwl, LDL—cholesterol $r=Fe] 0.36mge] Aol A= <942l
2ol 7F fl o™, 0.72mg, 1.5mg AT A = 7.5%, 24.7%= ZFoll wet HAag o
] Total cholesterol& 9.2%, 10.6%, 17.8% 7+A3th AEovAl dF-FE=E 0T}

HE A Aol A &Ado] A YEbE T

Table 23. &8 MFolHA FFESEY v+-28Y F AFAYF 24 a7

Groups

Control 0.36mg/ml 0.72mg/ml 1.5mg/ml

Total cholesterol 138.0 £ 3.74 125.3 £ 2.62 123.3 £ 7.71 113.3 £ 4.49
HDL—cholesterol 111.2 £ 5.10 104.2 = 1.34 106.6 + 3.42 101.9 £ 7.11
LDL—cholesterol 9.3 £ 0.47 9.3 £ 0.94 8.6 = 1.69 7.0 £ 0.81

3) Sl dFFEEd 7 T 2AES 998 v R
HA d5-FE5E7 78 388 24 ES 0.36mg/ml, 0.72mg/ml,

S w el W3] LDL—cholesterol $F&Fo] 19.4%, 19.4%,
7 o™ Total cholesterol B3+ 1.9%, 4.7%, 8.9% 743l o

1.5mg/mlE # g
26.2% = ol uw}h
Z]

™, &l e} Howm Fasitt. ol AHoldwrast 7o Aiel =d4H
= %%—’F‘l.*xﬂ 2 HF R vidS SX% o= dF AEAAHE AT
T ouash fAbe A% molch Aol 14 298 fF R 24E
o] NG E &4 54 A LDL—cholesterol, Total cholesterol &&o] 7Hast= Az}
L A EolmAl Y 13 2AEY $62 F8tsl 2R MG oF Aollw A
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Table 24. AEolMAN 4528} 4 £F ZAEL Fid whoxy Ao
3 AAYF p2ED

Groups

Control 0.36mg/ml 0.72mg/ml 1.5mg/ml

Total cholesterol 133.6 £ 10.33 131.0 £ 4.32 127.3 £ 12.68 121.6 * 3.29

HDL—cholesterol 107.8 £ 4.69 105.7 £ 4.80 99.8 £ 5,59 111.2 £ 6.81

LDL—cholesterol 10.3 + 1.24 8.3 £ 2.62 8.3 £ 2.05 7.6 £ 1.69

=

=5 —’Foﬂ 0.36mg/ml,
& x4y waglal,
al

3
0.72mg/ml, 1.5mg/ml L2 o JFAFPr}. JAPR
LDL—cholesterol %< 15.5%, 22.2%, 33.3 3
5.9%, 8.6%, 9.7%= AHzlF=el Hl#HHA T3
MHET Aol Aol wet folFow 3}
ashddel el Wnls| g avE FSAITIE

Table 25. && AFoWA AFFESEFR 7 £F AES FA9T v+29
g F AAFF F2a7

Groups

Control 0.36mg/ml 0.72mg/ml 1.5mg/ml

Total

133.6 = 10.33 125.6 + 9.87 122.0 £ 3.55 120.6 £ 2.35
cholesterol

HDL—cholesterol 107.8 = 4.69 98.7 £ 6.20 102.7 £ 3.41 104.8 £ 1.49

LDL—cholesterol 9.0 = 0.81 7.6 £ 0.94 7.0 £ 0.81 6.0 £ 0.81

5) AlFolMAl & Al E Folgh npg-2o] A
AEolWARES Algo] 3%, 5% H7bete]l whgzo] FAARS
LDL—cholesterol &S tzTd vdA 2tz 18.2%9 7.5% ZAa o Total
cholesterol& 6.9%%} 7.7% 7ZrA3stG T AlEolHA S 7136l A] &1 202 AFHs)
dete Ao dof & AFY S AaA7I= E37F AAARE, A #ell 79
A QA A AgkeFo] AR ekt

=t
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Table 26. A &ol¥A ELAIZE FAT v+ €N F A AF 7285

Groups

Control 3% 5%

Total cholesterol 125.3 £ 10.87 116.6 £ 2.35 115.6 £ 3.09
HDL —cholesterol 98.8 + 2.77 97.6 £ 6.40 98.3 £ 2.45

LDL—cholesterol 9.3 £ 1.88 7.6 £ 0.47 8.6 £ 3.39

6) Hg AFolHA FEARE Folg v FHolRA
ol

wE AFolMA BEe AfRA 3%, 5% Arke] el FolAAL u
LDL—cholesterol g5 thxtoll vl A Z}7; 37.9% 57 3l aL, 5% Aea2 24.7%

743}t Total cholesterol2 3% 8]l A 13.3% =718t o™, 5% A<

20.5% zHasiQlth. HaE AlFolm Al EEALR S A= HS ol W AdAM =

_{

TGS LDLo] 7hastelAst Ael@a freldols P53 o] Aotk o Axtst
FFS Auw MARTS ol §F WHlsla B 9L £ AAW d4YRe )
Hagpls FEEe Aug AWAsRA 2Pk AN FY F4E ARG
o Ak A Ao, RUAARL Fo] BES A ANYRANEAT UL
Ao AR

Table 27. T& ANFoHA EIAEE F9F vhs-29 A T AATF F4L

ax
Groups
Control 3% 5%
Total cholesterol 125.3 £ 10.87 142.0 £ 1.41 99.6 £ 5.90
HDL —cholesterol 98.8 = 2.77 117.9 = 2.36 89.0 £ 4.11
LDL—cholesterol 9.3 £ 1.88 13.0 £ 1.63 7.0 £ 1.41

gt A FolHA dFFEES 5913 HF=(Sprague—DawleyC)e] & E4
AMEolH A Ad4-FEES 2mg/ml, 3mg/ml, 4mg/mlE 2o Zo] Fof3h
Ao Yolgie 5 LDL—cholesterol &2 32.0%, 39.6%, 35.8% A om,
< b, 24.2%, 32.4%= AP om, ol met Akl

0
NEolHA Y d4FEHEo] Ao WHule|s Tyigl ofygl dH o7 cholesterol
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Table 28. A|EoHH AFFEESY H=E F ALAHF F4ad

Groups

Control 2mg/ml 3mg/ml 4mg/ml

Total cholesterol 109.5 £ 1.5 93 £ 9.0 83 £ 9.0 74 £ 4.0

HDL—cholesterol 123.3 £ 1.3 115.2 £ 1.5 103.45 £81 87.8 £ 7.4

LDL—cholesterol 26.5 £ 0.5 18 £ 1.0 16 £ 2.0 17 £ 3.0
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1. A

AfEolM AL Afulol] Qlo] F2 AN = WHale wix AR VFshs 4F A=
I A T FARHCEZRY 2L¥HE 7 M A2V FH S 9HERoH, 119
Nk T4 094, A A Y B F T Y A= st o] Hrh o]
w5 Ao 71 AstHA A FoIH AT FRF AR HATT A5l 3|
2 dovle #5244 Walel ¥ (Healey$ Harvey, 1989, Wells 5, 1996)°] 23
WAl 7] st dalE dorle= Had BHaE ve + Arh

A&l A Aule] FoH o= Pantoea sp.&¢ Pseudomonas sp.©| &8k A +Al
WA LEY | Trichoderma sp.9} Penicillium sp.o| &3 FE530|9, Rhizopus sp.
o] 9]3t cobweb disease, Cladobotryum sp.o| &3+ 3 FFolH Howr7o]

(Monilia sp.), = 3| Mgeta30o|( Trichurus sp.) 5°] YHKim %, 1994, Kim %,
1995, Nutkins %5, 1991, Paine, 1919, Seo, 2001).

A T8 FE9 257 Ale] WAl 7Pg & 93s str= Az
T 2xdrt & XEWE AMAY gAES 24T g o weA FetEoly &
g M= FRo #EE HAT] slfoF stal, 2% WX pHE Al Hajo
A= F ¢1 2ol o}

K B ES TH29Y A9 EFom wol s,
5 AQuizER7] 5ol 93 F AT Fale] Hu} 53 FEHFo]
Aptoll &ahe ojw gt WAl Ay Al g AA A A= B EF
o, A% Afoe AAE AT A2 & yiE T AvE
wgol= A F7]el st gl oY A sk
7t Al ASA A AT FaskT ol gt FolH = wi A o] o Y
= 7HAYFa, A A e HolE JA|star, A A ] A =
7AW H45 BHlste] AR S AAA T

A EolHAle] Au] F WA= LATES] Jale T YR
ol ojal Wafj7F dojupr, Ao xH |
Holzlth, BAYN Qe =5
oHaL, 71t Al AR & Q7] Wil AlSEAl wj et AeA
o H7lste= Ao] Foh

il

2

3

of o
o fo
r ok

ofd
o]

2. A7 2 WY

7h AEolH|Al Al el veERUE Wt e
AFolm Al A A Auig o] mA el T s Bl L AREY
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AHS FHal A material

WAS B 745 BEsst. HARAAAZ R HE 24 ]
St material dilution

dilution agar methods® *F#]ala, WA= LdAHHFS
agar methods® ¢33t}

B 3ol H8e B¥AS Holve AAAY MFE RN Y 24 5 FHoko
PDAH Ao AEA Q1 At S-S stHA EFEdE kst

WA At

Ao ALA ARRFE AN w5EeS Ak

o b
o
o
o
2
o
rlr
>
>
i
i
=
o2
o
o n
hl
s
)
N
»
ol
o
AN
ol
9
Z,
>
=

 deS o] &3 St spectrum A}
A AAja) Rl A 2k 6719 WY FFolo ulsh &t
A Aa+t, 2283 AK—-175 ©]&3}o] plate W X]H]<F

3. dT+Aa7

b AlEeAl Fa W el

AEolHAL Aufel Qlo] 7HE EAIZE He S Wy 2 A LPgoe=
EtAS 2 £4S8 1At Fig. 40 A9 #3o] Fl, F3& Ao WA #FH
o S ETE wE ASolH Al Bt WA wgH S AHste] oAl ol
TAZE Ha, IAE A7 witd A AAE LGA7]7] dtel] 9 A
$7F Rold wmEA AAE FE ol T8 F29F F4e AlFolHA FF
S-S A7) wideol 7)ol BASH AjFolmAle] wolE whal, Who] o
At AgEdo]l HoxAY FEM O R IS FASHY] wEel AFEsT o

o P13} F3 bbb 2 A AAE 2944 gl edwe] w4 el 44
& welvh asth AR Aol Agel AuA} APAYL 2ehsta,
AAA BEAE @] vehb] el FEOZA NS P Ak
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AN Abgo] oJHL} AT 2287 F+= WYF Fl, F2, F3o i3t A&ddA 8 zta

o, AFolWMAl #F9 ASole 7] Asfets AN AA BFHol= &
A7F QA TH(Fig. 43). 2289S Pseudomonas sp.2X A&l Al Ajuje] A& 5ok
o8 N ThsAds Rlstdlom, AEA7Ie s ZAstH AlEolHAl Al
7t 2 AAA o5& FA 2 AHolth

Fig. 43. 237& o|&F Ao AdH} LG7 A& F7F SFEH

Al AlFolHA Lol st dadtEe A8, B F2ool st dadts
o] gt2hg, Ci 22849 F1, F3ol tist &+2t8, D: AK—-179¢ F1, F39
3t o 2kg
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A 2ARTA N EATIR FE AT A

A1E. A &

Zhopell A== WAL un) ZEARR REE QIZhe] ofsto] A F-o]8-H 1o
FEHAQ] WEv= VEAFoR FE ol §HgH WAS I AHERE dF
of THsARE e FoiM = WA iAol Ve aAd S AEs dad U=
& F7kste] wARAl R AEAE Aiems O Aol mAeR ofro 544
& ze BAlE H R sl ol2glow, wmAle] gt oF8&THA7F
AP s el Wt 1 8.k Frbskal sl

FHrol Mol Amety @Adol #wsted wliele] W Bivh glem(Jung 7,
1992; Kim %, 1992; Kim %, 1993; Yoshioka &, 1985), &= WA Fol| &3 &%
& ZAol w3 ArExE BuHAnH(Chal, 2001; Kim 5, 1980; Changiﬂr Miles,

wo BA ARAY A gE PR FEE 9
NN W5 HRAA FAL BY ol o AT S

=d o5 AA

dgdstate] AmadE YRR A8 2 g5 8o= FUIF BEsloe 4 H
B2rgo] Ao gle Aoz dHA JdvH(Hamuro®t Wagner, 1978). 1822 WA
wgolQl FAe Tl s A EEQ TR Akl o]&H L
At (Jung &, 1996)

H - pius ]:]—O
slom, Al i ol @i, ofrit So] FHE Nk ofyel B—glucan, H|
Bl Bl R so] FrEol Ao MEE VT AR e wa gl

In

(Lee 5, 1997; Hui %, 2002; Furlani®} Godoy, 2007; Yang &, 2002; Smiderle &,
2006).

HATE A AN 7= st BAE= oAUAE o] &t &3
A2A] Age F2 g mEkA WMAAEE AFA Eelso]l $ste]l Ak Mol
U gro]l Basly] oy gad SdAE ¥y 5o ddiF dH= 2
o BEY vAEe FAS 2Fs7]%E dh(Bumpus 5, 1985; Cripps &5, 1990;

Ready, 1995).

Lignine sl #l= 2d7 sighEd &stng siol oste] Astrt of g A
T AT F T fA BRI AL g 2B a4%] ligninaseE WH|THO R o] & Alm
H7HA = ol &8t = AL &, 19785 o9k 41, 1982), & 5(1984)
< =EhEHA Au wixE SA o] &3 & e HEA, W€ 4% AT 7h
%{5} 74 o= EJ—?"L H]’ 9/\‘:]’-

B o\ WA ( Flammulina velutipes)S SAT+2 ?%H”E(Agaricales) % o)1}
(Tricholomataceae)oll et o8 ool A Hupi, By ARAUY 59 &4
T =74 & Ealjsks WA B4 shuhE A (Chai, 2001), 2.2 ?ﬂl‘%Ei A
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Aol ojsl Agitwo] ghizwl, Hrel= WAAMe YASE Fete] Anlsgol
ghfjslo] wjd oF 75 E(AZE 23,000 £)o] YAAAE ZFA Hol kA5 F
& AEom A& HAH(Chung, 1999). e FolwAs Foato] 2 gow 7}
= A 7] A= FARA R o] Fe d 7 8,200 ol o2
(5314, 2006), FEAH B AV AR O] Abs Sk

Lo A SHelA F8svha dekE

shtet.
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Al 272 7] o]g WARLS o]&% AT R Fa] Bit

1. A3y Hy
7} \) o] &B A FH|

D vAdE da WA f71E ALt
2 A o] &H 7] o] § HAAYS
A AR AfFolH AR ol Aloltt. WA
oLt} AAYAA H7H = FAES AASHA
1 3 AEE 7] (Cutting Mill—J—NCM, A]A]
£ 20 mesh® 25 THEOA Aol ol & si3la, Hxd 7] o] & MAAAS
JAE& o]&sto] Ta A2l & v Aol o] &

AzxE WA mAE Tas 1A 2L E 98ty tdet FeEe g i =
S Bt Bacillus subtilis A8—83 Klebsiella sp. Sc 5 (Figure 1)Z LB A
(polypepton 10 g/L, yeast extract 5 g/L, NaCl 10 g/L, glucose 1 g/L )| H=
sto] Zhzh 37 Cel A 293 vl stlnh. oloA g EE Zﬂiﬂ HA
L (viviw) o] BlER ZAF TR v, o8 ARddA 25 F
o} o]% WaitES s w4 XA F Mixerg ©]-&3td] %7@’5‘] o} 5}
AR H7bEE ARSI
Aol AREE 1] o] & WA A
o] AT} WolHASEZRY n o]&Hi 9t x 9 waA FHAAHS

Figure 29} Figure 3o YERHSAT}

2 X
2
@
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Table 1. Chemical composition of disused Pleurotus eryngii and Flammulina

velutipes(%)
. Crude Crude Crude Crude
Moisture . . Ca P
protein fat fiber Ash
A &0] 14.30 15.35 0.61 5.52 8.70 0.003 0.181
o] 10.52 23.04 2.56 7.69 6.82 0.017 0.759

1. All values are expressed on a dry matter basis.

AEo]l WAl I FolmAle] AWbgdE A2 AOACH Ol whel A8ttt &3t
F2 105C At dxye=m 54 siglen, 2dMA2 semi—micro kjeldahl
Y, 2A%2 Soxhlet F&H, A& 1.25% H.S0, ¥ NaOH ®aiHoz 7h7)
SAsta YA = 7 FALER YElglt B 332 550C 14 33}
How Ao, FUIAES sARAMoRw EA 8l
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arvested Pleurotus eryngii Harvested Flammulina velutipes

Disused Pleurotus eryngii Disused Flammulina velutipes

Figure 2. Producing process of disused Pleurotus eryngii and Flammulina
velutipes
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. ]
% 4

Dehydrated Pleurotus eryngii

Fermented Pleurotus eryngii

Fermented Flammulina velutipes

Figure 3. Dehydrated and fermented Pleurotus eryngii and Flammulina
velutipes

. 71xAtE EH

B Ao o] 8H 7 ZAIEE T Az AaA 2 SAAEA s oY A
dA AdS Hte SEFF-AnT - Fut f7E igd 2d9d 15.70 %,
MEn 2,764 kcal/kg®l 2F&EAAREE AlF A 7|3
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Table 2. Ingredients and chemical composition of basal diets for layer
(Calculated values)

Ingredients %
Corn grain(CHI) 60.34
Mixed grain(wheat) 5.52
Soybean M/L LOC 15.62
Corn gluten M/L 2.24
Animal fat 1.00
Salt dehydrated 0.20
DCP(18.5/23.0) 1.40
Limestone(1mm) 8.68
LIQ—Methionine(HYMETBI+) 0.13
The others” 4.87
Total 100.00

Chemical composition

ME (kcal/kg) 2,763.90
Crude protein(%) 15.70
Crude fat(%) 3.73
Crude Ash(%) 12.88
Crude fiber(%) 3.00
Ca(%) 3.82

The others’
1. LIQ—Cholin CHloride 50%, 0.06; VIT Premix(Poultry—3), 0.15; Minpremix(Poultry—3), 0.15; Avizyme—1500, 0.025;
Smuos, 0.1; Oxizory—D, 0.03.

A9 ASS HAstAME 4FH o)L S -4y -ugFa 95 oA
19.50% ©]%F, MEn 3,050 kcal/ kg ©]4¢ SAAZNAE<AHEST 4578 o]E=
ST Prt” 95 Zawd 19.50% o)A, MEn 3,100 kcal/ kg ©]4F¢l &A% 7]

AR <AY>Z 7% AR R %Oﬂ‘é}ﬁiﬂr(Table 2).
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Table 3. Ingredients and chemical composition of basal diets for broiler
(Calculated values)

Ingredients Starter (%) Finisher (%)
Corn grain(CHI) 51.46 55.24
Mixed grain(wheat) 6.00 5.00
Soybean M/L LOC 27.34 25.24
Corn gluten M/L 5.00 5.00
Animal fat 5.00 5.00
Salt dehydrated 0.25 0.25
DCP(18.5/23.0) 2.12 1.96
Limestone(1mm) 0.94 0.92
LIQ—Methionine(HYMETBI+) 0.33 0.29
The others” 1.49 1.10
Total 100.00 100.00

Chemical composition

ME (kcal/kg) 3,050.00 3,100.00
Crude protein(%) 19.50 19.50
Crude fat(%) 4.50 5.50
Crude Ash(%) 8.00 8.00
Crude fiber(%) 6.00 6.00
Ca(%) 0.80 0.85
Available P(%) 1.50 1.50

The others”

1. Starer — Declazulil, 0.05; Neomycin 77G(neocin), 0.024; Avilamycine, 0.4; L-Lysine(A, A-4), 0.274;
LIQ—Cholin Chloride 50%, 0.08; VIT Premix(Poultry—3), 0.15; Minpremix(Poultry—3), 0.15;
Avizyme—1500, 0.03; Smuos, 0.15; Oxizary—D, 0.03; Pastron, 0.05; Odor kare, 0.004; ALL—Mix, 0.15.

2. Finisher — Maduramicin(10 g), 0.05; Avilamycine, 0.0.24; L—Lysine(A, A—4), 0.168; LIQ—Cholin Chloride 50%,
0.07; VIT Premix(Poultry—3), 0.15; Min Premix(Poultry—3), 0.15; Avizyme—1500, 0.03; Smuos, 0.15;
Promax(Berberine), 0.05; Oxizory—D, 0.03; BZF—Galicin, 0.05; Odor kare, 0.004; Pig—koll, 0.02; All—Mix,
0.15.

o Ar2A e ARg T A dABAE

1) AzxAe] v o]§ WAzt Fo

n] o]§ AfFo] MARRIS] FoFg ARAES flete] 507 stolekel ARl 2245
= VN Al AHF 490w Al AstaL, G AR 148S wiA] kit
Z(Control) = AlE Z717F B0t 7| Z2ALERES: o] 31903l A1 (Treatment 1)i= 7]1%A}
Foll AxAe] Aol WAl 1595 37E A2 (Treatment 2)ll= AxA2] AjEo] B4l
3.0%= A7} A3 (Treatment 3)ol= HAZEA ] Aj$o] WAl 45%S H7Vske] 75°7F G138}
ATk

T3k 1) o]§ Ho] MRS HolFF APATS flst 607H ] stoleiel Akl 224
TE VI Aol AP & 4aiRo R AlFgAAEKL, vHE o AR 1458 ajx|skiT
thZ=7H(Control) = A8 A7I3F B0t 7| Z2AERES: 39 3199, AlE1HTreatment 1) 7%
Aol AzxAE] o]l WA 1.5%5 37k AE27(Treatment 2)oll= AZ2A]2] o] WA 3.0%
£ 37} A3 (Treatment 3)oll= Az Hol WA 45%5 H7lsto] 753 Fofi3ith
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2) WA wolg WA Feol
aAe vl ol Aol walAglel Aljte] FAef vl
Qo] olapE ek A AFA 20975 470 A2 el A

(Control)+= Al 717t &<t 7| 2AME RS o] SISl ]@1?(Treatment )& 7|Z2A =

g AeE] AlEo] WA L.0%S A7) A1E27(Treatment 2)o= 2raxja] Aldo] WA 3.0%S

A7} AE37(Treatment 3)ol= 7AZHE] AEo] WA 5002 H7ksld 75271 39381k
gk waAe] v o] o] wiAiakde] Alke] FAd WAl dEFE AR fldte]

g0=o] slolatel AleHA]l 3042 67 Mg ol Ar] o 54Me uiHEIY. gz

(Control)= A& A 717 BoF 7| A ERRS Fo] 31931, A& 17 (Treatment 1) 7] ZAFE9

ubg A Wol WA 1.0%2 A7l AE27H Treatment 2)01= &=z o] WA 2.0%2 A7}

Al A3 (Treatment 3)°ll= Egxie] o] WA 3.0%E 7k A4 7H(Treatment 4)oll= EgA]
2] oAl 4.0%5 7} AE 57 Treatment 5)0l= Taxlg] sPolHAl 5.0%5 H7lste] 55+
b Feissi.

&
E

W,

>~
ﬂd

i
E
ol
|\
o

2 A &% —’ul?f W AR 3B ARERR o] AdeS elen], B
AFEAIRES AR F dolRelA S Alste] F AR S silen, ololA A

SR LPre] 159 ARAARS BASKIT, ARaTEe F ARAARS A 24
ko tro] Akl

2. ) AR 2 AR SR 24}

D 3 HAAd s

AN T8 F 5 Oﬂ‘:/] &S o]&sto] mFHAZIAL ]8R VFelet AAE o] &
3 8% HE(QHANE, WEARDE AUt WS 2NN 10 anF = 9]
Aol A e FHES % é}ﬂ]r*i WS AFsT. AHE WS 1 anB = 2N
sto] E&ES 3 gdE FAS & Hir® 50 ml conical type FFHoO| Yi Hd

2 Al WA 1072 8 At 107 ~10"717] At 8L A A 5]
, 34 107" 1070, 107%l A ZH2F 0.1 mlE A wjx|ol] A Eate] 37°Coll A ul
*}OJU} E  coli®t  salmonella®l colonyg+ 272} DIGITAL COLONY
COUNTER(KTO00 —74A, Kartech, Korea)E ©o]&3sle =4 3. wix]+= S,S
agar(Item No. 29081, o}2kA| 2k Korea) 2} MacConkey agar(Item No. 29021, o}AHA]
°F, Korea)& °o]-&3atiom, 7 wix]¢] 54 3 wig =3 Figure 29 Table 40
et AT AL M =] 5 loges FHske] YERSIT
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- Sa]mob;IYa,- S]zig]]a agar — - ;cConkey agar —
Agzhd 288 B A A, ¥ Es

a1 - _w
el e

S. typhimurium E. coli S. typhimurium E. coli

Figure 4. Media and counting conditions for Sa/monella and E.coli.

Table 4. Media and culturing conditions

Selective . . . Incubation Incubation
media Micro organisms ATCC reaction method time (days)
himuri colorless black Aerobic

S um 14028 centers colonys condition 1
Ss S. flexneri 12022 colorless colonies " "
agart B faecalis 29212 Inhibition(conplete) ” ”
Inhibition(partial),
E. coli 25922 colonies pink to " ”
rose—red
E. coli 25922 pink color Aero}) fc 1
condition
Mac S. typhinumrium 14028 colorless colony " ”
Conkezy lorl 1
agar . colorless colony, " ”
P. mirapilis 12453 ing: Tnhibition
E. faecalis 29212 Inhibition " "

LSalmonella, Shigella agar: Selection discrimination separation(Item No. 29021, oM}A|¢}, Korea)
2MacConkey agar: Pathogenic Intestinal bacillus, separation discrimination(Item No. 29081, o}3tA1¢k, Korea)
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|
ArFAIR ]l FRE A 72 AEEE 24417 del widE A midES AT
s A sHkgo=s 7+ 1.6 L HEW &Ko &5 mAdE 70 g¥ FEste] A&
0 6 ] 7F 2 7k 237]1(GV-100S, Gastec,
o]-&3st] NHs 7}2~& SAsITE o] w) viAdEo] 593+ W 7+
3719 fFEol 7heskAl deZ JPHA Bd = A2 (20C AP HEsIgl o,
7} 2~ZA HFH (Detector tube, Gastec, Japan)+= NH; & (ppm)ell @&k No. 3L(0.5~
78 ppm), No. 3La(2.5~200 ppm), No. 3M(10~1,000 ppm)Z wg+s}o] =43} Th

w AR 4 24}

o S J—/\}é}oﬂt} 51—/\}%%_] ‘ﬂ’?}% ATS  QCM+System  Egg  Quality
Microprocessor(Technical Services Supplies, York, England) & ot
A, Wl B9GUE WPIE 9 WbeAE S8t or A wdEe Al e
FAllE] W2 F& rtvie] ¥akn Azyzke] TAold, Wrbae ul 7}

SH HE(%)= HERA Aolw, e Roche Yolk Col ormeteroﬂ 91*3}04 =44 Aot

Wi e fololn, &9

A AHejdz Adsle] Aol 47 FoF BESEA B4 EEe WIlE AR
=3
vl Aol AFAAAE 4

54 Axd ﬁ]a‘r Sampleol| Al W3} 1g& fFrelFrel &4 T feu=2 vfAzick
Sampleol] MeOH®} CHC:E 10ml @ 20ml(1 : ) 2 VoltexAlZ] 3 283} A|Z 7)o 157k

FAAA7]4L, 30+ | X]/\] = A4S 23 HPHU}E} F5S o]7sPHA] Buchner fumnelol] &
7 HaL, 0.88% aqueous KCl 89S 15ml¥-2 & ShakingA)7]3l 5 #8]¥W 52 Wi,
2 A funneldll %A Heth 0E FE5H9] 1/4 1 Y3l Shakingshe] 33] HHE-8o]
AlZ1 & AolS Round flaskoll @il Rotary Vacuum evaporatoroﬂf\i FEAZY 5N
ialoll 3l Isooctane 1ml} 2N KOH(in MeOH) 100plE ¥ ¥ lmin VortexA|7]3L 3min
Centrifugingdt}. Centrifuging & 89 A5NS thA] Vialol %7 B3l Saturated aqueous
ammonium acetate= 0.5ml%¥al, 1min 7+ Vortex - 3min Centrifugingd}al 523k ®HH o2 H,0
S Y31 Vortex, Centrifuginggrt}. 35S Na,SO40l| CHC139‘r Al SeEU H,0E &3] Al
AR H Aartiaz CHlss 98] AR 2a § GOMS 243k GOMS 4 =

Mo X oX
2 ofje

=
)
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A& Table 5.9 YERAATE

Table 5. GG/MS
GC Agilent 6890
Column HP-5MS(30m>0.25m>0.25 pm)
Owven temperature 170 (3min) 15T 7 nin 20C {7Tmin)
Injection temperature 26071
MSD Agilent 5973
Interface temperature 26071
lonization voltage T0eV
Carrier gas Helflow rate : lmé/min)

O GC/MS #+4

HAS Jogh dol AAkst A AEES A fg GC-MS #42
Agilent 6890 GColl A% Agilent 5973 MSE AF83}% 31, carrier gas™ He gas
= 1nl/min® SE2 ZHH WY lonization voltager 70evo] 1 al, splitless mode
2 EBA3%Y. AFgE GC=  HP 6890 gas  chromatography©] 13,
HP—-5MS(30m>0.25mmx0.25/m) column % flame ionization detectorg ©]-83}3lt}.
GCY 2xzeade 170CAA 327 FAAN §F 27 16CE s3] 280T
A7 FAARE. GC FAT R HEV]e] 2= 290C2 SH3laL carrier
gasit= MS9} 3t Sx=2 SHRWY. GC ZAHoA HEd 42 GCo F=d
MSD(Mass Selective Detector)dll 9J&l HAE% 3 545 AoJx TIC(total ion
chromatogram) ¢} ZF 3] 3.9] mass spectrum< &<213}7] 93te] Wiley275 library 9

SE oot >

mass spectrum data searching=S %3] 543} t}.

AL &A1) At B3] A

1) Az 1] o]§ WA Ao F

SAolE] 9655 470 Al ol AHEld 3HtE o7 A dAsta vhE o Holg
84 A3t th. & (Contro)E= A& A 717k F<t 7 H
AF1ITH(TDE 71Z2A R x4 o)A 1% H7t AIF27(T2)= 7| 2AM=
AzA g FolwmAl 3% H7F AEIF(TI)E AxA g HoWA 5%=
o] 6537+ Fostltt.

e
>,
il
d
tjo
H
(o
ol
2
K

il
3
N
—
Z’l_',
N
-
ol
-

2) HaAg v ol WAl =l Fof
SAYolE] 9655 471 Aol Agld 3utRo g A7

ain

(AR

R

ol
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5 S wiop 2AbEl oW, SAIF (weight gain)S 154 3HE]
T SAFS AETTFE Ul 199 SAFeR FASIH. AFRAH #H(feed
intake)> AFR F TR IS Alste] FAHAFS ot AR ol
179 AR FAE oM, AtR 8 & (feed/gain) & ALRAFHZFS 1Y SAF

oL gusle EAEH 24

1) =ASA

SAE 24ty A AATS SAHsa, WdEH 9R aea A 3 o
WAHAE AAG o EATES SHsT =AY FESS AR (A1 Fol A
A147FA e]), QF(F9- 4% A, T8 (F2 5] xT49 7H45), A
(A1FF 17FFA ), &8 CFF3 o] oy Zuky) E (e 3 4
D ovES 23S 5)ER FFEte] AT PR 29, 1 AR
Ag 47 S383A

2) garrle] A4

ZA 75y gEFY AdS AlASta, Fed Ay AAZAS AAG &
<5 (Lean meat)F-29HS FH5to] Av|A-g M (wrap)oll EAste] WA (2+417C)A
AstEA 0, 3, 6, 9o 2tz TBARS (R WA =) 3 VBN(3RHA A71H EAa)S

=49,

TBARS (A A )&= Witte 5(1970)¢] ¥HHe| we} Adsk A& 10 g& 20%
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|

trichloroacetic acid(in 2M phosphoric acid) 25 mlE #7}ste] #23H14,000 rpm, 2
min) ¥ §F FHTFE 100 nE %FE ts s5E S5 shrl fE fewtiE
shaking®+ & o] #}(Whatman No 1.)3}3ith o338 5 ml9} 0.005 M 2—thiobarbituric
acid 89 5 mlE Al@elA BFEAA AL haol A 15A1ZF WA g & Z}ﬂ 7HAIA
B33 A (UV-9100, HUMAN, USA)olA 530 nmo.2 ZA4sta th Aol o] afo]
Axtsk AT,

O TBARS(mg of malonaldehyde / kg sample) = absorbance at 530 nm X 5.3

VBN(Z A 718 ) SA2 @li(1975)9] wgEhbie o]gste] Aldst A=
10 g& HalA =7 90 mle} 3 &38slal Homogenizer(T25, %38t Korea)ol A
14,000 rpm .2 537+ Homogenizing®t Tha o324 (Whatman No 1.)el oJ3}s}Qlc) A7) o
ol 3 mlE Conway unit 229 ¥War, WA= 0.01 N boric acid 1 ml¢} Conway reagent
50 nl(0.066% methyl red : bromocresol green/EtOH = 1 : 1)Z 312 "ol v} 743} 4
ZFELQ] 0] JBW] S vlEa 48 ¢S 3 50% Potassium carbonate(Ko:COs 50 g / D.W.
100 ml) 1 mlZ ﬂ“oﬂ T A EHARY. (& FAEF= 50% Potassium
carbonate %‘)”g o] el kA F=th) AR Conway unit 8715 FHOE RHA|
20 TS 35Coll A 12087+ 1] 3
ANEE ARG, AR

S 5
H,S0,9] %3} A|4-5 Fefar & o, o}

0.02 N sulfuric acid(H2SO4) = A €] boric acide] &=
> Al AANE b ml, ¥ A AAAZ a ml, 0.02N

Aol SJad VBNGE Aol

o ok

O VBN mg% (mg/100 g sample) = (a—b) X F(0.98) X 28 < 100/S(sample®] &)
O F: 0.02N — H,S0s XT3} A5 = o] &X] A
28 = 0.02 N— HySO; 1 ml 2X3t=d 283 N9 <,
Z} gai7) e o|gey A xA}

1) pH(s4x0]2A]<7)

7Fe3k vhel 59] pHe oF AW 55 AR F AEAR AR 10 g& SR
90 ml e} &7 Homogenizer (5938t T25)o]A 14,000 rpme= 10%7F 23 oL

pH—meter(pHM210 Standard pH Meter, Consort, BE/C835, France)® =73}3it}
2) S (Meat color)

Ao 745 g (superficial pectorial m.)¥} %9 -*(brachral biceps m.) 1#]il

[e) [e)

e
A7yo] thE2, 45 (biceps, quadriceps femoris m.)¥} H]&E-(gastrocnemius m.)¢] o
M2 0]83}e] Chroma meter(Minolta, JP/CR.300, Japan)Z A}g&3}e] Hunter #9 ™
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T (lightness)E& YWeERE L'z, AE M (redness)E YeEE  a'ztzt 3HA
(vellowness)ES YERH+= b3t 125 93] wheE SA5Fo] H 3k o] &35, o

l-ﬂ

_—

o] FFEALS ygkol 9240, xgkol 0.3136, ygtol 0.3196¢1 = AELY &
calibration plateE® XS % AE3le] St
3) 7FE 7= (Cooking loss) ¥ F & (Total water content)

7HE AES AIRE A ddste] dWe] 42 F ARE ¥ WS 4
Fa] FBo| ¥Yal Laboratory Film(Fara film, Menasha, USA)So. 2 A& FH
Aehs AeEgith 2Ed ARYFEE 70C FeFxe 3081 7thsta A
ol 1087F W7z 3 1,300 rpmoll Al 1087F AR S & FAS =AHs9
MRS v A 9l sho] /&%5‘}‘5\3}.

Cooking loss(%) = AN ZE-AaT X 100

TFEFFS FAd e FAE A F AIRE dASHA ddste] ik el
L2 S =5 =S Drying oven(t s+ H A, LDO—080N, Korea) ol A]
EoF AxAIZ] & 2 hrs, 1 hrs, 30 min, 15 minv}t} =4 )]
Hsh7E gls W] FXE SAY. Aio] EA FEF HEdAGE 713l o] Fs)
Ao Directer balance(XB220A, Precisa, swiss)olA 0.0009¢ 7+#] SA 3} ¢}

o

S, of

i

=

-

X

i

=
roAL 3o

255 S (W(%)) = % X 100

O HAYHFA =a, AEFA =b,a+b=c, FF 54 =d

SR 100 0% AEEYTH

5) 84 2 84 iz 2814 (Water and Salt soluble protein solubility)

gl d ol 8842 Saffler} Galbreath(1964)2] wWgol whehx Aot 484 duld
FEL A8 2 g FFF 12 nlE 71k Homogenlzer(T25 FU4E Korea) & AHE-
10,000 rpmol A 187F #438ta o] AL YAIE2]7](KR/Union 5KR, Hanil, Korea)oll A 2,450
rpm, Rotor code 1, &% 15Co|A Centrifugingslte] 5 AL FHal v|H ¥ v} &
Al 7 12 mlE ¥ol T Centrifuging 3+ F 35 & Fske] HI7dl 22 § 2
NS 7HA 3 Al Burret Al9F Z Burret Al9F @ FEHE 3 1 22 4lo] A9 -7AJA
FF A (UV-9100, HUMAN, USA)E ©]83}o] 540 nmoll4] =43}= Biuret ¥ (Cooper,
1977) 0% SAsI . 984 did 352 784 did FEE5 sl w3 Aol sdg
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THoR FH diAl NaClg 12 nl g
7]—%]57_ Biuret }‘] C—)—}zjq- %?j‘@— __[%_ X}ﬂ_7]_}\
o galE whld e mg go = Yehit)

=

O Biuret A12F = (CuSos H-0(3 g) + KOOCCH(OH) CH(OH) COONa 4H.0(9 g) +
0.2N NaOH(8 g) + Potassium iodine(K.1)(5 g))

O 0.2N NaOH 8 g< 1000 mlo] =<1 3 500 ml< w4 CuSos H.02F KOOCCH(OH)
CH(OH) COONa 4H, 05 =91 % vzl 500 mlo] L2=3FE<Q Potassium
iodine(K.I) 5 g& o 23 & 1 L& Azx3).

2 -21C Y& A3zt & A

= = o
I gF o)Al B4 A9 AN
6) oAt g

A3 AR 10 g2 S75 50ml ¢} &¢3e] Homogenizer(T25, %313t Korea) ol A
oF 1,400 rpmelld 58xF #2371 t}e- SlurryE Centrifuging(4,000 rpm/20 min) A A
Whatman No 2.2 oJZAIFtE AAZNel] 12% TCA solutions SHT2 22 5% 50
S H7MAA FJAAZ o daielA 1A JA A JAAdE AS 73S b=
A 371 99381 Centrifuging(4,000 rpm/20 min) A7l & AsNS FH7Zw 7] (Separatory
Funnel)ol] Yar, AF=olo)| Ethyl ether 50 mlE 7}te] TCAS} lipidE A|lAsH] Y8l 33
WHEste] sle-S AF=E3Iolt) ol 2A 3]t 3155 evaporator(40C) 2 FAIL Foll&
12% TCA solution ¥} Ethyl etherE 7S¢} AZste] FEAIZl & HF 3 mlet 0.2M
Lithium citrate loading buffer(pH 2.2) 7 mlZ 3AA1A 10 mlE W= 2 membrane
filter(0.45 m) = oJ3}s}e] 25 ofm| =ik £417] (Bioteck Biochrom 30, Pharmacia., UK)
],

1l |
of 40 nlE FYP3ke] A5G TE opv Al B8 Table 63 72 Z71olA] #4513}

Lot

Table 6. Operating conditions for the analysis of amino acid by amino acid analyzer

Item Condition
System Pharmacia bioteck boichrom 30, UK
Data analysis Amino acid analyzer
Injection volume 40 pl
Buffer Lithium citrate buffer
Temp. range Reaction coil : 40 to 145TC
Column 20 to 99T
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7) A e
A 2 Folch®W (1957)& o] &sto] =AW g sl AlAg A5 (A)
3 g(2A8]&7]F : 3.00£0.03 g)& 50 ml conical type FHo| Yi Folch 1 =3
solvent(Chloroform : methanol(2 : 1)) 15 mlE #7}gF v} Homogenizer(T25, & %3}
g}, Korea)E ©|&3}4 2,500 rpmolA 3%83F F 2 SA 7tk Homogenizerol] &2 X2 =
7S FolchI 5 mlE o]&3Fe] 50 ml conical type FHO| E& & #23E AlgoA =
Anpe] FEfo] b8 WA U w=E ab7] 9l 2A17F st Al WXt WA
s Id| <2 P A8 o 3% (Whatman No 1.)o] oA Z L, 50 ml

Golole AE@ 27w E3A7]7] Yall Folech I solvent 5 mlS 50
o

=

ZAF 5 mlge] 2ANE FEE 5% F vAdEH 0.88% NaClE & o] 1/3
= (methanol, &, NaCl)¥} 35 (2%, Chloroform)<
YAATE 22E 359 Eol(B)E 574% § Aspirator(VELL, JEOTECH, Korea)E
g3to] AAE EAHoR AJSHE welal sk (lipid layer) ¥ FH 33Tt lipid layer
2 10 ml(C)E dishell €3 Dry Oven(LDO—080N, thetse] =, Korea) 60°C o]0l A
304 5t Chloroform= 943 AZXAZLE AZFAZldish FAANA dishFAS w) Z=AW

FADE T3k

(

O ZAA% (%) = (D XB)/C/A X100

8) At =4

Chloroform®] &9Hs] a1 22t Yo Al—dishel] Methylene chloride(Dichloromethan) 1ml<-
A7Vele] AWS HojE 3 Teflono] B0l 20ml glass tube(with cap)oll &7 et
Dichloromethan. % AW =91 glass tubeo] 0.5N NaOH(in Methanol)S 1ml 7}
Heating Blockell 90CellA 103t 7k&dstal 7kdo] Eupd A2olA A& 42
BF;(Boron Trifloride Methanol Solution)E 1ml H7FA171 & thA] 90Coll A 1057 7143}
7o) A A2 4 A3 FT) Methylation®] £1 glass tube©l] Hexane 3ml&} &7/
8ml= @il VortexingS d5 & 44152 7](Hanil, KR/union 5KR)NIA AA1E-2](1,000rpm,
10min)E 530t 2ml Test tubeE FHISNA Na2Sods A% il (At FE8)0
A 1.5~2ml AFH k] Yo 1S A A% T A ] Syrigedl filtering(0.2/m filter)A]
71WA GCiEAE Vial'oll Wi —21CoA Rn¥s}
10ul Syringoll F3ste] GCol ¢ & A &
%718 Table 79} 2t}

YR e

443, Atk ofm GC 24
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Table 7. GG/MS

GC Agilent 6890

Column HP-5MS(30m>0.25m>0.25 pm)
Owven temperature 170 (3min) 15T 7 nin 20C {7Tmin)
Injection temperature 26071

MSD Agilent 5973

Interface temperature 26071

lorization voltage T0eV

Carrier gas Helflow rate : lmé/min)

2t A 4
Al 2 B 5SS EiA dojr HAHELS SAS package(2008)e] ANOVA
al

, Duncan's®] New multiple range testZ ©o]-&

2. 47 F3NE R 23
7k AEAE v] o8 #Ale] Fojol A& ALt
D) A=A AFo] Bl AR ® F2 vX= IF

7h AberE s Abse g

i oolg Agol WAL AxAL F el Arbwel Al A AdEst AR
A 7}7} Table 1—1, Table 1—2, Table 1—3¢4] B u}
of Aot AxA P v o8 AFolMAE FAAE] 0.0%, 1.5%, 3.0% R 4.5%F
A7F wol ahle o ARES AP 7ol ofxhe] Aolrh wE HUth HAH o=
AbehEol 83~91%9 WS FA o 1 o8 Aol WS Uk A9l

U sobAl= 7363—0]912 oAl Apel= AR H A Sk Y l5—(2003)% ala=s
]
=

KALE-S

—0—(2006)3 Okéwg VRS Alsd HT7bstel® Abehgol WSty } WAE}E_
ato] 2 Aol ARSI TH

N7 T AP FH TS Table 1-2014 B vlel o] AFx7]dE 2g] kol
2ol 7 gllov, Ald F7] o] FHEH AjFol MAS HUbek A9 AlRAFH T &
olF o7 4EATHp<0.05). L} AFR Q&S Table 1-3014 B npel o)
A kel Zpel7t gldnh. Ab@AALE ] G HIbe AlRAAFH S FojrmAn(aL
5,2005)aL gk 9 ERe-HS HUbshH AR AFH Fol fHAasiivh (A F, 2002)aL &
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of H7 AS] TRl wet AT Aol7t vEhE
AR 77 Fow ALEAH % B
O ZM Atz oA 7FE

Table 1—1. Effects of dietary dehydrated Pleurotus eryngii on egg
production rate(%)

Week
Treatment D
1 2 3 4 5 6 7
o} 86.3+1.6°°  88.0%1.4 90.0+0.8 85.3+1.1 837434 ° 86716 85.0+1.8 °
T1 85.0£2.0°  87.3:3.1  88.7#3.1  88.0+4.4  89.0+3.5°" 88.5%45  90.04£3.9 >
T2 90.3+1.8°2 91.5+2.8 88.8+3.9 89.0+3.3 88.314.4%>  91.0%3.2 90.0£5.0 2
T3 86.3+05°°  87.0+2.3 92.0+0.4 88.0+0.9 91.0£2.9 2  90.3%2.7 86.0+1.5 °

abed : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
D C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngii, T3, 5% Pleurotus eryngii

Table 1—2. Effects of dietary dehydrated Pleurotus eryngii on feed

intake(g/hen/d)
Week
"Preatment 1)
1 2 3 4 5 6 7
C 1277430° 1255450  1223+39° 137.8+16% 1306433°% 1227+23°% 1324417 °
T1 1214434 1252488  124.3409° 1265423° 121.1419° 1129+44° 1160439 °
T2 106455° 121422  1247+11%  1262422° 1171208°  1191+48°  120039°
T3 1230439° 1203426  126.8+13° 1310424° 1211#34° 1211416° 12894092

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii. T2, 3% Pleurotus eryngil, T3, 5% Pleurotus eryngii

Table 1—3. Effects of dietary dehydrated Pleurotus eryngii on feed

conversion(feed/egg mass)

D Week
Treatment
1 2 3 4 5 6 7
C 2.37+0.08 2.2540.07 2.10£0.02 2.56+0.06 2.37+0.11 2.21£0.06 2.45+0.08
T1 2.26+0.14 2.20+0.18 2.2410.11 2.31+0.16 2.17+0.09 2.0040.14 2.10+0.16
T2 2.15+0.08 2.17+0.04 2.26+0.12 2.26+0.09 2.07+0.11 2.1940.13 2.21+0.12
T3 2.29+0.03 2.34+0.06 2.20£0.02 2.39+0.07 2.16+0.11 2.17£0.09 2.45+0.06

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngit, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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W) Al Bl mAdE 2 AR W 7
Az 7] o] & AjFol WAl H7F Fo] Al AbgAle] WA WEE 5 HdAd Al
A=) = Table 1-49F 21, A& WA EES Table 1-50]4 ®H=
uke} 2ok W W Salmonellad-5= C, T1, T2, T3 242t 4.930, 4.867, 4.822, 0.546.0.
2 AxAg AEolHA 5%39s A9 oA om Ikt (p<0.05). Sl E coli
TE AFOIHA 3%TE o/ Fol Al fFejH o g wdth(p, 0.05). BYd MAE
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R fFAES 3ol B9 7o AUl fEll Al E AAAA YR FTFE F
Al 3™ (Tonkinson et al, 1965), W22 S 7§ A1 71t (Thayer et al, 1978)3L 3} T}
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g 4 drkar Als R
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o} 7} AN frafatoll ot WAt R R Aln HIUMAR GRS AN & F
W W5y AES 84 (Nahason et al., 1994), Alg2a8 2 =2 7§ X (Tortuero
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Table 1—4. Effects of dietary dehydrated Pleurotus eryngii on Salmonella
and E. coli in cecal contents of laying hen(logl0 cfu/g contents)

Treatment Satmonella E. Coli
C 4.930+0.033°% 4.966+0.027°
T1 4.867+0.021% 4.929%0.008%
T2 4.822+0.028° 4.513+0.040°
T3 4.546+0.048° 4.387+0.027°

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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Table 1—5. Effects of dietary dehydrated Pleurotus eryngii on NH3 emission
in layer excreta(ppm)

1 Days
Treatment
0 1 3 6 9 12 15
C 13.8+1.2%  13.2+1.1 10224101%  203.3+7.3% 22224195  13L1+107° 447457
T1 13.740.9%  14.9%1.2 101.1£7.4° 20224134  216.7453°  1111+48% 49828
T2 13.2£0.7%  14.4%1.3 93.3+6.0°  2000+17.0°  170446.6° 1233453  40.4%1.9
b b b c b
T3 9.0+1.7 9.8+0.5 47.8+3.2 93.6+3.6 135.146.9 104.443.4 38.4+3.7

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii

oh) Aol o3 F2

AP vlo]& /«H l WA H7bge] A Wzber dgo] tidk @3t Table
1—-63} Table 1-79 Z+z} A8 G221 #7454
A o]

goluz Amel GEe Ae F Aol
2 GeilA e, 2 Aol BAS Fold A4St ko] da glojx
= Aol g,

Hos2 dAA oz & uf 61~65g WA FEsEAL ok Az Ae] o] AjFo] W
NS Foldl 79 353 o] FTHE] UEo] tha A9 X]{— ko T/P Nahashon et

chol ) DAL ANNZ AAEA B A vmmz e},

Table 1—6. Effects of dietary dehydrated Pleurotus eryngii on shell colour

index(%)
" Week
Treatment
1 2 3 4 5 6 7
b b b
C 28.4+1.01 27.8+£0.77 29.7+0.81 29.6£0.81 29.7+0.83 32.0+0.88 31.0+1.11
b b b
T1 30.4+1.07° 28.3%0.75 31.80.74 31.940.83 31.6+110° 321£0.91 32.3+1.04%
a a a
T2 32.0£0.75 28.0£0.64 31.340.71 31.8+0.79 34.0£0.90 32.1+0.72 34.4%1.14
b b b
T3 30.540.67° 26.8+0.78 30.840.69 30.0£0.90 32.0£1.00° 32.7+0.79 30.2+0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngit, T2, 3% Pleurotus eryngit, T3, 5% Pleurotus eryngii
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Table 1-—7. Effects of dietary dehydrated Pleurotus eryngii on egg

weight(g)
" Week
Treatment
1 2 3 4 5 6 7
b b
C 61.6+1.01 b 63.6+0.77 62.9+0.81 b 62.5+0.81 63.5+0.83 63.7+0.88" 62.5+1.11
b b b
T1 61.9+1.07 63.3+0.75 63.7£0.74" 63.6+0.83 63.9£1.10 64.7+0.91° 64.8+1.04 °
b b b b
T2 62.740.75° 63.310.64  63.4£0.71° 62.9£0.79 63.5£0.90  63.0+0.72 631+1.14°
a a a ab
T3 64.1£0.67 35.340.78 65.0£0.69 63.9£0.90 65.1+1.00 65.3£0.79 64.240.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngit, T2, 3% Pleurotus eryngit, T3, 5% Pleurotus eryngii
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Table 1 Effects of dietary dehydrated Pleurotus eryngii on albumen
height(mm)
" Week
Treatment

1 2 3 4 5 6 7

C 90.36£1.01 0 9.49£0.77 9.19+0.81 926081 © 9313083 0  926+088 ©  8.93+1.11

T1 9.9541.07 °  9.79%0.75 9.48+0.74 051:0.83%  0.38+110°° 971091 %  8.86+1.04

T2 0.04£0.75 ©  9.71+0.64 9.32+0.71 0.64£0.79 ¢ 0.38+0.90%°  9.66£072 °  9.21+1.14

T3 9.66£0.67°°  9.7740.78 9.45:£0.69 9.644£0.90 ©  0.60£1.00 a  9.73£0.79 °  9.41£0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngit, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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Table 1-—9. Effects of dietary dehydrated Pleurotus eryngii on Haugh

units(HU)
" Week
Treatment
1 2 3 4 5 6 7

C 95.7+1.01 b 95.2+0.77 94.1+0.81 95.240.81 95.2io.asab 95.0+0.88 93.4+1.11
b b

T1 97.1£1.07° 97.2+0.75 95.3+0.74 95.8+0.83 96.0+1.10° 96.2+0.91 94.4+1.04
b

T2 97.5£0.75 ° 96.7+0.64 95.1£0.71 96.8+0.79 94.7£0.90 96.4%0.72 95.8+1.14
ab a

T3 97.0£0.67 96.8+0.78 96.4£0.69 96.7+0.90 97.0£1.00 96.4%0.79 96.0£0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngit, T2, 3% Pleurotus eryngit, T3, 5% Pleurotus eryngii

Table 1—10. Effects of dietary dehydrated Pleurotus eryngii on yolk colour

index(Roche)
D Week
Treatment
1 2 3 4 5 6 7
a ab a a a
C 10.4+1.01 10.4£0.77 10.2+0.81 10.3+0.81 10.040.83 10.1+0.88 9.8+1.11
b b b b
T1 10.5£1.07 ° 10.6£0.76  10.2+0.74" 10.140.83 9.7+1.10° 9.8+0.91° 9.6+1.04"
b b b
T2 10.3£0.75 ° 10.5£0.64  10.6+0.71 ° 10.240.79 9.8+0.90° 9.60.72 9.2+1.14
b b b b ab
T3 10.040.67 10.3+0.78  101%0.69 10:140.90 9.61.00 9.6+0.79 9.60.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii

oh) el A
AzA Ago] A 7o A Ael 4 uAE, dAUE, BT 247 Table

1-11, Table 1—12, Table 1-13¢ Yel At HAH o2 & o gz ol vt
Ao A GzhFoe] FHa, HAEETE o, GEAVE FAYNAE AEFS
HATH(p<0.05). o]# g A& AFo] HAS Foleta 4574 FE Yo, Jo
T ol Zol7t §lv AoZ Btk § 5(2001)2 $HefAl FAkE HIbgo] Al
G E Y Gz A O] §-9 3¢ Aol 5 W EA] et e, A 5(2006)
T EAE JhERAEY] " o] AFoA e AaE D RE B AF A
A7)zl AA A4S zto]lE= HolA kot Aol WALl Hrbgolol oste]
7ol A oAx & FAdsitia AlsET
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Table 1—11. Effects of dietary dehydrated Pleurotus eryngii on shell
weight(g)

Treatment Week
v 1 2 3 4 5 6 7
C 578101 °  5.75£0.77 5731081 579081 °  5.94+0.83 5.88£0.88  5.80+111
T1 579107 0 5.77£0.75 5.76£074  5.94£0.83°  5.96+1.10 6.10£0.91  6.2241.04 °
T2 5.88£0.75°°  5.87+0.64 5.88£0.71  5.88£0.79°°  5.92+0.90 6.0840.72 6184114 °
T3 6.06+0.67 ° 5.9240.78 5934060  6.06£0.90 ©  6.0241.00 6.00£0.79  6.26£0.90 °

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngii. T2, 3% Pleurotus eryngil, T3, 5% Pleurotus eryngii

Table 1—12. Effects of dietary dehydrated Pleurotus eryngii on shell
density (mg/cm2)
Week
Treatment D
1 2 3 4 5 6 7
c b b c b b c
79.6+1.01 77.0£0.77 77.20.81 78.620.81 79.60.83 79.040.88 79.5+111

T1 8194107 ° 7928075 °  79.0£074°C  81.8+083 >  81.4%1.10 8264091 °  82.2+1.04
T2 8174075 ©  80.7£0.64 © 8154071 ° 8174079 ©  §1.0£0.90  83.240.72 °  84.9+114 °
T3 83.3+0.67 ° 804078 °  80.9+069°°  82.0£0.90 °  81.3+1.00 8242079 83.7£0.90%

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)

1) C, none; T1, 1% Pleurotus eryngii. T2, 3% Pleurotus eryngil, T3, 5% Pleurotus eryngii

Table 1—13. Effects of dietary dehydrated Pleurotus eryngii on shell

thickness(m)
" Week
Treatment
1 2 3 4 5 6 7

C 35474101 ° 348241017  3516+1.01%°  360.6+1.01 ° 36164101 36152101 0  359.0+1.01
T1 360.241.07°° 35174107 °  350.8+1.07 © 37284107 ° 36884107  376.6+1.07 °  379.3+1.07 2
T2 360.8£0.76°°  363.3£0.75 °  360.940.75°° 3738075 °  366.7£0.75  369.9+076%°  381.840.75
T3 368.4+0.67 ©  366.9+0.67 °  362.4+0.67 ©  376.40.67 °  370.4%0.67  3741%0.67 °  375.4%0.67 °

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngit, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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Table 1—14. Effects of dietary dehydrated Pleurotus eryngii on the change
of albumen height during the storage of eggs(mm)

" Week
Treatment
1 2 3
A bB c
C 6.92+1.01 5.67+0.77 4.35+0.81 ©
A bB
T1 6.27+1.07 5.90+0.75 5.12+0.74
A ibB BC
T2 6.780.75 6.18:£0.64" 5.17+0.71
A aA aB
T3 6.41£0.67 6.55£0.78 5.76£0.69

a,b,c,d :Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngit, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii

Table 1—15. Effects of dietary dehydrated Pleurotus eryngii on the change
of Haugh units during the storage of eggs(HU)

D Week
Treatment
1 2 3

A bB

C 78.0+1.01 69.5£0.77 60.9+0.81 cC
A bB

T1 80.3+1.07 71.0£0.75° g6.8+0.74 P
A bB

T2 82.0+0.75 72.1£0.64° 67.2+0.71°PC
A B B

T3 81.9:£0.67 741+0.78 ° 71.6£0.69

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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Table 1—16. Effects of dietary dehydrated Plammulina velutipes on egg
production rate(%)
Week
Treatment EY)
1 2 3 4 5 6 7
C 85.0+0.6 86.5+1.0 87.02.4 89.3+1.3 89.0x2.5 86.8+1.9 87.0+3.1
T1 84.8+3.4 88.8+1.9 86.8+t1.3 86.3+3.2 87.0£3.7 86.8+2.7 88.3+2.5
T2 82.3+2.4 86.0+3.1 88.5+2.4 89.3+1.5 85.5+3.2 89.0+2.3 86.8+2.4
T3 87.02.9 87.56+2.3 86.5+2.3 88.3t2.5 87.8+3.4 86.8+2.7 86.8+5.3

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 1-—17. Effects of dietary dehydrated Plammulina velutipes on feed

intake (g/hen/d)
) Week
Treatment
1 2 3 4 5 6 7
a a
C 127.3+0.6 134.240.3 136.5+£0.6 136.7+0.8 134.2+1.0 138.8+0.7 137.5+1.1
b
T1 129.1+0.3 135.2+1.5 134.2+1.6 1301+1.4 130.1+1.4 133.2+1.3 132.4+1.4
b a a
T2 131.9+3.8 136.2+1.0 134.2+24 138.7+3.4 130.6+2.4 140.640.9 133.4+3.3
a a a
T3 130.9+2.1 139.8+1.1 138.5+1.1 134.2+1.3 134.7+£1.8 139.3+2.9 136.2+1.5

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 1-—18. Effects of dietary dehydrated Plammulina velutipes on feed
conversion(feed/egg mass)
Thotmens ¥ Week
1 2 3 4 5 6 7
C 2.28+0.02 2.37+£0.03 2.40+0.07 2.341+0.05 2.30+£0.07 2.44+0.05 2.42+0.08
T1 2.34+£0.10 2.33+0.07 2.36+0.03 2.31+0.08 2.29+0.09 2.35+0.06 2.30%£0.07
T2 2.49+0.12 2.46+0.09 2.34+0.03 2.32+0.08 2.37£0.05 2.4410.06 2.391+0.11
T3 2.32+0.05 2.46+0.07 2.47+0.06 2.34+0.06 2.37£0.11 2.471£0.07 2.431+0.14

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 1-19. Effects of dietary dehydrated Plammulina velutipes on
Salmonella and E. coli in cecal contents of laying hen(logl0
cfu/g contents)
Treatment Salmonella E. Coli
C 4.959+0.014% 4.689+0.026%
Tl 4.744+0.017° 4.529+0.003"
T2 4.546+0.048° 4.387+0.027°
T3 4.535+0.029° 4.188+0.040¢

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 1—20. Effects of dietary dehydrated Plammulina velutipes on NH3

emission in layer excreta(ppm)

1 Days
Treatment
0 1 3 6 9 12 15
bc 53b a a
C 10.41.2 8.7+1.1 124.4317.0 1344473 211149, 135.6£10.7 46.945.7
T1 104409 124122 1156474 138.0+134 24444532  148.944.8° 44.642.8°
T2 116407  11.2+1.3%™  108.9+6.0 1344232  2144166™ 82.2+5.3" 44.2+1.9°
T3 10.2+1.7 71405 ¢ 11064101 132.2436 1911469 ° 78.9+3.4° 19.4+3.7°

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 1—21. Effects of dietary dehydrated Plammulina velutipeson  shell
colour index(%)

" Week
Treatment
1 2 3 4 5 6 7

C 32.1£+1.01 25.940.77 27.5+0.81 b 28.7£0.81 30.12£0.90 32.9+0.79 ° 25.9+1.11

T1 b ab bc
32.3+1.07 26.5+0.75 27.0£0.74 29.2+0.83 28.9+1.10 29.2+0.91 26.8+1.04

b b b
T2 31.5+0.75 26.910.64 27.8+0.71 29.7+0.79 26.8+0.83 30.2+0.72 28.0+1.14

a ab c
T3 31.8+0.67 26.5+0.78 29.9+0.69 30.6+0.90 28.5%1.00 27.8+0.88 27.0+0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 1—22. Effects of dietary dehydrated Plammulina velutipes on  egg
weight(g)
" Week
Treatment

1 2 3 4 5 6 7

C 65.5+1.01 b 65.0£0.77 b 65.3+0.81 65.340.81 65.7+0.83 64.8+0.88 b 65.9£1.11

T1 66.4+1.07°°  67.0£0.75 °  65.740.74 66.7+0.83 67.7+1.10 67.44091 °  66.7+1.04

T2 6744075 66.0£0.64%°  66.5£0.71 66.80.79 67.540.90 6584072 6614114

T3 681£0.67 °  65.940.78°°  66.8+0.69 66.7+£0.90 67.3+1.00 67.240.79 ©  66.0£0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 1-—23. Effects of dietary dehydrated Plammulina velutipes on
albumen height(mm)
" Week
Treatment

1 2 3 4 5 6 7

C 9.567+1.01 8.93+0.77 a 8.83+0.81 8.12+0.81 b 8.560+1.00 8.68+0.88 8.29+0.90 ¢

T1 916+1.07  8.66£075°0 8753074  8.35:0.83°°  8.45+1.10 8.57£0.91 9.10+1.04 2

T2 9.36+0.75 8.371£0.64 b 8.96+0.71 8.06+0.79 b 8.55+0.90 8.65+0.72 8.49:t1.14bc

T3 9.26+0.67 8.58:t0.783b 8.68+0.69 8.831+0.90 a 8.82+0.83 8.70+0.79 8.84:t1.1lab

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 1—24. Effects of dietary dehydrated Plammulina velutipes on Haugh

units(HU)
" Week
Treatment
1 2 3 4 5 6 7
C b b
92.241.01 90.1+0.77 90.6+0.81 86.0+0.81 88.9+1.00 91.0+0.88 86.9+0.90
b
T1 92.8+1.07 88.5+0.75 90.2+0.74 86.6+0.83 88.2+1.10 91.240.91 92.3+1.04 °
b
T2 93.0£0.75 88.7+0.64 92.240.71 86.4+0.79 90.6+0.90 90.8+0.72 90.2+1.14 2
a a
T3 91.9+0.67 90.0+0.78 90.9+0.69 90.3+0.90 91.0+0.83 90.2+0.79 91.0+1.11

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 1—25. Effects of dietary dehydrated Plammulina velutipes on yolk
colour index(Roche)

" Week
‘Treatment
1 2 3 4 5 6 7

C 9.18+1.01 9.23+0.77 ° 9.38+0.81 9.33%0.81 9.20+0.83 9.28+0.88 ° 9.10+1.11

b
T1 9.18+1.07 9.30£0.75 ° 9.50+0.74 9.25+0.83 9.18+1.10 8.93+0.91 9.08+1.04

T2 ab ab
9.25%0.75 9.08+0.64 9.55+0.71 9.28+0.79 9.25+0.90 9.13£0.72 9.10+1.14

T3 b ab
9.40£0.67 8.98+0.78 9.45+0.69 9.20+0.90 9.08+1.00 9.03+0.79 8.98+0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 1—26. Effects of dietary dehydrated Plammulina velutipes on shell

weight(g)
D Week
Treatment
1 2 3 4 5 6 7
c b b
C 5.6841.01 6.02£0.77 6.11£0.81 6.05+0.81 6.09+0.83 5.93+0.88 5.97+1.11
bc a ab
T1 5.87+1.07 6.26+0.75 6.11+0.74 6.01+0.83 6.19+1.10 5.98+0.91 6.01+1.04
T2 ab a b
5.9840.75 6.26+0.64 6.19£0.71 6.04+0.79 6.11£0.90 5.87+0.72 5.98+1.14
a a a
T3 6.14£0.67 6.41£0.78 6.25+0.69 6.10£0.90 6.21+1.00 6.16£0.79 6.01£0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
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1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 1—27. Effects of dietary dehydrated Plammulina velutipes on  shell

density(mg/cm2)
" Week
‘Treatment
1 2 3 4 5 6 7
b c b b b b b
C 74.1%+1.01 78.1+0.77 76.9+0.81 77.1£0.81 77.5+0.83 77.4+0.88 76.4+1.11
a b a a a ab a
T1 77.6£1.07 81.8+0.75 80.2+0.74 79.6+0.83 81.6+1.10 79.3+0.91 78.8+1.04
a ab a a a ab a
T2 77.3+0.75 82.4+0.64 81.4+0.71 80.2+0.79 79.7+0.90 79.5+0.72 79.4+1.14
T3 7784067 ©  84.2+0.78 °  81.1+0.69 ©  80.7£0.90 °  81.7+1.00 °  79.7+079 °  79.9+0.90 °

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 1—28. Effects of dietary dehydrated Plammulina velutipes on  shell

thickness(1m)
D Week
Treatment
1 2 3 4 5 6 7
b c b b
C 331.24+1.01 350.3+£1.01 358.8+1.01 349.0+1.01 353.711.01 352.6+1.01 346.0+1.01
a bc ab ab
T1 349.3+1.07 357.7+1.07 366.1+1.07 353.3+1.07 360.0+1.07 361.2+1.07 349.5+1.07
T2 a ab ab a
344.0+0.75 366.9+0.75 366.3+0.76 357.3+0.75 368.2+0.75 367.6+0.76 352.9£0.75
a a a a
T3 351.0+0.67 371.6+0.67 361.8+0.67 362.6+0.67 367.6+0.67 361.2+0.67 361.6+0.67

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 2—1. Effects of dietary fermented Pleurotus eryngii on egg production

rate(%)
) Week
Treatment )
1 2 3 4 5 6 7

b b b b

C 74.8+3.8 89.5%3.5 93.0£4.0 89.5+3.5 103.5£10.7 93.0+04.0 93.0%4.0
ab b a a

T1 75.0+£1.1 78.8%+7.3 78.5+£9.3 71.5+8.4 85.8+5.9 96.5+3.5 82.3+£9.0
b a a a

T2 60.8+9.0 78.5+9.3 82.3+3.8  82.0+10.8 93.0+4.0 96.5+3.5 89.3%£6.9
a b a ab

T3 71.0£0.0 89.3%6.9 89.6+3.5  86.0+0.0 107.0+4.0 93.0+4.0 96.5%3.5

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii. T2, 3% Pleurotus eryngil, T3, 5% Pleurotus eryngii

Table 2—2. Effects of dietary fermented Pleurotus eryngii on feed

intake (g/hen/d)b
5 Week
Treatment
1 2 3 4 5 6 7
C 100.0+5.9 82.5+23.3 119.7+6.1 1250441 1163+ 14 124.1+2.3 137.0+£4.7
T1 91.3%6.0 103.1+4.1 112.7+8.3 130.6£9.9 1404+ 7.2 ° 132.5+14.4 133.6£12.6
T2 88.1%6.9 115.4%6.6 123.245.7 130.246.5  106.2+28.6 ° 119.1+10.6 128.4%9.2
T3 100.6+4.2 111.4%1.9 123.243.7 128.148.5 1292+ 95 127.7425.4 122.74£16.9

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngii. T2, 3% Pleurotus eryngil, T3, 5% Pleurotus eryngii

Table 2—3. Effects of dietary fermented Pleurotus eryngii on feed
conversion(feed/egg mass)

D Week
Treatment
1 2 3 4 5 6 7
C 1.87+0.16 2.00+0.12 2.09+0.06 2.27+0.10 2.02:t0.223b 2.18+0.13 2.40+0.16
T1 1.64+0.23 2.00+0.16 2.27+£0.41 2.91+0.53 2.50+0.27 a 2.07+0.27 2.57+0.45
T2 2.07+0.36 2.38+0.26 2.35+0.03 2.569+0.30 2.05:t0.53ab 1.92+0.12 2.40%0.13
T3 1.87+0.08 1.96+0.15 2.14+0.07 2.31+0.15 1.78+0.20 b 2.0910.35 1.96+0.23

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii

- 154 -



) A o) A
WA Aol MA A7k o] A I As el Wk Table 2-4 S Table
2-5el A STk Ao GREAS Uehis Wtz o] da Aol wAl
g zAgE vk gzbe] EE T1gh T2ol A tha delxon
o vy AL wolx gl

)
tha TAE

Table 2—4. Effects of dietary fermented Pleurotus eryngii on shell colour

index(%)
" Week
Treatment
1 2 3 4 5 6 7

b

C 28.4+1.01 b 27.8+£0.77 29.7+0.81 29.6£0.81 29.7+0.83 b 32.0+0.88 31.0+1.11
b b b

T1 30.4+1.07° 28.3+0.75 31.8+0.74 31.9+0.83 31.641.10° 32.1+0.91 32.3+1.04"
T2 32.0£0.75 °  28.0£0.64 31.3£0.71 31.840.79 34.0£0.90 °  321%0.72 3444114 2
ab ab b

T3 30.5£0.67 26.8+0.78 30.840.69 30.0£0.90 32.0£1.00 32.7+0.79 30.2+0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngit, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii

Table 2-—5. Effects of dietary dehydrated Pleurotus eryngii on egg

weight(g)
D Week
Treatment
1 2 3 4 5 6 7
b b ab b
C 61.6£1.01 63.6+0.77 62.9+0.81 62.5£0.81 63.5+0.83 63.7+0.88 62.5+1.11
b ab ab
T1 61.9+1.07 63.3+0.75 63.7+0.74 63.6+0.83 63.9+1.10 64.7+0.91 64.8+1.04 a
b b b b
T2 62.7£0.75° 63.3+0.64 63.4£0.71° 62.9+0.79 63.5+£0.90 63.0+£0.72 63.1+1.14°
T3 a a a ab
64.1+0.67 35.3+0.78 65.0+0.69 63.9+0.90 65.1+1.00 65.3+0.79 64.2+0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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Table 2—6. Effects of dietary fermented Pleurotus eryngii on albumen

height(mm)
D Week
Treatment
1 2 3 4 5 6 7
b b b b
C 9.36+1.01 0494077 ° 919081 9.2620.81 9.31£0.83 9.26+0.88 8.86+1.04
b
T1 9.05£1.07 2 979075 *  9.48+0.74 051£083%°  9.38+1.10%° 971091 % 893111
b
T2 90.04£0.75 ©  9.71+0.64 °  9.32+0.71 9.6440.79 °  9.38£0.90°°  9.66£0.72 °  9.21%1.14 °
b
T3 9.66+0.67° 9.7740.78 ©  9.45+0.69 9.6440.90 °  09.69+1.00 °  9.73£0.79 °  9.41%0.90 °

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii

Table 2-7. Effects of dietary dehydrated Pleurotus eryngii on Haugh

units (HU)
" Week
‘Treatment
1 2 3 4 5 6 7
b b
C 95.7+1.01 95.2+0.77 94.1+0.81 95.240.81 95.2+0.83" 95.0+0.88 93.4+1.11
b b
T1 971%1.07° 97.240.75 95.3+0.74 95.8+0.83 96.0+1.10° 96.20.91 94.4%1.04
a b
T2 97.5£0.75 96.7+0.64 95.1£0.71 96.8+0.79 94.7£0.90 96.4%0.72 95.8+1.14
T3 97.0i0.67ab 96.8+0.78 96.4+0.69 96.7+0.90 97.0+1.00 * 96.4%0.79 96.0£0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii. T2, 3% Pleurotus eryngil, T3, 5% Pleurotus eryngii

Table 2—8. Effects of dietary fermented Pleurotus eryngii on yolk colour

index(Roche)
D Week
Treatment
1 2 3 4 5 6 7

a ab a a a

C 10.4+1.01 10.4£0.77 10.2+0.81 10.3+0.81 10.040.83 10.1+0.88 9.8+1.11
b b

T1 10.5+£1.07 ° 10.6£0.75 10.210.74ab 10.1£0.83 9.7i1.10ab 9.8+0.91° 9.6+1.04"
a a ab b b

T2 10.3+0.75 10.5+0.64 10.6+0.71 10.2+0.79 9.8+0.90 9.6+0.72 9.2+1.14
b b

T3 10.0£0.67 b 10.3+0.78 10.1+0.69 b 10.1£0.90 9.6£1.00 b 9.6+0.79 9.6+0.90°
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a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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Table 2-—9. Effects of dietary fermented Pleurotus eryngii on shell

weight(g)
" Week
Treatment
1 2 3 4 5 6 7
b
C 5.78+1.01 5.75£0.77 5.73:0.81  5.79+0.81 5.9410.83 5.8840.88  5.80+1.11
b ab a
T1 5.79+1.07 B.77+0.75 5.76£0.74  b5.94%0.83 5.9621.10 6.10£0.91  6.22+1.04
b b
T2 5.880.75° 5.87+0.64 5.88£0.71  5.88+0.79° 5.9240.90 6.08£0.72  6.18+114 °
a a a
T3 6.0620.67 5.92+0.78 5.93£0.69  6.06+£0.90 6.0241.00 6.00£0.79  6.2620.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngii. T2, 3% Pleurotus eryngil, T3, 5% Pleurotus eryngii

Table 2—10. Effects of dietary fermented Pleurotus eryngii on shell

density (mg/cm2)
D Week
Treatment
1 2 3 4 5 6 7
b b b b
C 79.6+1.01 77.0£0.77 7724081 ©  78.60.81 79.60.83 79.040.88 79.5¢1.11 ©
a a bc a a b
T1 81.9+1.07 79.2+0.75 79.0+0.74 81.8+0.83 81.4+1.10 82.6+0.91 82.2+1.04
T2 81.7+0.75 ©  80.7+0.64 ©  8L5*0.71 °  8L7+0.79 ° 81.00.90 83.240.72 °  84.9+1.14 °
a a ab a a ab
T3 83.3+0.67 80.4+0.78 80.940.69 82.04£0.90 81.3+1.00 82.4+0.79 83.740.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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Table 2—11. Effects of dietary fermented Pleurotus eryngii on shell

thickness (m)
" Week
Treatment
1 2 3 4 5 6 7
b b b b
C 354.7+1.01 348.2+1.01 3516+1.01%°  359.6+1.01 361.6+1.01  361.5+1.01 359.0+1.01
ab b b a a a
T1 360.2+1.07 351.7+1.07 350.8+1.07 372.8+1.07 368.8+1.07  376.6£1.07 379.3+1.07
b b b
T2 360.8£0.75°°  363.310.75 °  360.9+0.75°°  373.8£0.75 ° 36674075  369.9+0.75 381.8+0.75 °
a a a a a a
T3 368.4£0.67 366.9+0.67 362.4£0.67 376.4+0.67 37044067  374.1+0.67 375.4£0.67

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngii. T2, 3% Pleurotus eryngil, T3, 5% Pleurotus eryngii
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Table 2—12. Effects of dietary fermented Pleurotus eryngii on Blood spot(%)

" Week
‘Treatment
1 2 3 4 5 6 7

b

C 15.0+1.01 5.040.77 10.0+0.81 5.0£0.81° 8.0+0.83 0.0+0.88 10.0+1.11
b

T1 13.0%1.07 15.0%0.75 10.0+0.74 0.0+0.83 3.0+1.10 5.0+0.91 5.041.04
a

T2 10.0%0.75 8.0£0.64 10.0£0.71 13.040.79 5.0£0.90 5.0£0.72 0.0+1.14
b

T3 10.00.67 13.0£0.78 10.0+0.69 3.0+0.90° 0.0+1.00 8.0+0.79 10.0+0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii. T2, 3% Pleurotus eryngil, T3, 5% Pleurotus eryngii

Table 2—13. Effects of dietary fermented Pleurotus eryngii on Meat spot(%)

D Week
Treatment
1 2 3 4 5 6 7

b a
C 5.0+1.01 0.0£0.77 5.0£0.81 3.0£0.81 10.0£0.83 8.0+0.88 15.0+1.11

T1 b ab
0.0£1.07 0.0£0.75 3.0£0.74 8.0+0.83 5.0£1.10 5.0£0.91 16.0£1.04

T2 a ab
3.0+0.75 8.0+0.64 3.0£0.71 3.0£0.79 3.0£0.90 10.0£0.72 0.0+1.14

T3 b b
3.0£0.67 0.0£0.78 0.0£0.69 0.0£0.90 0.0£1.00 3.0£0.79 15.0£0.90

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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Table 2—14. Effects of dietary fermented Pleurotus eryngii on the change of
albumen height during the storage of eggs

" Week
Treatment

1 2 3 4
A B B bC

C 8.56+1.01 5.53+0.77 5.41+0.81 4.18+0.81
A B B aC

T1 8.63+1.07 5.97+0.75 5.60+0.74 4.9240.74
A B B c

T2 8.46+0.75 6.06£0.64 5.69+0.71 5.08+0.71 °

A B BC aC

T3 8.48+0.67 6.00£0.78 5.72+0.69 5.21£0.69

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Pleurotus eryngit, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii

Table 2—15. Effects of dietary fermented Pleurotus eryngii on the change of
Haugh units during the storage of eggs

» Week
Treatment

1 2 3 4
A B B BC

C 88.8+1.01 70.9+0.77 69.7+0.81 59.8+0.81
A B B aC

T1 88.8+1.07 72.240.75 71.840.74 64.940.74
A B B aC

T2 89.2+0.75 72.8+0.64 73.0£0.71 65.1£0.71
A B B aC

T3 87.9+0.67 74.8+0.78 74.4+0.69 69.5+0.69

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Pleurotus eryngii, T2, 3% Pleurotus eryngi, T3, 5% Pleurotus eryngii
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Table 2—16. Effects of dietary fermented  Plammulina velutipes on egg

production rate(%)

» Week
Treatment
1 2 3 4 5
C 71.4% 8.3 76.2% 9.5 95.2+4.8 95.2+ 4.8 90.5% 9.5
T1 71.4% 0.0 75.2+12.4 90.0£0.0 78.6+12.4 92.9+ 4.1
T2 71.4% 8.3 85.7+ 8.3 80.9+4.8 90.5+ 9.5 90.5+ 4.8
T3 75.7+ 8.3 76.2% 4.8 90.5+9.5 85.7+ 8.3 85.7+ 8.3
T4 71.4% 0.0 78.1% 8.3 90.5+4.8 80.9% 9.5 80.9+12.6
T5 79.4£19.0 85.7+ 0.0 90.5+9.5 95.2+ 4.8 90.5+ 4.8

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 2—17. Effects of dietary fermented  Plammulina velutipes on feed

intake (g/hen/d)
N Week
Treatment
1 2 3 4 5
(o} 134.2+1.6 132.1+£2.5 b 139.6+2.0 141.0+1.6 146.7+3.3
Tl 141.8+1.7 146.2+4.4 ° 147.0£0.4 138.341.1 1441414
T2 135.1+2.8 136_0:t1_1ab 139.2+0.6 131.9+1.1 137.4+0.8
T3 135.8+1.7 138.9+4.4%° 141.3+0.4 136.741.1 143.641.4
T4 135.442.8 1331411 146.0£0.6 14254111 149.440.8
TS 133.9+2.0 136.5:t1.33b 146.2+0.6 141.7£1.5 146.2+1.7

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 2—18. Effects of dietary fermented Plammulina velutipes on feed
conversion(feed/egg mass)

Week
Treatment ¥
1 2 3 4 5
C 2.91+0.35 2.80+0.38 2.26+0.14 2.27£0.10 2.47+0.27
Tl 2.91+0.05 2.62+0.44 2.21+0.08 2.4310.44 2.27+0.10
T2 2.78+0.30 2.38+0.26 2.64+0.08 2.12+0.17 2.29%0.07
T3 2.55+0.38 2.86+0.23 2.42+0.43 2.34%0.15 2.54+0.15
T4 3.00+0.12 2.95+0.56 2.50+0.16 2.72+0.21 2.75+0.48
T5 2.71+£2.05 2.50£0.10 2.53+0.45 2.31+£0.24 2.45+0.02

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 2—19. Effects of dietary fermented Plammulina velutipes on
Salmonella and E. coli in cecal contents of laying hen(logl0
cfu/g contents)

Treatment D Salmonella E. Coli
C 4.729+0.036 * 5.896+0.020 *
T1 4.490+0.006"° 5.928+0.017 °
T2 4.450+0.015 © 5.749+0.012 2
T3 4.308+0.010 ¢ 5.618+0.039%°
T4 4.555+0.032 ° 5.317+0.306"°
T5 4.44440.046 © 5.141+0.014 °

a,b,c,d : Values(MeantSE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 2—20. Effects of dietary fermented Plammulina wvelutipes on NH3

emission in layer excreta(ppm)

;= Days
Treatment
0 1 3 6 9 12 15
C 14.4+1.2° 15111 %  1722401° 4578134  300£95% 13674107 558457 2
T1 11.330.9°  9.8+1.2°°  1356274® 478134 2200253 ° 589487 32728 °
T2 47407°  77+1.3°%  1052460°  389HI70° 1856466 ° 6331530 4561197
T3 9.6+1.7° 106405 ° 1544432 %  4356436°  2422469°  1167+34°  33.3+37°
T4 10.4+1.2°  156+1.1%  1Li#00® 4933737 24441950 BOHI0T 4384570
T5 11.340.9° 144412 ° 164474 % 4922473 %  254.4%53% 839+48° 4514287

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 2—21. Effects of dietary fermented Plammulina velutipes on  shell
colour index(%)

" Week
Treatment
1 2 3 4 5

C 34.8+1.01 2 32.2&0.77ab 31.8+0.81 2 29.8+0.81 b 33.0£0.83 2
b b b b b

T1 33.0£1.07° 31.840.75° 27.2+0.74 31.1+0.83" 29.8+1.10°
b b b b
T2 29.340.75 © 29.6+0.64 25.840.71°° 311£0.79° 26.840.90°°
be a a a ab

T3 30.2+0.67 34.4+0.78 30.5+0.69 34.4+0.90 31.2+1.00
d c be c ab

T4 25.0£0.75 21.9+0.64 24.2+0.71 24.7+0.79 29.840.90
be c c c c

TH 29.9+0.67 25.2+0.78 24.0+0.69 26.3+0.90 23.6+1.00

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 2—22. Effects of dietary dehydrated Pleurotus eryngii on egg

weight(g)
D Week
Treatment
1 2 3 4 5

b
C 66.4%1.01 63.3+£0.77 64.620.81 65.4+0.81 67.0£0.83
T1 69.3+1.07 69.9£0.75 ° 68.7+0.74 69.9+0.83 68.56+1.10
T2 65.3+0.75 68.10.64 ° 65.3+0.71 69.7£0.79 66.5£0.90

ab
T3 66.6£0.67 67.1+0.78 66.9+0.69 69.1+0.90 66.8+1.00
T4 65.6+0.75 ss.gio.sz;ab 65.0£0.71 665.8+0.79 64.240.90

ab
TH 66.0£0.67 66.2+0.78 66.5+0.69 65.0+0.90 66.1+1.00

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 2-23. Effects of dietary fermented Plammulina velutipes on
albumen height(mm)
" Week
Treatment
1 2 3 4 5
C 7.8921.01 ° 6.66£0.77 7.57£081 ° 7.77£0.81 © 7.66+0.83
Tl 7.8841.07 ° 7.32£0.75 ° 8.3540.74°° 8.63+0.83°C 9.38+1.10 2
T2 8.25£0.75 7.40£0.64 ° 771071 ° 8.80£0.79%° 8.90£0.90 2
T3 8.210.67 6.9820.78 ° 8.45£0.69° 7.91£0.90°° 8.6421.00°
T4 9.41£0.75 2 8.64£0.64 ° 8.84£0.71 2 9.58+£0.79 2 9.70£0.90 2
T5 810£0.67 7.50£0.78 ° 8.31£0.69% 815£0.90°° 8.74+1.00 °

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 2—24. Effects of dietary fermented

Plammulina velutipes on Haugh

units (HU)
D Week
Treatment
1 2 3 4 5
C 86.9+1.01 79.8£0.77 > 85.5:0.81 ° 86.5£0.81 > 85.0£0.83 °
Tl 84.9+1.07 ° 82.5£0.75 ° 88.920.74°" 90.3+0.83 ° 9444110 2
T2 89.240.75 ° 83.420.64 > 85.820.71 ° 91.1£0.79%° 92.6+0.90 2
T3 88.7£0.67 ° 81.1£0.78 > 89.4£0.69° 86.5£0.90 > 91.241.00 2
T4 95.240.75 ° 9114064 ° 92.3+0.71 96.0£0.79 ° 97.0£0.90 2
T5 88.0£0.67 ° 84.1£0.78 > 89.1£0.69° 87.7£0.90 > 91.6£1.00 2

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 2—25. Effects of dietary fermented
colour index(Roche)

Plammulina velutipes on yolk

D Week
Treatment
1 2 3 4 5
a ab ab
C 8.1041.01 7.5040.77 7.80%0.81 7.90+0.81 7.60%0.83
b
T1 8.18+1.07 ° 7.60£0.75 7.70£0.74° 7.20£0.83 © 7.20£1.10
a b
T2 7.09£0.75 © 7.40+0.64 7.90£0.71 7.60£0.79°C 7.00£0.90
b b b
T3 7.64+0.67 7.80+0.78 7.60£0.69° 7.80+0.90° 7.40+1.00
a ab a
T4 8.36£0.75 7.40£0.64 7.70£0.71 8.30£0.79 7.60£0.90
b b b
T5 7.45+0.67 7.7040.78 7.30+0.69 7.60£0.90°° 7.40+1.00
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a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 2—26. Effects of dietary fermented

Plammulina velutipes on shell

weight(g)
D Week
Treatment
1 2 3 4 5

a a

C 6.07+1.01 6.01£0.77 6.16£0.81 6.14+0.81 5.9240.90
b

T1 6.04+1.07 2 6.08+0.75 6.18+0.74 6.0420.83 6.00+1.10°
b a

T2 5.51%0.76 6.1520.64 6.05£0.71 6.1120.79 5.880.90
b

T3 6.08£0.67 ° 6.19+0.78 6.41£0.69 6.37+0.90 6.24%1.00°
a b

T4 6.06£0.75 6.441+0.64 6.39+0.71 6.47+0.79 6.46+0.83
b

T5 6.21+£0.67 ° 6.19+0.78 6.380.69 6.23+0.90 6.12+1.00°

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Table 2—27. Effects of dietary fermented Plammulina velutipes on  shell
thickness(um)
" Week
Treatment
1 2 3 4 5
C 367.5:t1.01ab 375.2:t1.013b 379.9+1.01 384.5:t1.01ab 376.4:t1.01ab
T1 354.2:tl.01bc 363.3+1.01 b 365.3+1.01 366.9+1.01 b 361.4+1.01 b
T2 341.7+1.01 368.0+1.01 b 369.2+1.01 359.2+1.01 b 355.8+1.01 b
T3 373.4:t1.01ab 379.6:t1.01ab 383.6+1.01 383.5:t1.01ab 382.8:t1.01ab
T4 374.O:t1.01ab 396.8+1.01 a 387.2+1.01 398.8+1.01 a 400.4£1.01 a
TS5 379.2+1.01 a 372.7:t1.01ab 373.2+1.01 383.5:t1.01ab 369.6:t1.01ab

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

- 165 -



=17

=i

S A7

= QLA

oA 715 H7t
o

i )

2—28¢°l AA= H
Wk 230 @A ks B nAE TE golwA U=

AN AN
C18:0¢9] #A&7F dA Al YElwen, dhdHe| (Cl18:2(n
C18:3(n—3)¢] g&o] éﬂﬁo}ﬂl Z7Fa I tH(p<0.05). 3+ C20:49} C22:6(n—3)2] &
Z7Vekdn). DA A €1 C18:2(n—6)9} C18:3(n—3) B C20:4+= mAE g
HW °7laa A7Y o] 7 EF FrolstA S7FsEtH(p<0.05). & A¥e]
v 5(1997) 9] wrask Alge] AuatzAd 3 fAFsEA T
Ul *@% ‘?j_hq FolwA 7= 7t T%ﬂ 7t EE LAk e 3
2319 2™ (p<0.05), RFH ExsiAite] sheFe dA 8] S7FsktH(p<0.05). HEgh
n—6¢} n—3¢] H]&o] C, T1, T2, T3, T4 ¥ T5olA z+z} 9.76, 8.78, 8.95, 8.80, 7.71 &
7.398A4 wAE wE BolHA f{T|ES HIt ol TV @4 F n—39 dEo] =
¢ko}. m) = (Harris, 1989)0 4 A A o2 AAstE n—69 n—39 H]&o] 4:1~10:1¢]
AL otsbd B A F Ay Jd3le] xukal 2AJo] 9-45lttal E ). Fernandes and
Venkartraman(1993)-2 Algte] n—39] v &S AF3lstd 5 Fd=HE9 Astet 4
Faads 9 o agla {Fukx 24 HE G dole] adrt dvkar skl

=

Table 2—28. Effects of dietary fermented Plammulina velutipes on fatty
acid composition of egg yolk(%)

1
Fatty acid Treatment
C T1 T2 T3 T4 T5
C14:0 0.30£0.01 0.32£0.02 0.23+0.01 0.24%0.02 0.27+0.02 0.2340.01
C16:0 25.70+0.23 25.39+0.09 24.33+0.20 24.46+0.12 23.06+0.07 23.10+0.32
. b b b
C16:1 1.82+0.12° 1.97+0.08 ° 1.88i0.3lab 1.71£0.05 b 1.85+0.04" 1.88+0.07°
. b a b b ab a
C17:0 0.23£0.02 0.29+0.04 0.22+0.01 0.22+0.01 0.25+0.02 0.24+0.06
. b
C18:0 11.70£0.09 ° 10.59+0.21° 9.93+0.02 b 9.56+0.02 b 8.16+0.34 © 8.40+0.51 ©
. b b b
C18:1 40.40%0.30 41.00+0.32 41704021 41.80+0.28° 42.70+0.36 © 42.00+£0.21
. b b
C18:2(n-6) 14.20£0.02 ¢ 14.40£0.01 ©  15.50+0.03 15.70£0.02 16.80£0.01 > 16.90+0.02 *
. b
C18:3(n-3) 0.2840.01 © 0.39£0.01°°  0.48+0.02 °° 0.53+0.02 0.91+0.02 * 1.09+0.02 2
. b b b b
C20:4 4.20+0.03 © 4.41£0.01°° 4.47£0.03°° 4.53+0.01 4.78+0.03% 4.96+0.02 2
C22:5(n-3) 0.02+0.01 0.02+0.00 0.01£0.01 0.01£0.01 0.02+0.00 0.0240.01
. b
C22:6(n-3) 1.16+0.02 © 1.23+0.02 1.2440.01%° 1.24+0.01%° 1.25+0.02 2 1.184+0.01 °
SFA! 37.92£0.30 > 36.58+0.34 °  3472+0.26 °  34.48+0.36 ©  31.74£057 ©  81.9740.33 °
2 d c b b a a
USFA 62.08+0.30 63.42+0.34 65.28+0.26 65.52%0.36 68.26+0.57 68.03+0.33
d c b b a a
USFA/SFA 1.64+0.03 1.73+£0.02 1.88+0.04 1.90£0.03 2.16+0.02 2.13+£0.02
b
n-6/n-3 9.76+0.21 ° 8.78+0.25 8.95£0.07 > 8.8040.09 7.71£0.10 © 7.3940.17 ©

Values are means of 5 egg yolks.
C14:0(myristic acid), C16:0(palmitic acid), C16:1(palmitoleic acid), C17:0(magaric acid), C18:0(stearic
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acid), Cl8:1(oleic acid), C18:2(linoleic acid), C18:3(linolenic acid), C20:4(arachidonic  acid),
C22:5(DPA:Docosapentaenoic aicd), C22:6(DHA:Docosahexaenoic acid).

1 USFA(Unsaturated fatty acid) : C16:1, C18:1, C18:2, C18:3, C20:4.

2 SFA (Saturated fatty acid) : C14:0, C16:0, C17:0, C18:0.

1) C, none; T1, 1% Plammulina velutipes; T2, 3% Plammulina velutipes; T3, 5% Plammulina velutipes

a,b,c Means with different superscripts within a row differ significantly (p<0.05).

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

o AxAE 7 o]& WA A7 gar] A

1) FAZF L A28 7§
7h) AW st

AzxAE 1) o] & WoMAS FA9 Atz 0%(C), 1%(T1), 3%(T2), 5%(T3)E
A7yt Fo1 Al Al W= Table 3— 1014 = vheh doh 358 AFol4] T13
T2o A dlz=FHT}; 270l AFo] T7tete AFS Hloy 5FHFEE ATo] @
ol om, T3olMi= AA FHoHE e Age] nls W 43S Yehdod
gy A FEA A el Fxbs A E A ek

Table 3—1. Effects of dietary dehydrated Flammulina velutipes on body
weight in broiler chicks

) Week
Treatment
2 3 4 5 6 7
C 151.3+2.5 286.7t4.4 494.1+ 7.9 727.1£ 9.2 1002.8+16.1 1276.8+42.9
T1 154.0+4.0 290.4+2.5 506.3%£10.9 730.4+24.5 1011.1+£37.3 1242.4%+26.6
T2 154.4+1.6 290.8%+0.8 502.5+ 8.1 704.8+ 8.8 974.9+20.7 1231.0+£23.0
T3 151.9+3.1 280.4+4.7 475.4+19.4 696.0+14.0 960.6+16.4 1231.4%27.4

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Hhy} $(1997)2 A FAMES SAALR 10%F=7HA] H71stol = SA2, A

BT L AR QTS gzt HolrF v s o, 7 5(2003)S B35 %
ASAEE SAlo gA 3o Al AFE A $7] el Zolg BoH, 5F3tx A
TWEAEE 5% HAIZE Aol ahgld vk B Ad el fFAsESITE S

s a1 &)

Abgol e HIFE Agole Aol M= el 9Fe mAA Bkt
).

A7, 2006; Haw =, 1985

AL, AZHAF L AELTES Table 3-2614 W= nish 2uh 25Ho) 4 77
A FAZE v o] §HAS A7t Fold F g thETol Hske] tha WobdE 2
solglot BAR el gl
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Table 3—2. Effects of dietary dehydrated Flammulina velutipes on the
weight gain , feed intake, feed efficiency in broiler chicks

Treatment ¥

Pooled
Week C T1 T2 T3 oo%e
SE
Weight 2~4 342.9+ 6.08 352.3+ 7.13 348.1+ 8.93 323.5+16.60 5.582
Gain 5~7 782.6+£35.06 736.1+15.65 728.5+31.11 746.0+£11.87 13.257

(g/bird) 2~7 1125.50+41.11 1088.4+22.76 1076.6+22.25 1079.5£25.32 13.665

Feed 2~4 597.3t 4.45 609.7+ 6.49 607.1+10.46 597.3+ 6.46 3.542
intake 5~7 1693.4+35.67  1656.5+29.91 1712.8+28.67  1695.0+£32.33 14.881
(g/bird) 2~7 2290.8+38.38  2266.2+33.83  2319.8£27.95  2292.3+38.74 15.980

2~4 1.743+0.035 1.732+0.020 1.745+0.016 1.854+0.079 0.024
Feed
[Gai 5~7 2.169+0.065 2.252+0.061 2.359+0.102 2.242+0.035 0.036
ain
2~7 2.039£0.055 2.084+0.047 2.157+0.058 2.124+0.020 0.024

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

T ARAATE TioA g2 AT r
A1 Apel7} IR A A B FA T
sk AdE JERIY. Al
o= v %‘l MRS wYT & WAL, AlRRTES oA
S HERl oy fejde gl

Bhat 21(1996) 2 AR FEAS 2, 4, 6%H7F wolsls W SAFH AR
191 % R AFREE oA ZFol7h fiSivhar Eﬂ_é}‘ziglll, 2t} %(1999)% %%xﬂ%ﬂ*&
= 4% R 8% H7F A HAe SATZ A ot
sto] & A-rAtel frabskvh Rk
5% 7t Al SAFC] FrolskAl S7FskA kAl Bal skl ol ek e Hol A
o o] 8 ol AE AR 5%7HA] HTbelE S8 ] Aol §ls Aem
sy

l:l
(2003)o qﬁ]*}fﬁoﬂ U}‘—;l‘i—‘gg 3%

BNy H Gl m*

>
=

2) B 44 UAE R ALY TEAH

7h) A B U]xg%

AzAE v o]& Ho|HAS FAlo H7F g9 A A4 W HEETe HYA
W A& (Salmonella®t E. coli) <+ Table 3—3°A4] B vk} 2o, #2 d v &
¥ Logloo = 3akste] A8t
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Table 3—3. Effects of dietary dehydrated Flammulina velutipes on
salmonella and E. coli in cecum of broiler chicks (logl0 cfu/

g content)
Treatment ¥ Salmonella E. coli
C 5.036+0.051% 5.405+0.299°
Tl 3.720+0.035" 6.003+0.028"
T2 3.323+0.089° 4.759+0.019°
T3 3.031+0.020° 6.327+0.028°

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

W W Salmonellad 5= 3 2] 7] o]-§ FolMA %ﬂoﬂ olate] AA kA 3
A%k ARGl o (p<0.05) H7F ol wet drde} o AlS HAseith 1y
WAL £ colir Tl A 5.40521H] H|SHe] T1, T2, T3°ﬂ7\1 7+7}+ 6.003, 4.759,
6.3270.% oAl FolFFoel HS Ag 3|y SUtete AEFS dHEAS
(p + WY VA= Samonelladt 5 FAAIF

ot "JVOELJ E. co/zoﬂ o &l 1% Za madrt gl sesE daEA
A 5(2004) 2UHF F=2N8 Fo3t A3 FAtF, £ coli B Samonellart =7} #]

1 5(2008)2 FefAl(}d) FE& (Herb
colj, Yeast 2 Lactobacillus <=7} S AIA Q1 o]
= A%s Bt it

O
1t

@D
?_i
—~
S
mv
ol
_&
in?
=
b
o3
LU
Tq

= UERHA kARt A

) AlEe] Tk R AR

AzA e v o] § HoHAS SAld A7 g Al AR To dEYolrbs A
S =43 A= Table 3—404 ®BE v} 2},

Table 3—4. Effects of dietary dehydrated Flammulina velutipes on fecal NH3
gas in manure of broiler chicks (ppm)

Treatm Day
ent? 0 1 3 6 9 12 15

C 1533419 ma2ef™®  emized®  smea™  saed™  zsot08F  2ver+1dT

T1 14320008"°  sR0103°  61583430°"  356.6745.8°C

63.3341.9°F 25002067  2078+1.4%F
T2 1373 mossa2™  w160109°  1966m1 PP 3017414F  o500419%F  1628102C

T3  11820176C 3mee1or® 307401 96.6710.0°°  22.22406F 121141.2°F 520406

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
AB,C,D,EF,G : Values(Mean+SE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Aol grobre BT WE AL TN 3944E @A Sl e
69 ol FHE WE SER Fashs RS HEIth 395 gEe} BT C
T, T19+, T2+, T37-olA Z}Z} 652.13, 615.83, 441.60, 393.07 ppm 2. ZA] t)z=-of H]

sto] A Fol M Zhebgel @A skl dasha o (p<0.05), A% vl v Folu]
R AAEE] 7 5B sk ggo] ol ARG WA olsh ge Az
6 o Tl Fstel oM AR AR YFS Fol B U K

a3k Ao uHr)

AAFl A B R = Yol 7hae S iAol TS Fo P & 89l
(Homidan &, 2003)°.2 Al& o] ©hujz
o] pHE FAste] mAE o A4t WAlE =9 & Avkal g3tk (van
Heugten ¥} van Kempen, 1999). & A5-A 3} 1] o]& oA H717) 4A3517] U 7
AE g HIAA 78S 7 =

o

3) =X 54 R ga7] ARA

71 =AEA
AzA 1) o]-& HolwAS FANA 0%(C), 1%(T1), 3%(T2), 5%(T3) H7} &
o] Al Agd =AY A S-S Table 3-59014 B uhel 2o,

Table 3—5. Effects of dietary dehydrated Flammulina velutipes on carcass
characteristic in broiler chicks

Treatment ¥

C T1 T2 T3
Live weight(g) 1352.92% 1372.00% 1259.00° 1270.43°
Carcass weight(g) — 886.15 877.80° 797.17° 810.42"
Carcass ratio(%)  65.50° 64.01% 63.35° 63.80°
Gizzard, g(%)  19.08( 1.41)° 20.11( 1.47)" 18.78( 1.49%®  19.85( 1.56)°
Giblets  Liver, g(%)  34.83( 2.58)° 37.68( 2.75)° 38.72( 3.08)* 34.50( 2.72)°°
Heart, g%  8.67( 0.64)% 8.61( 0.63)° 7.72( 0.61)° 8.63( 0.68)°

Breast, g%) 162.3312.00°  184.50(13.45  151.33(12.02°  156.50(12.32)"

a

Thigh, g(%) 226.50(16.74)% 225.67(16.45)°  207.33(16.47)% 213.33(16.79)

Wing, g(%) 91.67( 6.78)% 97.33( 7.10)° 90.00( 7.15)% 89.67( 7.06)*
Cut-ups b

Neck, g(%)  65.67( 4.66)* 63.00( 4.79)% 57.67( 4.58) 50.67( 3.99)

ab

Chest, g(%)  54.75( 4.05) 66.00( 4.74)* 58.75( 4.63)" 55.50( 4.51)°

Waist, g(%)  99.75( 7.24)* 107.25( 7.88)% 80.25( 6.26)° 84.75( 6.67)>°

a,b.c : Values(Mean+SE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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L=AFo] C, T1, T2, T3olA Z+7} 886.15, 877.80, 797.17, 810.42 g2l |
TAES C 65.50, T1 64.01, T2 63.35, T3 63.80% =X w| o] &Ml H7} A =4 &
o] tha wrolx&= Aot a2t FAA FolAke JAAEHA XU F T
(2002)& WA= AAS w5 Al SAY Z=A&o] S7kgE v HAFA o] Fha
ghohar glow ¥t §-(1999)% ghekA] FAlES HUbeh AS SA9 = +r
oA o ® TEtTial 6P°% %7}54: A} of wel A&l Aol7t s lAlEHA
oh Aol ek = &

5), F &3 T1, T2, TSOHH Trqﬂ o7 Tﬂ E}(p<0 05) 1l 5(2000)

A= HIbgol Aol zhe] M]Eo] FASHA FHAEiT

Aol M= Az v o] & BolmAle Fodht Z9lef tollA
THT FoHom F7HE AT (p<0.05).

=4 T1olA & A TR A YEsow, dES

e Tk Zfeol7h gidh ol g A=

L =R 8Lk Zpol 7 glont 71 e Ak

Eoé

l=l1-r

) warv)el A4

TBARS (XA &)

AzA7 1] o] & HWolMAS SAUA H7t Fo] T AaE Hdur)e A% F A
Waksf o] W3l=  Table 3—6 ¥ Table 3—7°] Yel St}

Table 3—6. Effects of dietary dehydrated Flammulina velutipes on TBARS
in breast of broiler chicks

Treatment Day
0 3 6 9
C 0.066+0.000*° 0.074+0.003°B 0.134+0.001%4 0.138+0.003**
T1 0.022+0.008"P 0.087+0.002°¢ 0.106+0.002°B 0.143+0.003*4
T2 0.021+0.002°¢ 0.106+0.005** 0.083+0.001°B 0.098+0.003°4
T3 0.012+0.002°¢ 0.062+0.002%B 0.062+0.002%B 0.118+0.003*4

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
AB,C,D : Values(Mean+SE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

7VESe A7 5 TBARS W= AG7Ite] Aastel wel BE A+
oAl =4 veElth A% 39 3 TBARS7F= C1¢F T1, T2, T37FolAl Z+2; 0.074,
0.087, 0.104, 0.06224 T2oA 713 =gt} 2 A& 62 & TBARS7M= zhz)
0.134, 0.106, 0.083, 0.0622A] CFollA] FA 3] =k31(p<0.05), A% 99 o= z}z}
0.138, 0.143, 0.098, 0.118&A] C7-¢} T17olA =k T2, T3l = Fod o= ot
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*H(p<0.05).

Table 3—7. Effects of dietary dehydrated Flammulina velutipes on TBARS
in thigh of broiler chicks

Treatment ¥ Day
0 3 6 9
C 0.014+0.000°° 0.074+0.002°¢ 0.12040.002°B 0.12740.003 °4
T1 0.02120.002%¢ 0.06240.001°2 0.16440.00624 0.157+0.002 *4
T2 0.02540.002%¢ 0.084+0.001%B 0.08620.002°2 0.148+0.005**4
T3 0.024+0.002°° 0.058+0.003°¢ 0.093+0.004°3 0.168+0.008 **

a,b,c : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
AB,C,D : Values(MeantSE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

thel e gol A A4 Fe] A2 77k TBARS WahE Table 1604 B vps} o] A
A717rol A uwel TBARS7FH= EE A golA mopdth A% 6U
TBARS7}= C+<¢} T1, T2, T34 Z+2F 0.120, 0.164, 0.086, 0. 093°i CT1¢ T1

o

TolA =& v T2, T37olA = E4 Wtk (p<0.05). A% 99 ¥ TBARS7}+= 2
7} 0.127, 0.157, 0.148, 0. 168&*1 o)zroll Hlake] ATl A EA vERdh A A
o= = v Ax v o] HoWAe Hrte "av] ZheSe] A FAA A
oz Friddh 71(2006) &A1 2%0)42] %S Fold FF ks ayrt Bt
1 3 o™ Kwon 5(1993)3} Faure 5(1990) 2 Lee ¢ Lee(1994)+= 21 EA] A9
EA)3k= lignin 7, flavonoid 5+, phenol 7 §& &4tsl zHgo] Atta 3139 vl

ol Aol ol g o] EAjool i3t Wimo] HEVF Hasital it

1) g1719 o|fey B4

71 pH(F40] 24 5)

AzAE v o]g WolHAS FAXAR H7F Tl A #da
Table 3—8|A B uje} ),

719 pHe] Wsl=

Table 3—8. Effects of dietary dehydrated Flammulina velutipes on pH of
breast and thigh in broiler chicks

Treatment V Breast Thigh
C 5.75+0.015™ 6.46+0.048"
Tl 5.8340.017° 6.43+0.023
T2 5.73+0.028° 6.30+0.014°
T3 5.8140.010% 6.64+0.009
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a,b,c : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Aeaglel YE R 28 WA tlETeh A Trre] felats g ekt
o} 7h5-S pH 5.7~5.89 919 A%laL, thel 8-S pH 6.3~6.6W 95 e
<59 pHE &% F 24417 oo pH 7.0004] pH 5.4~5.87}4] E oz th(Penny,
1977)% ARAel v]5o] & o] gAde] welgba B vk} §(1999)% A A S
Hrbsto]l o] Al Yar) o] pH7F txtol Hlete] Egkthar slo] B Astel b2 A
&5 Bt

) &2 (Meat color)
AzxA e 7] o] § WolMA LS SAAE H7F o] Al S W= Table 3—99
A RE a2 B U=l #2 T Sol A= T29F T3A o4

(p<0.05)°0.2 =gtor, the]ltSolA= T2 7Hd =A Yelst)

Table 3—9. Effects of dietary dehydrated Flammulina velutipes on meat
color of breast and thigh in broiler chicks

Treatment Breast Thigh
) R > o R = ~
C 40.0840.14°  4.02+004%  9.7540.03° 53114015 10.03+0.39°  11.62+0.15°
T1 40.15£032° 3.80+0.17%  9.86+0.07°  52.5040.33° 11.53+0.19° 117740107
T2 50.26+0.37° 3.77+0.19% 10.10+0.28%" 54634007  7.5920.17°  1L.872021%
T3 51.40+0.37° 2.69+000° 1053+0.20°  51.01+0.66° 14194039 12214010 a

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

ga7]e] v TS UERE B #2 52 Hrte 43S 75
st E A, +(2005)2 thelarzlel A B HAl YEst o, o] 31 Halv]
o] 7hEav|Erke vEl o)) @] wiEeolekal skt

Bendall?} Swatland(1988)+ 117]9] W& WX+ 52 pHe} #do] il &)
L, B 5(1998) WUt Fotke ®arr]e] pHels= ®sh7) gldthal &
(1998)& FAALE A A% H7bebd W7t =kthal splar, vk #(1999)+=
oFA] FAbES HUbetH WEVF vholx = Aol drtar she] HIUMAME Y| weEl Harv]
o Wxko| zto]7t des AlAFSATH

AACE e =(ax) @Y 7FedSolAs T377F b2 A el vlshe] o4 o
2 Yol om(p<0.05), thElESFolAE dlxTol uviste] T13 T34 Eoktt
(p<0.05). gk AT E JeRY=(bx)ate] 752 theldSol A H7HAE Bl v
s BE At molAE AFS YER A tH(p<0.05).

A F(2004) @AHE FARES Wl Har]o HE(Lx)= tixTto Hlste] dn

o ol |o
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t}) 7+ 7= (Cooking loss),
Capacity) =4

AbEl a7l sk 7tE ek

(Water — Hording Capacity)-<

A=A A O]*O“ FolHA S Al H7F 5o & A
(Cooking loss), & 23t (Total water) 2 H 49

Table 3—10¢] b}E‘rlﬂ ATt

Table 3—10. Effects of dietary dehydrated Flammulina velutipes on the
cooking lossl, total water2, water—holding capacity3 of breast

and thigh in broiler chicks

! Breast Thigh
Treatment* 1 2 3 1 2 3
C.L T.W W.H.C C.L TW W.H.C
C 7.4$)iO.14d 74.58+0.37 89.96+0.17° 17.37+1.85 76.59+0.23 77.6612.46
T1 14.57i0.07b 73.6410.18 80.24+0.14° 16.02+0.71 76.32+0.93 78.88+1.17
T2 16.14+0.33%  74.19+0.13 78.25i0.46d 17.06+0.42 77.4610.38 78.0610.47
T3 12.1440.31°  74.5940.39 83.78i0.48b 15.56+0.89 75.88+0.36 79.41+1.14

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

TVEEE Y A RS C 7.49%¢° Wlske], T1 14.57, T2 16.14, T3 12.14% = A€
TolA o2 FUdTHp<0.05). R the]ESol = BolMA S Fod 4 A
st Ade UetdIgloy A7 1rel f9 4 ;(]-o]_ AT

T TEEES 7S eSS EFolA At folA AbolE HolA ekttt

HEEo 75280 A oz 89.96, T1 80.24, T2 78.25, T3 83.78% % A& 7+9
o4 ztol & Yt AL(p<0.05), HAS Folgh 49 ¥ 235 Bl 22y
thE]ESoll A= A gholl oAl zfol= Hol A gkrt.

7tA S Sid WA ojste] Wkt Baggo ke S v -tk (Winger ¥t
Fennema, 1976)< AN S ZHokel uff 2 Ao x| 7t aFo] =& Ao A K¢

R R PO 24732 B s FAE PPN
o etk AFelA Folu Al Fol HETge] nyEs A5l Ao 3
7hs ik

B F84 2 484 wud gay
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Table 3—11. Effects of dietary dehydrated Flammulina velutipes on water
soluble protein solubilityl, salt soluble protein solubility2 of
breast and thigh in broiler chicks (mg/ g)

Y W.S.p.st S.S.p.s*
Treatment
Breast Thigh Breast Thigh
C 0.4240.041% 0.4540.020% 0.4540.018° 0.4040.017°¢
T1 0.34+0.003" 0.43+0.003% 0.58+0.012° 0.3740.000°
T2 0.3040.010° 0.43+0.006% 0.78+0.002° 0.5440.011°
T3 0.28+0.009° 0.41+0.008° 0.48+0.018° 0.65+0.024%

a,b,c : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

Az v olg HolmAe S0l H7F 5ol A ke dEles W 84 ¢
WA gl 8 ddol 82 Table 3—1104 HE Hie} )

ZFEaEol e A g Bl FoeEe] s FodeR
H22(p<0.05)8k= A oI, vhe] ol vha 7283tk (p<0.05). A8
Aol gl hEES oA gz 0.4590 BlEke] T1 0.58, T2 0.78% fo]do= &

Fo 7 YEyon, el
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Table 3—12. Effects of dietary dehydrated Flammulina wvelutipes on crude
fat of breast and thigh in broiler chicks (%)

Treatment ¥ Breast Thigh
C 2.96+0.047° 3.16+0.099°
Tl 1.7940.017° 4.62+0.008"
T2 1.65+0.019° 7.16+0.101°
T3 1.3540.028° 7.11+0.021%

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 3—13. Effects on dietary dehydrated Flammulina velutipes on free
amino acid in breast of broiler chicks (%)

Free amino acid Treatments

C T1 T2 T3
alanine 2.72 2.70 2.68 2.76
arginine 1.26 1.43 1.32 1.50
asparagine 0.63 0.70 0.66 0.55
asparatic acid 0.00 0.00 0.00 0.00
cysteine 0.16 0.10 0.11 0.05
glutamic acid 2.15 3.50 2.67 2.47
glycine 0.83 0.88 1.11 1.20
histidine 0.48 0.62 0.65 0.75
isoleucine 0.63 0.74 0.89 0.95
leucine 1.11 1.54 1.65 1.84
lysine 1.19 1.45 1.93 2.12
methionine 0.34 0.40 0.55 0.58
phenylalanine 0.68 1.00 0.80 0.97
proline 0.86 0.00 0.04 0.03
serine 1.52 1.80 2.05 2.15
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threonine 1.00 1.38 1.57 1.75

tyrosine 0.80 0.95 1.14 1.35
valine 0.85 1.05 1.24 1.31
Total 17.21 20.24 21.06 22.33

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

7b7F 17.21, 20.24, 21.06, 22.33%2.& tjZ7ol Hlste] T1, T2 T3 olA& Z7hskdtt.
53] glutamic acid= C % T1, T2, T37lA 247} 2.15, 3.50, 2.67, 2.47% 0.7 *Joln]
ANA7bel oJste] 9 5 okt ey alanine 9 e Ce] 2.72% H]sko] T1,
T2 B T34 747} 2.70, 2.68, 2.76% 2. & Ho|WA H7tras w3 ® gaFo] W3l
7b Ao, cystined] ¥ 23] g AykE UERAUT 2y T8 ofv]

7'——{3\:-1:5-0 -(5‘; o] ()I. l] L‘}\I- 6]:' Eo T Table 13 ]}\ EL S é C, Tl, T2, TS ]}\
7V 7¢

A R BelmA el elste] Fgol Tk AFE vehhad et 1
zAe] Yol FolFEL 1014 7 AAE okt F3Fo] 2 F7kakA
= g

Figure 504 E&= uie} o] dA|Aog & uf A FrolA ofr] =il ghaFo] EA
L E}%k=4), arginine, histidine, isoleucine, leucine, methionine, phenylalanine, serine,
threonine, valines T8 oW =452 oA FolFFo] 1% o]/ 45 ol

= HER

2.00

mg/100g
meat
150 mc
[ g
1.00 - mT2
mT3

050 -

0.00

Free amino acid

Figure 5. Content of free amino acid in breast meat of broiler chicks fed
dehydrated Flammulina velutipes.
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Table 3—14. Effects on dietary dehydrated Flammulina velutipes on free
amino acid composition in thigh of broiler chicks (%)

Free amino acid Treatments _
C T1 T2 T3
alanine 3.22 3.00 3.72 2.80
arginine 1.80 1.18 2.15 2.10
asparagine 0.93 0.53 0.99 1.29
asparatic acid 0.00 0.00 0.00 0.00
cysteine 0.02 0.18 0.16 0.12
glutamic acid 2.74 3.79 3.14 4.43
glycine 1.55 1.42 1.35 1.31
histidine 0.49 0.65 0.46 0.75
isoleucine 0.35 0.38 0.41 0.40
leucine 0.64 0.72 0.78 0.76
lysine 1.85 2.00 2.16 2.13
methionine 0.14 0.15 0.23 0.22
phenylalanine 0.43 0.50 0.50 0.47
proline 1.18 1.13 1.15 1.24
serine 2.53 2.41 3.44 3.48
threonine 0.95 1.68 1.76 1.26
tyrosine 0.50 0.51 0.52 0.58
valine 0.53 0.55 0.63 0.63
Total 19.85 20.78 23.55 24.30

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

oel g 59 opuiit dhaFe Table 1404 Hi= wle} o] C, T1, T2, T34
Z¥7} 19.85, 21.45, 23.55, 24.30% 0.2 AZxA7 o|HA Fof Al Edt) 573
glutamic acid®] &=o] A sFA =%, lysine, methionine, phenylalanine & o]
<7kt

opr| =4t TR T E¥E = Figure 69 o] alanine A2 Froll 4743 43S
UERHA] ko) glutamic acidi= C7¢F T1, T2, T3l A 2+2}; 2.74, 2.84, 3.14,
4.43% 0 % oMl HItgEo] a5 ol A F7Hskl oW, cystined]
T A d AES UEHAY. ey glycine 2 A=A g v o] & oA S =
of gk Aol A 25l WAk T2, T37lA A Wb ofv] =4k arginine,
leucine, methionine, phenylalanine, serine, valine 5 ©]™, asparagine®} histidine<
T30l A =kt AutA o g B ) 7hEdFolA s dxA g 1] o] HolHAl Ho
Tl 1%Y o obveql ko] =%k, e SSol = Az 1] o]& WA
wolaTol 3~5%9 wf ofu| Ak ko]l HA yEbsth fElobr] mARe: WE =, of
LT S o Bl = A e S I R =3 3 7HEE W Bk YERdE vt

eN

| =
IR IR
(Cambero %5, 1992), A% u] o] & Ho|MA S Alg o Hrlgtovm tharr]o] Zn| sk
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Figure 6. Content of free amino acid in thigh of broiler chicks fed
dehydrated Flammulina velutipes
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(p<0.05), ¥rH Cl16:13% C17:09] FHFe S7taksich Ex3 AWt 5
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7hat R ot fejak= gldoh
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Table 3—15. Effects of dietary dehydrated Flammulina wvelutipes on fatty
acid composition in breast of broiler chicks(%)

. 1
Fatty acid Treatment
C T1 T2 T3
C14:0 1.45+0.01 2 1.40£0.01 b 1.42io.01"’lb 1.40£0.01 b
C16:0 23.43+0.21 23.63+0.08 23.48+0.36 23.30+0.37
. b
ci16:1 5.07+0.04 5.2040.08 ° 5.62+£012 5.39£017°
. b
C17:0 0.16+0.01 0.25£0.01 ° 0.24+0.02 ° 0.2240.02 °
. b
C18:0 7.93£0.50 ° 6.82+0.27 b 6.13+0.21 5.85+0.16 b
ci18:1 44.16+0.22 45.31+0.50 45.07+0.66 45.19+0.36
. b b
C18:2(n-6) 13.82+0.12° 13.31+0.14 b 13.72+0.13 14.34+0.28 °
. b ab a a
C18:3(n-3) 0.47+0.01 0.52+0.02 0.53+0.02 0.57+0.01
C20:4 2.57+0.03 2.61+0.01 2.84+0.18 2.77%0.09
. b b
C22:5(n-3) 0.41£0.03 0.45£0.00%" 0.44%0.01° 0.47+0.02
C22:6(n-3) 0.53£0.01 0.50£0.02 0.51£0.02 0.51%0.01
b
SFA! 32.97+0.30 ° 32.10£0.34%° 31.2740.40 30.77£0.61 ©
b
USFA? 67.03+£0.30 © 67.9010.34bc 68.73+0.40° 69.24£0.51 °
b
USFA/SFA 2.03+0.03 © 2.1240.03°° 2.20+0.04% 2.26+£0.06 °
b
n-6/n-3 9.80£0.12 ° 9.0840.08 ° 9.29+0.24 9.2140.09 °

Values are means of 4 egg yolks.

C14:0(myristic acid), C16:0(palmitic acid), C16:1(palmitoleic acid), C17:0(magaric acid), C18:0(stearic
acid), C18:1(oleic acid), C18:2(linoleic acid), C18:3(alpha — Linolenic acid), C20:4(arachidonic acid),
C22:5(DPA:Docosapentaenoic aicd), C22:6(DHA:Docosahexaenoic acid)

1 USFA(Unsaturated fatty acid) : C16:1, C18:1, C18:2, C18:3, C20:4, C22:5, C22—6

2 SFA (Saturated fatty acid) : C14:0, C16:0, C17:0, C18:0

n—6/n—3: C18:2 / (C18:3, C22:5, C22:6)

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 3—16. Effects of dietary dehydrated Flammulina velutipes on fatty
acid composition in thigh of broiler chicks(%)

. 1
Fatty acid Treatment
C T1 T2 T3

. bce c ab a
C14:0 0.77+0.08 0.69£0.01 0.90+0.03 1.03+0.03

. ab bc c a
C16:0 23.4310.15 23.63+0.27 23.48+0.08 23.30+0.32

. b b
ci16:1 6.00£0.12 5.94+0.15 ° 5.50£0.06 5.47+0.14

. b
C17:0 0.29+0.02 ° 0.21+0.00 b 0.21+0.00 0.21+0.01 b
C18:0 7.02£0.20 6.88+0.19 7.03+0.31 6.53+0.17
Cc18:1 43.65+0.48 43.97+0.31 44.2940.42 43.47+0.18
C18:2(n-6) 14.64+0.28 15.1140.21 15.2640.28 15.26+0.14

. b a ab a
C18:3(n-3) 0.50+0.02 0.56+0.01 0.53+0.02 0.5740.01
C20:4 2.69+0.05 2.7140.01 2.72£0.01 2.7240.01
C22:5(n-3) 0.47+0.01 0.52£0.02 0.50+0.03 0.53+0.02

. b b
C22:6(n-3) 0.54+0.02 ° 0.49+0.02° 0.54+0.02 ° 0.46+0.01
SFA! 31.52+0.41 30.71+0.31 30.66+0.24 31.51+0.33
USFA? 68.48+0.41 69.29+0.31 69.34+0.24 68.49+0.33
USFA/SFA 2.18+0.04 2.26+0.04 2.26+0.03 2.17£0.03
n-6/n-3 9.73+0.12 9.65+0.08 9.74+0.30 9.80£0.17

Values are means of 4 egg yolks.

C14:0(myristic acid), C16:0(palmitic acid), C16:1(palmitoleic acid), C17:0(magaric acid), C18:0(stearic
acid), C18:1(oleic acid), C18:2(linoleic acid), C18:3(alpha — Linolenic acid), C20:4(arachidonic acid),
C22:5(DPA:Docosapentaenoic aicd), C22:6(DHA:Docosahexaenoic acid)

1 USFA(Unsaturated fatty acid) : C16:1, C18:1, C18:2, C18:3, C20:4, C22:5, C22—6

2 SFA (Saturated fatty acid) : C14:0, C16:0, C17:0, C18:0

n—6/n—3: C18:2 / (C18:3, C22:5, C22:6)

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

2t 2aX2 7 o]& WAL Fod g% gur] P4

1) T4 € Al58&

7} Als st

dtg 2g] 1| o] g Ho|mAlS SAol 0%(C), 1%(T1), 3%(T2), 5%(T3) A7} T
Al A% W3 Table 4—10]4 B upe} 2o}

- 181 -



Table 4-—1. Effects of dietary fermented Flammulina velutipes on body

weight in broiler chicks

» Week
Treatment
1 2 3 4 5 6 7
C 40.6:t0.1a 139.0£2.5 279.7% 8.0a 457.3+£10.8 703.0£21.6 959.7£31.0 1228.3155.2
T1 40.6:t0.1a 143.7+£0.9 271.3% 4.1a 462.1+ 8.1 707.3%£13.9 974.3+12.4 1325.7+47.3
T2 4O.O:t0.2b 137.7+3.8 255.O:t12.8'?lb 421.0+12.8 672.3+31.2 927.0+38.4 1228.0+55.2
T3 40.6:t0.1'?l 133.7+1.8 239.3+ 3.2b 411.4+22.9 632.3+38.8 933.0+28.0 1237.4+25.1

a,b : Values(MeanxSE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

AbSEz7] Wotgl 59 FRE AT gzt vt daAe WAS Hrks B9
T W2 Aot a8y 359 o] % AlFdAE A el Folxrt A=A
okokt), £ 7FHNA AFS txT7) 1228.3, T1 1325.7, T2 1228.0, T3 12374 g
o2 waxg WAS Folgt A gzt Aol ZAY Aslstglh. ol v A
2 mFo] & Wolw Ao A e} o] SAAR EaA e 1] o]§ 3

ZAol] A Ho] Y= Ao Hlt),

WEAY 1] ol § BoWAL FA Hot Fol A FAY, AREAF L ARLT

& Table 4—20A4 Hi= wle} 7t

Table 4—2. Effects of
gain , feed intake, feed efficiency in broiler chicks

dietary fermented Flammulina velutipes on weight

Treatment ¥

Plood
Week C T1 T2 T3 SE
. 2~4 3183+ 884 3185+ 8.80 283.3+ 0.21  277.8+21.14 8.010
Weight
Gain 5~7 770944629  863.5+39.41 807.0+42.44  826.0% 6.02 18.791
@hird) 5 ;1080345415 1182.0447.89  1000.3+51.54  1103.8+23.42 92.734
Feed 9~4  B71.9+17.64 5767+ 9.68 556.7£21.54  524.3+13.91 9.293
intake  5~7 1720.2459.54 1793.9+43.79  1695.9+66.90  1663.0+18.13  26.028
@hird 5 7 9909047658  2370.645028  2052.5488.35  2187.4423.66  34.085
2~4 1796+ 0.01  1.813% 0.04 1.964% 0.02 1.901% 0.09 0.030
Feed/GaJ a b ab b
. ~7 2239+ 0.06°  2.082% 0.05 2,105+ 0.03 2,018+ 0.01 0.031
2~7 2108+ 0.04% 2009+ 005 2068+ 002  1.983+ 0.03° 0.021

a,b : Values(Mean+SE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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2~47RHA SARE B oS e fted Arkeris wdas ¢
Zdbe AFE Yl 5~7 s o8y dETEg Ayt 52 SAY
& B A SAZE UEkdl 2~7F 80 E e RY ATt 52 S
& Bolow, 1% HaAe] v o8 HolMAE Holdt TlolA 2~45%, 5~75%, 2
8 l=dl, ook &2 A= Ut

HolMA S FoIsk T1 A

Foll= A7 2B AlR .80 543%] 7Hast
1%a 79 3%w ol el A SAAR] 2fol& HolA| ¥k
ol A= Atsago] MAEAss & + A

3 5(2001) SAANA AAokA] wo Al Aol o3 2pol 7t gllvkar skl e
H Guo 5(2004)& SAo A plant extract &7} &ABA A8 FRT} SA o] 7
2R Bashgla, @ 5(2007) =3 Wi Wisd AdAe AUk 235
A g Abm aq-go] ymxlvka Haste] & AE 2~45FF 3 A 23E B
O}, 5~7F8 2~7FHAE ¥ 5(1998)0] Harsk SAo kA AR S

of3pa Ak o] itk B sk ar, Wenk(2003)E herbs 2 essential olidl ©H$]
TEAA 7IEAAS SIAA AR AHE STHIA A S AAdgita Basiel o
M, Z(1995)= SAlel AoFAQ) GAE Folstd SAF, AR AFFe] S7HH AL, 5
3l AR @] Y H o IS Aol dvkar Balgk Adel FAkgE A3
HAATH

oje} 2 A= AF 1olA dx v o] & BolHAl H7F Al ALR 8789 Aol
Holx & vhH g u| o] § HolmAS gofd A Am8 a0 ] | A
SAOl hojA gl ogk oIl Asto]gAdo] ] YSH AT

2) B P AE R ALY 7t AF
7h) A BeAd mAdE

TaEA 1 o] & olWAE F H7F wol Al HA BF HE=Te]
V) A& (Salmonella 9+ E. coli) 57+ Table 4—30| 4] X vt} v}, Az w w4y
= Logloo 2 3aksle] wAsFaT).

W o HAA n|BEZAL A} Salmonellatta= ZET- 5.445, T19- 5.277, T2
5.201, T3 5.0492 4 wax g v o] Ho|vAl H7l5Fo] =S4E Salmonellatt
T dASM Aadshe A4S BAHp<0.05). Sl £ coli GA thET 5.579,
T17 5.355, T2 5.292, T3 5.1880.% WAl n| o]-& HoluAl 7o) =8
TE A A AR tH(p<0.05).

il
1o ox
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Table 4-—3. Effects of dietary fermented Flammulina velutipes on
Salmonella, E. coli in cecum of broiler chicks (logl0 cfu/g

content)
Treatment Salmonella E. Coli
C 5.445+0.049 ® 5.579+0.041 2
T1 5.277+0.047 ° 5.355+0.023
T2 5.201+0.030 ° 5.202+0.047"
T3 5.049+0.068 © 5.188+0.076 °©

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

o] 5(1997)& ARE Mg e AW Fuo] LEALS
AHESHAl AR frslate] 2 49 Ak e Ba AU 3
HA e SA9 W O BYA mAE<Ql Samonellast £ coli®]l 5 HAH
HAaAA BNE Gl 7198 Aow AdH A

)

W) AR b wa

g xg] v o] & AolHAS FAlo H7F 5o Al Al dEYol b WA =
+ Table 4—494 HE npe} 2o}

—

Table 4—4. Effects of dietary fermented Flammulina velutipes on fecal NH3
gas in broiler chick (ppm)

Treatmen Day
t? 0 1 3 6 9 12 15

C 0132001 38224147 13052409 20662415F 21153i08?  15825C 176504280
T1  026+0.02C 4167419 127.11407F 33008+42%* 27617466 25821418 156.6440.6°°
T2  0494001°¢ 77.33+25F 13751208° 2737345374  247.2042.6°° 213.33451°C  156.2842.6™

T3  0352001°° 4280421 10023411F 22412432°F 24407446 17498422 13148411

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
AB,C,D,EF,G : Values(Mean+SE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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ook O
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T21 CollAl AR 7 g A 9ol Hax|o] o]27lal 1 ©
a4 vehi e, AT 91 T1, T2, T3elA 7kl yse 44 6
g YERaL 1 o] & radhE A4S JERIITh A 6L Thai A
T1, T2, T34 Z+7} 205.62, 330.08, 273.73, 234.12 ppmo| Y iL, A% 9o =
211.53, 276.17, 247.29, 244.07 ppm .24 A|7+e] A afol] whE 7pubag ko] tﬂﬁr
GAg] v o] g PolWA & FAFgoEH ¢ io}ﬂ A}, 3 5(1975)L F
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W pHE ZAsAY AR 2 245d WS 2 & AT Stk B A
A3 A 4y AR £E 2HSE BFe T Aol Z7bHo] At
Aibol BEEt) ool YaldE B WuUd AR/l Bastin Bl

3) EASA & g7 ARZA

) EAEA
W Ae v o] g FolmAe SANA Bt ol Al EASHES Table 4-5el 1t
Bl gle,

Table 4-—5. Effects of dietary fermented Flammulina velutipes on carcass
characteristic in broiler chicks

Treatment

C T1 T2 T3
Live weight(2)  1284.58" 1388.25% 1302.00° 1322.08°
Carcass Weight(g)  824.25° 887.25° 807.53" 846.08"
Carcass ratio(%)  64.16° 63.91° 62.02° 63.99%

Total viscera, g(%)  246.08(19.16)% 257.37(18.54)% 222.48(17.09)* 225.08(17.03)*

Gizzard, g%  12.58( 0.98)% 12.33( 0.89)° 12.46( 0.96)° 11.97¢ 0.91)*
Giblets  Liver, g@%)  35.42( 2.76)% 34.90( 2.52)% 31.85( 2.45)% 34.14( 2.58)%

Hear, g%  8.92( 0.69)° 7.65( 0.55)% 8.40( 0.65)° 8.89( 0.67)*
a,b,c,d : Values(Mean+SE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

A &7 64.16, T1 63.91, T2 62.02, T3 63.99% =4 Haxlg] v o]§
HAE woldt dap e Aol W vEbsto A gkl fefAhrh A H
RN streut T1, T3oM = diz7et A7k el o] =24

2 7R FAN &2 wa A £

A vgkoy, ek 7F 2o A

colef e A= mAE AA] Fo] Al SAl9] Ao F7FeE HbH H 1R
A o =

o}
o] A2t f 5(2002)°] Huehs v dapgloy, fabwold e FE
= R ASFEE] AUl & v B B /loA] Apolis wEE A 2ok
o= 21(2007) ] Ao} fAReE Aabs e AT whebd 2 dge] At mA &)
F W 7P 5, QAR BAISAA BaAe v o] & AolHA Hole 9

) warv)el A4
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(1) TBARS(AAF =)

HaAd v oolg WeolmAE FA

Table 4—79 YelH nvfe} 2o

A7} 5ol Al TBARSZF= Table 4—6%}

Table 4—6. Effects of dietary fermented Flammulina velutipes on TBARS in
breast of broiler chicks

Da
Treatment ¥ Y
0 3 6 9
C 0.055+0.0022" 0.210+0.005%¢ 0.290+0.002%8 0.37440.004°4
T1 0.045+0.002°° 0.209+0.003%¢ 0.295+0.003%8 0.33340.002°4
T2 0.05440.002°P 0.180+0.002°¢ 0.20440.004°8 0.373+0.002°4
T3 0.05040.002°"P 0.1630.004°C 0.297+0.002%8 0.396+0.002°4
a,b,c : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)

AB,C,D : Values(Mean+SE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

7hE5% 9] TBARS7h= A %7]13bo] 7335k whet x4 5
b 3A7HA) TBARS7ZES] W3h= e xje] vl o] & FoHA H7EeE =4
TR e gS JeEh Y (p<0.05). o] 3 At g Ae v o
olate] Aksta N t vEhd Ao w BT e A% 6 o] F o= A7 el A

o7} A9l glglem, 9U= - 0.374, T1- 0.333, T2 0.373, T3 0.396°.2 T1
TE AYsties 271 Fdvh kA Ag7]gke] xld gl we} 7k 5ol
A kg A m o] g HolmAld o)gh st a = AaE= AR AR

Table 4—7. Effects of dietary fermented Flammulina velutipes on TBARS in
thigh of broiler chicks

D
Treatment ¥ &y
0 3 6 9
C 0.05620.001°P 0.229+0.002 ©  0.368+0.036*"B 0.587+0.002*4
T1 0.043+0.001°P 0.239+0.003 ©  0.356+0.006 B 0.514+0.003°*
T2 0.070%0.001%P 0.233+0.003 ¢ 0.285+0.003 °B 0.495+0.005°4
T3 0.060+0.001°° 0.233+0.003 ¢ 0.419+0.002 2B 0.493+0.0034
a,b,c : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)

AB,C,D : Values(MeantSE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

tha] 250l A TBARSZES] W3} Table 4—794 HE vle} o] A% 39 714 &=
2] 7 zkel 7t k. 28y A 69 o] & TBARS#H-2> A2+ T13 T29
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A ol A THp<0.05). A% 9¢ o] & TBARSEHS CFollA] 0.587, T1F+ 0.514, T2+
0.495, T3+= 0.4930.= HgA g 7] o]& Ho|HAle] FojFo] S71e5 TBARS
e Fol Ao R Yol tH(p<0.05). whepa] i SFollA] da e v o] & Polm|Al
o] ksta = A7l M H4F FFHAT L Bolw, T E3= 3% 9
Al Ethal AbsETh

(2) VBN(3ZA 718 &

2

)

g A]a]l 1 o]8 oS SAo H7t Fo] Al VBN RS Table 4—83}
Table 4—99l Yephd nle} 2o}

Table 4—8. Effects of dietary fermented Flammulina velutipes on VBN in
breast of broiler chicks (mg/100g)

D
Treatment ¥ =
0 3 6 9
C 1.79140.039°P 17.01840.183°C  37.151+1.232"B 41.186+0.387°A
T1 2.359+0.124%P 22.87620.2662C 42.028+0.154%B 44.614+0.207*4
T2 1.78240.015°¢ 17.02440.000°2 44.245+0.177°%  44.623+1.306*4
T3 2.173+0.018° 17.769+0.230P° 44.289+0.813**  39.723+0.494°

a,b,c : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
AB,C,D : Values(MeantSE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

A o] Mg =S e E VBN 52 Table 4—80 4 B iEnlel o] =& A g
TollA Ag7Ize] Agel met Frtele AFgE Bt ey ThETSedlA
VBN %2 Ag gloll&= S5 WHatE YA kvt A8 69 o] F waxe n
o] & ol WAL Fold Al EFol|A VBN gho] tlZzFelA B}l =4 vehde
o, A% 9 ol 22 AFS e S-S 545 = Aol 45 9

3L ] obu) Ak} vkl e A 4 31gEo] S5 7H(Field?} Chang,
aAg 71 o]& BoHAS FAFOoEN S FHSIE FoR
AlgH )

the] ol A 713F Aol w2 VBN#ES] ¥ 3H(Table 4—9)& EE A 2ol A]
frAkelAl 218 H ATk BaA e v o] WolWAlS Folg A FXe HItrE
of #ARLe] thxTel A Bth VBNgEe] o A vekstt. A% 39 VBN#E C,
T1, T2, T34 z+z} 11.589, 13.462, 14.337, 15.8220]1%0aL, A& 6Ll z+2} 33.915,
36.265, 39.235, 41.498=2 4 A7|7to] e we} VBN Wsh= AsiA 2ol
S YERIATE 7(2006)2 &3 Ao FE 7] sk9lS of AlS<] VBN Hsle
%S w5 FolA A 0d ¥ 3Yoll= =2 S YEp oy A 7, 1040 =
froldel A HA strhar sl oy E Ao AE tE ¢S HERITH
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Table 4—9. Effects of dietary fermented Flammulina velutipes on VBN in
thigh of broiler chicks (mg/100g)

Da
Treatment ¥ Y
0 3 6 9
C 0.931+0.000°° 11.589+0.210°¢ 33.915+0,154%5 36.442+0,307°4
T1 1.499+0.024° 13.462+0.222°° 36.265+0.320°2 41.629+0.384"2
T2 1.71140.009°° 14.337+0.384°C 39.235+0,230°B 43.302+0.189**
T3 2.137+0.024*P 15.827+0.5542C 41.496+0.691%2 44.195+0.395%*

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
AB,C,D : Values(Mean+SE) within row with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

ol el A nol WA 1] o § oML el Age] FANEL A
AFAE AANZNA B9, 2518 B ws) £AE ol Aol vhid

4) §3719 o5 54

7F) pH(F20] 4] 5)

waA e v o] FolAS S0l Wrt ol Al g
W w2

17]¢] pH+E Table 4—109 4]

Table 4—10. Effects of dietary fermented Flammulina velutipes on pH of
breast and thigh in broiler chicks

Treatment ¥ Breast Thigh
C 5.690.006" 6.03740.013°
T1 5.81+0.009% 6.407+0.024%
T2 5.82+0.029° 6.233+0.023"
T3 5.71+0.000° 6.210+0.010°

a,b,c : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

hegel pHE

= 2R ATl i 22 FAE HERAT. T3elM =
2

& ZfolE YERWA ko), T1d T20 = oA o2 A YEStH(p<0.05). o
IFoANAE pHe dzTE o AgTdA Fo4oz 52 FXE Yehldn
(p<0.05).

HH5S 25 T g9 Fyo] Ay A F A AT E=I Ty &

- 188 -



7] e ] A oA RS A EHY] Wit pHYF sk Al ®lth(Bendall, 1978).
M3 §(1999)% Seba] PARS Foldt $av]e) pHE tlxTel ste] weiria
Shoel vk 2 ApATeh e el E Atk Aw WA BEAe v ol §
oW slo] giizle] pHE A5A71E Q6] e E £ o WL@ AEst Dad)

oo Eo

o

T

T,

gt nl]o
MYzl

WEAel m o] g Wol A
@,

el At WES UepE(Lagh taTel uiske] Tl tha ko)
(p<0.05), T28} T30l A= BT} Aho| 7k glo] WAl m] o] § Holw el H7}e
We WsE UehA 2aarh md telagaAs A2 7k felxr} 4H A

o

Xl

Al H7F Fo] Al S4-E Table 110014 B Hhe}

Table 4—11. Effects of dietary fermented Flammulina velutipes on meat
color of breast and thigh in broiler chicks

Treat Breast Thigh
1> * * * * * *
ment L a b L a b
C 5362+0.38%  4.43+0.08% 11664032  50.76+0.65 1201+039°  15.23+0.30%

a

Tl  5230£027°  4.3140.10° 11374028 50.06+0.38 1264+0.17°  16.22+051%

T2  5291+012® 3.41+0.05° 1089+0.12° 50.70+0.44 11.014040° 14484005 °

T3  53.36£0.12°  3.89+0.05° 11.30£006%° 49.31+0.27 10.98+0.09°  11.08+0.19°

a,b,c : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

QAT E e =(ax) 32 753 o 2ol g1t A oA @
dom, wgAe v o]& Fo|HA HIlrFo] H&FFH AMEE Yol A¥G]
H(p<0.05),

FGA LS YR = (b)) gh2 7HEI o2 EFolA tiERTrEh A e Trel A e
HolAth 7hESollA FA == A 7F F 2ol HolA| &3kA T bt A

axg v o] AWo|WA HItpFo] ES4E Gt Yol 1Eu Tl
= G} tﬂz?g} FAFEAY =9kt o) AnE FEEe] & u Ha A
n] o] & oA S 1%TTolA HA7be SAo do] gloy 3%} 5% Tl e
2 A 5 o} %““Eﬂ oy tha 2o

rU

waAe v ol§ olWAL FA At el T YA gauvle] AAdF, F
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=

SR 2 B4EHLE Table 4—12004 B uhel 2o

A

Table 4—12. Effects of dietary fermented Flammulina velutipes on the
cooking lossl, total water2, water—holding capacity3 of breast
and thigh in broiler chicks

Treatme Breast Thigh
nt? c.Lt T.W? Ww.H.C? c.Lt T.W? Ww.H.C?
C 20.7240.06°  64.06+0.40°  67.65+0.10° 31.05+001>  68.37+008°  54.56+0.09°

T1 91.03+0.34° 64.66£013°  66.09+046° 20.67+0.22°  67.01£022°  55.46+0.28°

a

T2  2259+027° 63474003°  64.42+0.45° 20.62+0.17°  70.05£008°  57.66+0.28"

T3 24.51+0.18°  65.60+0.22% 62.64:t0.15d 26.22£0.49°  67.3420.05° 59.55+0.15°

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

THEESol A 7FA e T 20.72, T1 21.93, T2 22.59, T3 24.51% 24 W&
g 1] o] & WolMAS FoAFToRHN Ttz Ee] FA A Tk AEFE UE
WATHp<0.05). ¥FH g ESel A= Haxe] m] o] %01 H% wolgto 2 7t
Aol oo = = A4S BATH(p<0.05). o9 22 A= Al 5(2004)

Aol kA ST Halek fAFeRS T

o oA thZT 64.06, T1 64.66, T2 63.47, T 65.60%°] 3L, oF
= & 68.47, T1 67.01, T2 70.05, T3 67.34% %A 2] 7tol f24dL
U dde AS JERA okt

o TS A E 2T 67.65, T1 66.09, T2 64.42, T3 62.64%= W&E A
H] o] & oA HItpFo] =& R4S oo 74l (p<0.05), th
T 54.56, T1 55.46, T2 57.66, T3 59.55% = H7}5F0] &=
AHp<0.05). ¥} f-(1999) & gHefA] FAiks 7]EAtsed 8% 7t
I ASe] G Fro] wrelA M, 2 (2005)= FEE FHUtek A §A 9 B
oA o w FUFFRATHAL st eyt AT A= T aE A 7] o] & ol

7} Fo7F 7EES Bue ISl THERE S WAl BaE s A
&5 eSS oot

& GolMAe SANA H7t Fol Al Haur] HE% deleg
Wz gy Bl §al4e Table 4-13014 Rz uhe} g,
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Table 4—13. Effects of dietary fermented Flammulina velutipes on water
soluble protein solubilityl, salt soluble protein solubility2 in
breast and thigh of broiler chicks (mg/ g)

R W.S.P.S' S.S.P.s”
Treatment
Breast Thigh Breast Thigh
C 0.37+0.002° 0.50+0.002° 0.42+0.002° 0.84+0.009°
T1 0.36+0.003% 0.56+0.014° 0.4340.004° 0.85+0.011"°
T2 0.43+0.006% 0.68+0.007% 0.48+0.004% 0.96+0.010%
T3 0.40+0.002° 0.4440.003° 0.4340.004°° 0.8840.007"

a,b,c.d : Values(Mean+SE) within columns with no common superscript differ significantly (p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

A5 e e wilES O gl wet ST, d8AdGHA B
Frldamds BREt 2 AFA3 FeAAdamd Y &g 7HE tEas B2
FollA T20l4 7Fd 2=k o™(p<0.05), T3ollM = Yol Auts Bt d-8A
Aol &l mek T204 71 %™ (p<0.05), T3AA & wolxl A& HS]

olelgt Ayt T el v o]& HoWA Foje TR o8] A o
FdFS =T 8-S FAS Ao AIRHEH, St o AT
Fule] 71odsiy, A8 dNAe 2P FE Tk SN ER SUFE Al g
T83 uE THxIn o] A #8843, d&ddmAe] gajdel g daEA ] T
o] oAl el gt M7t FoFTES ALRY 3% AR FEHA

EEEAR

g Al v o] & WolHAS SAlo M7t wol Al Harv| 9] =AW 2 Table
4—140) 4 HE= uvpe} 7

Table 4—14. Effects on dietary fermented Flammulina velutipes on crude fat
of breast and thigh in broiler chicks

Treatment ¥ Breast Thigh
Cc 1.1140.035 1.6240.033°
T1 1.1640.012% 1.9540.054°
T2 1.2240.056™ 2.01+0.073
T3 1.2540.031% 2.23+0.050°

a,b : Values(MeantSE) within columns with no common superscript differ significantly(p<0.05)
1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

HaAe v oo]g oAl ojol mhE =AW T2 JhE v Bl

- 191 -



A FoTFTEs YT SUetE AES UEAT ThEE Sl A =AW o] C
TollA 1.11, T1 1.16, T2 1.22, T3 1.25%% Z=g vl 2jo|=

2b 57 A9k geldSa s =AW sheFe] CellA] 1.62, T1 1.9 5, T2 2.01, T3
2.23% 0.7 Ha Ay 1 o] & Ho|HA ] FoFTol T g wEt fFefHer FUt
3 tH(p<0.05).

AT A% daAe v o

SE= A= Aew wd

Yol H

>

o 3

£
rr

SAS] & W AL

ftlo
1ty

ol

it 0?0
o

o

Hh) oAb 2

HLBJW/] nl o] & oA S % Joll 7} 5o Al Farr]e ofw =4t A7} &
S Table 4—15%} Table 4—16 2, 79} Figure 8¢ YEHATEH

Table 4—15. Effects of dietary fermented Flammulina velutipes on the free
amino acid in breast of broiler chicks (%)

Treatments *

Free amino acid

C T1 T2 T3
alanine 1.96 241 2.12 2.40
arginine 1.43 1.72 1.53 1.74
asparagine 0.76 0.90 0.81 1.02
asparatic acid 1.19 1.51 1.19 1.39
cysteine 0.00 0.00 0.00 0.09
glutamic acid 2.74 3.37 3.28 3.58
glycine 0.82 1.01 0.82 0.91
histidine 0.61 0.91 0.83 0.97
isoleucine 0.70 0.88 0.76 0.87
leucine 1.44 1.72 1.47 1.69
lysine 1.44 1.84 1.39 1.85
methionine 0.52 0.64 0.55 0.62
phenylalanine 0.84 1.00 0.85 0.97
proline 0.00 0.87 0.37 0.94
serine 1.51 1.85 1.63 1.83
threonine 1.13 141 1.52 141
tyrosine 0.98 1.23 1.05 1.25
valine 1.02 1.29 1.12 1.27
Total 19.09 24.56 21.29 24.80

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 4—150 4] ®i= npe} o] 7}&5Z&o A oln| Al dako- € T1, T2, T34
7}7} 19.09, 24.56, 21.29, 24.80% 0 & W M n] o] & Wo|HAS Fofgo =M HA|
ofn| w=AlE dheko] FrbEFth A E¥ W3l Figure 7] YERG vRe}l 7Fo] alanine,

arginine, asparagine, asparatic acid= Wax g 71| o] Ho|HA Foj5o| F7}13H
of wel kol FA WER o™, glutamic acidv ATEI FEoLE FobA

Glycine, histidine, isoleucine, leucine< tHZ7-ol H|3}o] = 2] Foll A A = {';*9}2
| lysine, methionine, phenylalanine> T13} T3 A= koL T2o = 219
H] 523k =52 UEHATE Proline tixTollA = HEW A Skt Aol Aqrt
steFo] Q1A ¥ %lt}. Serine, threonine, tyrosine Valme%E g 21g] | o] & ol

S RATA A e & SN FERIEE B A B A )
#are] ofmmal getel ol 7k §19lot ﬁﬂgih kol 7k QAetaL sk, o) 4
o Anz B w HEAY v o] § oW Aol B opulwit FAAXE ] EA sl
sy 240 MEHE AL AoR AL,

mg/100g
meat

mC

Tl

mT2
mT3

Free amino acid

Figure 7. Content of free amino acid in breast meat of broiler chicks fed
fermented Flammulina velutipes

g tSoll A ofn| Ak S Table 4—1694] X vk} 2ol C, T1, T2, T3elA]
ZY7y 17.46, 25.95, 20.90, 26.36% 2.2 gjz=7- vt T1, T2, T3A AASHA 57}

stlth. 2oy T201 4= T1,3) T3l lste] s vebuA & ¥ HE7F dasin

obv| .=t FHH FEFS Figure 8 EAIE vRe} o] tift o] ofm=ibEo] Tl,
T2, T3olA =4 YEF T}, Glutamic acid, alanine, arginine, asparqtic acid ¢ $heF

o] =2 FTE& YEI e dizFol Hlste] Aol A dAg F7HE YERSL
o 1 9o F8 opn| A ERE Ayl A dEFo]l =9k v 53] lysine, serine,

valine Bo] @AF 2712 tehigich. 2oy wE BelulA FlFES F7 A7
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% 1o ggakel ohu et ol /A ehgkeh, whebA vhel28e] ofnwmAbe
& Spol7] AN waAL vl ol WAL FAEE 1-5u el 4
G188 F Aont 1arrAd FelelelE Pasha .

Table 4—16. Effects of dietary fermented Flammulina velutipes on free amino acid
in thigh of broiler chicks (%)

Treatments ¥

Free amino acid

C T1 T2 T3
alanine 2.14 2.74 2.47 2.63
arginine 1.28 2.04 1.29 1.70
asparagine 0.80 1.18 1.03 0.44
asparatic acid 1.46 1.90 1.60 2.22
cysteine 0.07 0.04 0.12 0.04
glutamic acid 3.41 4.00 3.57 3.46
glycine 1.20 1.60 1.33 2.11
histidine 0.55 0.82 0.69 0.75
isoleucine 0.50 0.75 0.54 0.75
leucine 0.99 1.35 1.05 1.31
lysine 1.46 2.60 1.45 1.96
methionine 0.36 0.53 0.39 0.43
phenylalanine 0.56 0.78 0.59 0.72
proline 0.43 1.71 1.80 1.31
serine 1.76 2.70 2.10 2.66
threonine 1.15 1.78 1.71 1.63
tyrosine 0.73 1.03 0.76 0.98
valine 0.75 1.14 0.84 0.96
Total 17.46 25.95 20.90 26.36

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes

AR A EAE 24

gAe] v o]& WolHAS SAAE HIF Fol A Har]e A =4
Table 4—173} Table 4—18¢] A ]Q“E} 7hEtS ] A uak 242 Table 4—1701 4
K= upef o]l Mg e v o] & WolMAlS FolgtogH @ Wyt yEs
SESA A F C14:0, C16:0, C16:1, & C17:0 ko] F7}8l%a1,C18:00] 748k
LA ibabe| A= C18:2(n—6)7F T 713813 OD% C18:3(n—=3)7} C20:47} <94
o8 F7FsklvH(p<0.05). E3xst Ak gkl C, T1, T2, T34 27 67.69%,
67.71%, 68.85% % 69.76% 0. % Wo| T7}st 2™ (p<0.05), USFA/SFA H]&% &
A etA Wstst At (p<0.05).

flo
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mg/100g

meat ae

HT1
mT2
|_RE]

Free amino acid

Figure 8. Content of free amino acid in thigh meat of broiler chicks fed
fermented Flammulina velutipes

J-S Table 4—189| 4] B uje} o] Wt x| n] o] & 3
o2y W Wyt vEsth L34t 5 Cl6:00] Frejd o= 7t
ol 5 ot} BEIA A FolE= C18:2(n—6), C18:3(n—3),
:5(n— 3)7} o)A oz 78k tH(p<0.05).

ii} A WAk g=Fol C, T1, T2, T3°ﬂ/\1 Z+7} 68.53%, 70.38%, 70.79% 2 72.22%
YERNtH(p<0.05), USFA/SFA B]& % A A3A W31 tH(p<0.05).
ool A¥E Hol WgAg m] o] § A m 18 S A A R A7} Fosto 2z 7}
S5 eSS At 248 sk 2 2 sle® AR Hh

)=
=
=
=
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Table 4—17. Effects of dietary fermented Flammulina velutipes on fatty acid
composition in breast of broiler chicks(%)

Treatment

Fatty acid
C T1 T2 T3
. b
C14:0 1.41£0.00 1.4420.02 ° 1.59+0.03 2 1.54£0.07°°
C16:0 22.89+0.30 ° 23.71+0.91 ° 22.51io.40:’lb 21.14+0.29 b
. b
C16:1 5.05+0.04 5.23+0.11 b 5.62+0.12 ° 5.05+0.14 b
C17:0 0.17+0.01 © 0.23+0.01 b 0.30+£0.00 ° 0.3240.02 °
. b
C18:0 7.84+0.02 ° 6.91+0.39 b 6.75+0.26 7.2510.11ab
. b
ci18:1 44.7240.25 44.26£0.48 ° 4464031 ° 45.19+0.24 °
. b b
C18:2(n-6) 13.8940.18 14.11£0.05 ° 14.2140.17 165.08+0.23 °
. b
C18:3(n-3) 0.52+0.00 0.5740.03%> 0.63+0.02 ° 0.59+0.01 °
. b
C20:4 2.57+0.02 2.6210.04ab 2.86+0.11 ° 2.8740.10 °
C22:5(n-3) 0.42+0.03 0.4740.01 0.44+0.01 0.4840.01
. b
C22:6(n-3) 0.53+0.01 ° 0.45£0.02 © 0.46£0.01 °° 0.50+0.02°°
b
SFA! 32.31+0.31 ° 32.29+0.63 ° 31.15+0.46° 30.24+0.22
b b
USFA? 67.69+0.31 67.71£0.63 68.85:£0.46° 69.76+0.22 °
b b ab a
USFA/SFA 2.10£0.03 2.10+0.06 2.21+0.05 2.31+0.02
n-6/n-3 9.47£0.29 9.50+0.14 9.30£0.22 9.60£0.14

Values are means of 4 egg yolks.

C14:0(myristic acid), C16:0(palmitic acid), C16:1(palmitoleic acid), C17:0(magaric acid), C18:0(stearic
acid), C18:1(oleic acid), C18:2(linoleic acid), C18:3(alpha — Linolenic acid), C20:4(arachidonic acid),
C22:5(DPA:Docosapentaenoic aicd), C22:6(DHA:Docosahexaenoic acid)

1 USFA(Unsaturated fatty acid) : C16:1, C18:1, C18:2, C18:3, C20:4, C22:5, C22—6

2 SFA (Saturated fatty acid) : C14:0, C16:0, C17:0, C18:0

n—6/n—3: C18:2 / (C18:3, C22:5, C22:6)

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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Table 4—18. Effects of dietary fermented Flammulina velutipes on fatty acid
composition in thigh of broiler chicks(%)

Treatment

Fatty acid
C T1 T2 T3
Ci14:0 0.80+0.08 0.67£0.02 0.68+0.03 0.74%0.02
. d
C16:0 23.04+0.21 2 21.854017 ° 20.81£0.25 © 19.58+0.15
C16:1 5.88+0.09 b 6.50+£0.15 ° 6.50+£0.06 6.7240.13 2
. b
C17:0 0.26+£0.02 ° 0.22+0.01 b 0.22+0.00 0.2640.00 °
ci18:0 7.37£0.05 ° 6.894014 ° 7.50£017 ° 7.21013%
c18:1 43.78+0.30 43.41£0.17 43.52£0.40 43.78+0.17
. d c b a
C18:2(n-6) 14.59+0.14 16.0240.01 16.32+0.09 17.12+0.08
. b
C18:3(n-3) 0.56+0.03 © 0.74£0.01 ° 0.65+0.01 0.77+0.02 °
C20:4 2.71£0.10 2.79+0.06 2.74+0.13 2.82£0.03
. be c a ab
C22:5(n-3) 0.48+0.02 0.45%0.01 0.56£0.01 0.53+0.03
C22:6(n-3) 0.53+0.06 0.48+0.01 0.50£0.02 0.47+0.02
b
SFA' 31.4740.27 ° 29.63+0.08 ° 29.21+0.36" 27.78+0.04 °
b b
USFA? 68.53+0.27 70.38+0.08 ° 70.79+0.36° 72.2240.04 °
b b
USFA/SFA 2.18+0.03 2.3840.01 2.43+0.04° 2.604£0.01 °
n-6/n-3 9.27+031 9.60+0.04 9.56£0.02 9.67£0.10

Values are means of 4 egg yolks.

C14:0(myristic acid), C16:0(palmitic acid), C16:1(palmitoleic acid), C17:0(magaric acid), C18:0(stearic
acid), C18:1(oleic acid), C18:2(linoleic acid), C18:3(alpha — Linolenic acid), C20:4(arachidonic acid),
C22:5(DPA:Docosapentaenoic aicd), C22:6(DHA:Docosahexaenoic acid)

1 USFA(Unsaturated fatty acid) : C16:1, C18:1, C18:2, C18:3, C20:4, C22:5, C22—6

2 SFA (Saturated fatty acid) : C14:0, C16:0, C17:0, C18:0

n—6/n—3: C18:2 / (C18:3, C22:5, C22:6)

1) C, none; T1, 1% Flammulina velutipes; T2, 3% Flammulina velutipes; T3, 5% Flammulina velutipes
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3. T

AT v ol g AR o] Ay} warv) el Aty FAd mAl= dEFE =
AbsE7] Ssked R E AT A o] MAAE FFl A vl o8 AjEo] wAa 3
oS FAS HEAGE A s B el vA=s AELENN F o

o3} 7ro] 470¢] Aldd] AFLsHT)
7b. AZA Y 1] o]& BARL 2% AT QA

74]3“34011 ek A=A v o] & WAt e Foqayns HESH] fske] 50
X OPO]E} ARA 22475 MW FEoR W] ETH(O)E VI RARRRE
040} A 17T = 712A R AxAe € v o] g oA 1%E, A4
2?(T2) AzxAE d v o]§ HoWA 3%E, AlF 37(T3)= XA € v
o]& oW A 5%E 75 T Holsdith olofA 6058 9 sholel 22445
A FEe® vl 27 (0)= ZIRAMRRE Folsian, Al 177(TH = 7124
ol AxAY € v ol& oA 1%5, A 27(T2)= AxAY & v o]&
oMM 3%E, A 37(T3)= AxA | v o]& FoIwA 5%E 75 T =
ottt dol A= v 2.

1) Az MEo)mAly} HolmAlL 7| AR 0.0%, 1.5%, 3.0%, 4.5% 3] 3}
AS w A7 T AbEE, AFRAAFHAY, AR TS A el foAF gl

i

2) AzxAE AEolWAE Fod A9-T2¢F T3 AlA E. colitt57}F 28t Al 74
31 2™ (p<0.05), T3NA Salmonellat5=7}F 7328t tHp<0.05). AZx=]g] Ho|u
1S Fo3 A9+ T1, T2, T3NA Salmonellatt<+t E. colitt<+7} o] H o &2
F 28 tHp<0.05).

l

n\l >,>~

3) AxAE AFoIMAE 1%l Fol7-olA Al W ¢t yolrps whagsko] 3t
ﬁ:é}‘ﬁ'ﬂr(p<0.05).

AzxAe AFoimileolt HolHA S H7F Fo sils W dF2 A 1l A
017} AN}

) AxA Y AFolwAlolt Bl AL Hrhdel 9l u U ms EFUE
7 vk g go, Fol7t Q4EA ek dgAe g gk Aol 7} gl
ok,

) AzA Agelm Aol PolMAS A7k ol e w wE A FolA o

Z+d o] A E A (p<0.05).
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7) AxAY AFolHAle M7kl Al FoaEol TS AldA TRl

AAR T (p<0.05).

U EEAT b o] & B A% AT AN

A stel st daxe] v o] & WAL woanE AES] Yste] 605
o] o|AlH R A 2095 47 PR R Yo dE2TH(0)E VI RAIEY 7
o 3FGaL, Al 17(T1)&= 7| 2Ab= ] waAe @ v o]& FoAl 1%E, AE
2?(T2)L‘ Ha e g v olg HoWA 3%E, AlE 37(T3)E= Haxe € v
o]& WolMA 5%F 75 F< Folaksitt. olojA] 60F# <] stolEt]l 307E 671
TEOE ol 1‘411?((:)b 7| Z2APERE Fol8kelar, AlE 17H(T1)= 7| 2=AE
g ® v olg WA 1%E, A3 2?(T2)L g v o] Yoy
A 2%, A9 37(T3)E Haxg @ v o]& oA 3%E, AF47(THE &
gz ¥ v o] HoHA 4%E, AF5TH(TH)E Laxe ¥ v o]§ Ho|HAl
5%= 55 woF o3t doix Ay bgS3 2

D) @EAE 0] o g Aol REAE BolMAS 71 2ARA 154 5%
A AhFe] HRe u AAE, ABHAY, ARLTEAE A o) Ao]7t

gLA .

N}

) HE A 1 o] HolHAS A7l Fo] Al T1, T2, T3NA Salmonelladt57}
39 3(p<0.05), T4} TH5olA = E colid57F 7323819 T (p<0.05).

) wEAL v ol§ PolMAL A7k Fol Al GELjol sk Az 1
3te] T1, T2, T34 Fd o= 74 (p<0.05)3 oy, T49F Tholl A= 2ol 7}
At

4) Za A Aol FaAe FolwA HrkEe] Al Fel 45 Fell i
7b FEE e v o] A H AT (p<0.05). T A S A ] kel Aol 7 §
At

5) wraxel v o] & AlFolHA H7bod Al T1, T2, T3oA &2+4d 7ol
B}t TH(p<0.05)

#g] zhel

o
o
rlo

) Ea A v oo]g MFoImA Mkl Al dnbat Sike] E3
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ZFol 7k glitt.

7) EEAY v ol g AFolMA HIbEo] Al FoleEe] S E Al A

Zko]l Aoy X tH(p<0.05).

8) TaAT v of& MFolw A M} FolgeEe] TSRS i o A
Ab Rl Zhasshal, EXESAIYA o] EobXltH(p<0.05).

ol gel AsE FFHW WEAY v ol§ MALAL A
g TR 2, AR ) gmiol 7k M) Bk,
Aol A, Aw AB7Ibe] A, B W AR 249 A

=t

o AxAE 7 o]& WAL A% gar) AN

Sar7] Akl st Az v o] HolWAle] FaNE HESHY] $35tY
SA ®Wolg] 9675 47 1FoFE Uro] YR H(C)E Y ZRANERE 5oIEkelar, Al
d1H(THE 7li4 of AxAe # 7 o]& oA 1%E, AE 27(T2)+= A
ZAe @ vl o] g HolMA 3%E, A1 37(T3)= AxA % u] o]-& oAl
5%= 65 woF Folstdtt. doix Ay vSa g

) AP vl o]& HolWAE 7| FAR 0, 1, 3, © 5% H7Isle] Folstele
SA} A RAAATE B AR TEANA HE el o)At i

2) 7z 1] o] & Ho|HA S Fos A W W Salmonelladt7F AASA A4
3R oY (p<0.05), E. colir+= ZJJAé}X] 3kt

3) A9 hEYolrfs WAES A 1| o] & HWo|HA Fof o] =& E
At A AT E}(p<o.05).

4) TAEL “Foll Hlsle] T1, T29} T30 ©& Agko|dlth a8y FoAd2
Q1= A %—%%B}

5) 7hEo 53 v 5o A T A== vtk Tl Hske] T2k T3
oM Feldem ShtH(p<0.05).

6) 5419 AAEE ] 0§ PoluA Fol Al FhEFel A WOt W 2
|1 =0 (p<0.05), FHEE ] o] oW FolFFo] #2452 5t

- 200 -



Az 1) o] & FolwAl Fof A ThEE o] 7R o S HH(p<0.05), B
22 ol x 01 (p<0.05), the]EHolA =

4 2

S84 Gt thel 2ol A thape) vstel el
A Skok(p<0.05), 984 BMd] $HYE A F7HAATH<0.05),
0) 7hEge) 2AY FFE AAY ¥ olF BolMA FIFE BIFE 7

10) 7k ofv] Atk ek
A
Bttt

11) AzxAz] v o] & Pl Als A7t ol 4
E3f A dE AEAIT]AL

o1gel ANE FEMASY AxAe ¥ o] PolMAL KA YAt o] §3
AW T e el g, AR ) RVl 7hs MAgFe i, vhel o)A A

o]

Swo] G, Zht e el FAES] B, wavlel 9§ Bl §a

q F7h hEegst velegala ohnwase 27 Havlel A4 B,
A o

2t E A2 7 o] & MR A% gFar] A

Sa7] kel Wi dEAe v o] &MAe Foads eS| flste] S
Bote] 9675 47 TF R ol iR TH(C)= TIZARRY Selskglar, Al
17 (TD)= 712Abgel HaAfe] € v o] & FolwAl 195, A3 27(T2)= ¥a
A ® v oolg oAl 3%E, Al 37(T3)E Baxe @ v o] g PoHA
5%E 65 F< wolatslrh dolxl Axe o3 Zh

>
o

>,>~

1) waxe @ v o] g WAL | 2AR 1, 3, 5% H7F Al SAFT AFRA
el 2ol 7k itk ey AP R 8 &S B2l Hlste] tha A

3) At T dEYolrf WAl vy A

AcH
=)
o
oo
o
o
I
P
tjo
|l
£
i
o
b
X
ol\
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4) =AEL 2Tl Blete] T1, T2, T304 vha stent foak= glih
5. 2a Ag| v] o] & oW AE FojdomM A% 6t 9l velgo AW
A== wholb ] 0 (p<0.05), VBN#ES tiz o H|ste] F7hahaint.

6) LaA e n o]& WAl Hol Al 7hEEF I thE| 2 SellA A e} G w
= Yol oM (p<0.05), HE2] Ao
7) HEA e 7 o]§ WolWMAl o A thy
H 21 (p<0.05), 7FEESol s A3 =

rir
e
o
ol
o
D)
&2
xS
N B

8) 7ha & vdElH o] 84 % A8 @ S T2 7MY w9kl
M (p<0.05), T34 7p Sk},

0) 7hr 3t thela e 2AW e waA v olg BolMAl Fo 170l

gobgel el fola7l 27kl e (p<0.

(@]
(@]
~

10) BEAY v] o]§ WAL FIFOREM F15{h thel THel A ofv] e
A ggo] ool lske] Z7hekgl ot T13) T30) Hlske] T2olA thi e 7

11) 2a A v o]g HomAls FojdomA 7IaSa tdeladg W 223
gFol FoH oz S7HeF oM (p<0.05), EsPAEALel theh = EskA

olZe] A¥ts T nFet a Al v o] & WolWA S SA L o] & Al
AU HY nAEe A T ESd A ta s Bade 21, 7145 e

T opm|mabgtREe] S, BRSAAE S7F B2 A AkEA e S 71
kel
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A 18 A &

Hemicellulosel} celluloses A 720l o] EA|8t= o] QufaZ A 2}<d A o
Tt EAsks vdRFoltt. olH3t ddRES Abgel o8] EaE X o]
ujitoll Bhe| glote} FFo| 2R ALEE U3 FE Edlste 24E ol &3] 9
3t A 7F =8 Fo|t}. E A2 Hemicellulose?l mannnan< mannooseZt7]E9]
B—1,443% 07 AHAMHPALELE R o] Fo]Z mannan, mannnan®] 7]EFZAo] a—1,624% 2
= galactose’} A3¥E galactomannan % mannose®}t glucose’} F2H A o= 3
—1,443% 02 AZd¥0] 9 glucomannnan®.® A% o] th. Mannan®] A)E3H2]
%3] B—mannanase®] 2|3 mannan TFEF9] B-1,44F0°] MR #e 4
ole]  FElade]l Hvh AAE®E  ufs  Hold  Sude Al
Bifidobacterium® <& °|UA| Y2 S
g el fral P E

=
o 1 =
e feld TR Y AWAT L f

O

i
oX
o
g
B
=S
>
R
rlr
oX
o3
4o
o
e
2
N
)
o
of
o
i)

- A
& A3tAI717] wW&ol mannanaseE ©]-83}9] galactomannans -3l 5]

°F 40% ol/S AA|star 9lom, o]y gt cellulosed 7] FA4EU glucoselt
ethanol©. 2 9] wWgto] thalr B2 A=Al vt o]H gk cellulaseo] ]
cellulose®] #3]7]2F2 sequencial mechanismol 2|3+ A}52Fg0] FHofglo] whol=
o] %31 9o Woode} Eriksson< endoglucanase (EC 3.2.1.4), exoglucanase (EC
3.2.1.91) % B—glucosidase (EC 3.2.1.21) 7} TAlol =T w) o] 52| 528
ostol 2AY celluloses wel e 4= dvkar Bal &3ltt. o] 23 glycosidases (EC
3.2.1.X)9] catalytic domaine o}n| =it L5 FAMAE Ao welba] Holx 83
N ol aFo® EF 2 4 A Glycosyl hydrolase family 82 749, 67H9]
el 6710 979 a—#Y 22 FHE 7H (a/a)s barrel FEH®= AT 2E FA
sl Aow A dow digF 2070 HE9] conserved region®] E£A|sHH 9]

< aspartate (D) 7|17} Fu wkg-oll QlojA A A A& sk o= A A
Atk oA g M ABE FE cellulaseE o]&sto] Af 7Fe, AAl H7MAIR AR
o =% o]& 7bsdlth Abgro]l Eafsty] olEy " 7IdS Tt dess A

HEE SYNYL AF WA EE AR AAARA o8 AsFoRM HYHo

o
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= A 7R e Ao R AlRE.

cyclodextrins(CD) a—1,42F3AY Ao =& o]Fo]Z cyclic oilgosaccharides©]

t}. o] gt CDAALS Evjst= @42+ CGTase(1,4—a—D—glucan 4—a—D—(1,4—a

—D—glucano) —transferase)°|t}. ©o] 4+ = oz o~ U2 it 7)dS

T} 2 transglycosylation ©AIE A o2 v cycylic dextring A4k

3l CGTase? EAHS 60-110 kDao 2 thakslm, ube|ejofol A w7 ¥ o) %] a
2t Bacillus species@H-E CGTased4to] dnbd oz 71 da] a4

CDst W¥el &4 $912 /b melwee] 28 /AAn dof e 254 2
A4e bRE BEAE T 5 Aok oUW SHOR A3 4F, /188, Ao
W OAR QR olUe AEES, B9 SO Ropld tisA AgsHod
Stk AFERokNE ZUsHE A AFEAL A Aol wel duel UA
AR ol§ Fhsa, Al AN A% AN B84 SR F85 Fol
088 & Utk FyAl 48 6P CGTased olfao] Balel tie A4
o WA A7t E2 Ao dge

B oATE v ol § WA AU ERHOE o] 8T & U BRI Haol A
We BHoE U5 UIF AHSE $US AU FFE oY A9 B AE
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A2d WMAE o] &F 716 8w AY 5 A R B4

L. R

3

v

-
it

Jo re

& =

T T o] A9e] EF AlRE st o] A& 1go v
10mlel]l ¥ il vortexing mixerE ©|-§ Z5A nuksk o 6uhA 314 Hy How
LB ¥ 3 %] (Polypeptone 10g, Yeast extract 5g, NaCl 5g, Agar 15g /1L)o] =%

3ol colonyES =AU

1:01'
4
1o,
M

=z
T
==
T

it oX

1)
=

2

=2

gaRel 2ok AMARRE §8E4 A4 FFE B fad, 2ot AuA

o B UE 2 ke AFHe], 500 g A o Zepa Tste] 39 Ft u)
F, ol Felz W 1 mie] 2oke 1Al Fele] ok 100 g &
Fstol oAl Pejm W@ wsbA wjeFstgon], 33 W WS ol 33)

H
HREsE pfokalS 0.5%9 xylan, CMC (carboxymethylcellulose), glucomannan}

CMC, xylan, soluble chitosan, colloidal chitin, glucomannan, locust bean gum %
soluble starch& AF&38Fitt, Zhzbe] 7142 dlgF 0.5%7F SA FaujAo H7}sh
Atk 71do] 7k HauiAlo] e AFS F 37Ce 29 Ft mgsidtt. 1
% CMCe xylane] g% H3# vl#]+= 0.1% congo red Moz 1057+ A3k
9, 1M NaCl g0z g5t CMC2 xylan, glucomannan % locust bean
gums It THE VM d e H2A Woagke-sof HE o5 FHOE O
WA S Fho] YERRETE Soluble starch7b 3y H#wlA & 2% K1/0.2% 1, &9
o% JMG F g5 FHORE FHso] Uy i FE soluble starchE #3f st
S 2 WEsilv. 1 99 bg3di<l colloidal chitin® soluble
=
Soluble chitosan< chitosan % 10gS "5 400mlol vl EHLE o] &3l 1L
gkehe st IM 24 &4 90mls H7FsGlth 9hd3] =<2 $ 1M sodium
acetateE ©]g3le] pHE 5.022 HASH 1LE w33t
Colloidal chitin< Robert—Selitrennikoff ¥ £3}o] A 23} T}, Chitin 2 20g
(C9213, Sigma)ell ¥3} HCl 350mls H7FsE 3 4TColA 312 o dhA) Es A7
th o] Eg el 2L A7k 95% e HbE & e}
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5Col A WAEHATh The 5,000g, 4Cel A 2083 A4 Re Fho] ARG 35 @
5, BagE olgste] =S Ao pH7E T4 (7.0)0] HEE BASIH
2219 TR el A7kE AN S5E BHL Bl P Fo| FRE
waggen, A%aa g 28e AT

3) wEE T A 2 FAdA 4

AHE 5 Bergey's manual®] Systematic bacteriology® A% FE|SHY, A
2let 4, Asleld B8 golstginh. wmak Ay w3 Ae TAHLS 98k A
WAl @Fel DNAE elsjel thesh o] gelaisih A Mg dEE LB

mM Tris—HCI, pH 8.0, 400 mM EDTA, 1 mg/ml proteinase)= #7}3l 50T A 1
Al 7H%5SF 1ysisdlal phenol—chloroform .2 A A8+ 22, A A 8F samples 99% of &
=2 JAAAA Ttevdd g o® A DNAS Fob 358k 3ith. 70% &=
&= ARt Azt 5 Hatgol &A1 A FAA DNAE Z2lsisit. oA &g
¥ DNAS F¥o= 3dto] PCRibgS 33l e, PCRel A& primer= E.
coli 9 16S rDNA9 upstream 9—27bp®} downstream 1,542—1,525bpe] F S-S
oligonucleotide® 2FJ3}A Yt (primer 1 :5'-GAGTTTGATCCTGGCTAG-3',
primer 2 : 5'—AGAAAGGAGGTGATCCAGCC—-3"). PCR Thermal cycler
(Takara thermal cycler)E& AF&3Fe], 95 Co| A 30%, 60Co| A 30%, 72TCo|A 1+
of z7lo & 303 Fe b HT 72Co] 10%7F A GAE Fdsoi). %
¥ @dHE pGEM-T easy vector (promega, USA)°l cloningd}e] 16S rDNA %
Zpe] A7IMES AAI the NCBI  (National Center for Biotechnology
Information)®] BLASTE &l 454 vludith, s #5794 A 5119
FAAAE Ldolr 7] 95 16S rDNAE 7|22 3}, ClustalX programs ©]-&3}
o] phylogenetic analysisZS 3§38} ).

2. AF 5 Ast

7154 R A4 2o B
(%3P 9l E%bﬂ/ﬂg] N
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7] 98l AES AFBE 69 A FIHOR FRUE EEAIZ F, 7M7)
2 1S02, LS03, MC03, MC04, MR03, RS01, RS073} RS08% ™33t}
FES 4749 iUt e A A 293 Mg 1 B4 f
A AT (2¥81—-1, Table 1—1). Soluble chitosan< -3k 3 Fhuf =] o] A = MCO3,
MCO04, LS02, RS073 RS08¢] 723t &35 HeEpIglem, RSO1, LS033 MRO3¢]A]
T ooksl &S #ET 4 QST Soluble starch7b &-fr¥ SF v Ao A &= RSO1,
RS04, RS07, RS08, MR03, MC01, MC02, MC03, MC04, LS02¥} LS03¢] 73l &4
= WElile, MRO3= °Fgh &45 etk CMC7F e Hau#]oll A=
RSO017 LS03¢] Zgt &S Yerd A

(=

40t

a3y 1-1.
A3

A) soluble chitosan, B) soluble starch, C) CMC
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Table 1-1. g4t QA Bl & 50l 93] 7|4 S Sl o]&
7V v

RSO1 RS04 RSO07 RS08 MRO1 MRO2 MRO3
soluble chitosan 0 - © @) - - 0
soluble starch © @) © @) @) © @)
CMC © 3 3 3 3 3 3
MCO01 MCO02 MCO03 MCO04 LS02 LS03
soluble chitosan - - © © @) 0
soluble starch - - ©) @) @) @)
CMC - . - - - ©
©; A3k &4, 0; o3t &4, —; &4 &
(2) 974 Q1 Eo X9 7 sAdEFE At A= g
GHAE QI EYOA HA S o] &5t 7 sAYH Aol 7hes vAES wEls)
S 6A sl FyHow FZUYUE FEAIA 40 F9

i o] A

single F2Y%& @,JS}‘}M. Z7ke] 452 DAU1001, DAU1002, DAU1003 ~

WSt B dFES 247 Rt e Ea
Hjj <] of] A 2%_‘7& ket § 1 g9 fE WHSATH 1™ 1-2, 3, 4, Table 1-2).
Soluble chitosano] ¥+¥ Fujxo] A= DAU1005, DAU1007, DAU1010,
DAU1018, DAU1019, DAU10253 DAU1040 FE°] XS ehhglow,
colloidal chitin& 33+ @l =]o A= DAU1030, DAU1034, DAU1038 18|
DAU1039¢] #3FSo] kAol &A<S et} Soluble starch® 3Hg-aF  whu)
Aol 4= DAU1004, DAU1007, DAU1010, DAU1018, DAU1019, DAU10259] 57}
7 A4S YeEbl e, DAUL034, DAU1036, DAU1038 2832 DAU10409]
F7F ofgk &S dEhide 28 CMC7F $HrE W3 s Aol A= DAUL004,
DAU1008, DAU1010, DAU1018, DAU1019¢} DAU10259] #57} 73 &4 e}
Wslew, DAU1006, DAU1007, DAU1012, DAU1016, DAU1017 2832 DAU1040¢]
e e A4S Vbl 18]al DAU10259 DAUL045% xylans 28] 8h=
S 7 Ao g gelEdon E3 DAU1002, DAU1006, DAU1012, DAU1016,
DAU1023, DAU1030¥} DAU1040-2> -+ (tributyrin) #3 &S 7PA3 S 3l &

T ATk

i
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3t

&

=
=

FE9] soluble starch

i

3t

°ol&

Byl B FFE) CMCE

—L
s

]

—-3. g4k R

1

a4

JoH

)
e
m-
oF
Jlo
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9] xylan&

g @5

=]
RN

ol A 2]

1oH

)
=
-
oF
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Table 1-2. Gf4F A EoA e Rt #5592 7|4 S Hd ol &

7he g v

Soluble | Colloidal CMC Soluble

chitosan chitin Xylan |Tributyrin

DAU1001
DAU1002 O
DAU1003
DAU1004
DAU1005 ©
DAU1006
DAU1007 ©
DAU1008
DAU1009
DAU1010 ©
DAU1011
DAU1012
DAU1013
DAU1014
DAU1015
DAU1016
DAU1017
DAU1018
DAU1019
DAU1020
DAU1021
DAU1022
DAU1023 O
DAU1024
DAU1025 © © © ©
DAU1026
DAU1027
DAU1028
DAU1029
DAU1030 © ©
DAU1031
DAU1032
DAU1033
DAU1034 ©
DAU1035
DAU1036
DAU1037
DAU1038 ©
DAU1039 ©
DAU1040 © 0 ©

ol |© |©olo |©

©|O
©|0co
©|O

o0 |0 O

O; A% &4, 0; o3t &4,
(3) @o] 7+l 7IsAZHFE Adet= vg=e &

2ololl A oy tEFe welsol ¢ vdES syl A AEe AF
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sto] 6WtAl A HAWHowm FRUE FUAI F, A7 #FE Sa, Sh, Sc,
Sb1, Sb2, Sb3, Sb4, Sh6 gyttt BE #7E5S 47 g iUt dad
B Aol A 2Lz vt & L Ao FFE BT 1" 1-5, Table 1-3).

= She} Scrt EAE ERAY o1, starch

Soluble chitosan®] 3% 33 huj =] of A]
7b i Ao A= S, Sbl, Sb4¢t Sb67F &S dERRITE CMC7F A7t
H H@du o 4= Se, Sbl 18] 3L She7F FAlS YeERR o, 53] xylane Sc7t
o]-& 7}539 2™, colloidal chitin Sb67} ©]& 7}l T}

a7 1-5. o2 R Y 23 dFEe Ve vEw AT i i Ad

A) CMC, B) soluble starch, C) xylan, D) colloidal chitin, E) soluble chitosan

Table 1-3. @ol25H L3t w59 7|43 A 98 o8 7Ied v+

Sa Sb Sc Sbl Sh2 Sh3 Sh4 Sb6
Colloidal chitin ©
Soluble chitosan © ©
Xylan ©
Soluble starch © (©) © ©
CMC © © ©
O; 3% &4,
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M

(4) Amorphophallus konjac (:2¢F)AulA] 2ol 7|54 tdiF G vAA=Y
2

MannanaseE AAel= #F5 Fodtr] A Lof AuiA o] BES AFH st &
oFS VIR HIbetel E2RYE =E6t Bdd FRUE T &40 53 2
9 5 Eyste] ZY-033 ZY-08= 3T} 0.5% polypepton, 0.5% yeast
extract, 0.1% KH:PO4, 0.02% MgSO,= Fd% A Ao Z+2F 0.5%9] xylan,
CMC, glucomannan¥} chitine #7}ste] A¥HE 5 ZY-039}F ZY-08& 1o 37C
oA 2443t A wieFerdth. Zhzhe] &Ade wEEr] fleke] KI/LE A%
A3, Z4zke] 71do]l H7ka A wiAl oA &4 E& FRlgitH(2E1-6, 1-7).
ZY—03< xylan, CMC®} chitino] Z7bd wjAll A -3 @48 Hehgd o,
glucomannano] H7}g WX A= -3 DS AFe o, & 7ol It

A

g Aol mlel] iAo ofsl EAS YEIAY. YZ-8% A 4579 714
o

S el mAEiA A & &5 YEllew, 53|, xylan, chitin %
glucomannano| A A4S  HPow Glucomannan®  galactomannans ol A
glucomannans Xt} o g4 o] &3 Aoz vehyth

Xylan CMC Glucomannan Chitin

a9 1-6. 2ok AR ZHE sk Z2Y-039 7|54 tdF A S5 3H A Y

Xylan CMC Glucomannan Chitin

a9 1-7. 2 AuARRE B2d 2Y-089] V1A tdF A 7 wd A
3
h=
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(5)=2t I EFolA e 7eAZRE BAdste nAE] e

Zhb QA EdolA MAE ol &ste] 7T RE A 7Hse MAES FEEh]
AlA =S AF 69 A HAHoE FEYUS A 5, A7 o
TE Y TFY 9w e B 2d3E mFe = 1 &9 F
£ WHIH(1H1-8). 11 T vYe FHe vdFE Fdllete s9e 7 o F
S Adete] Zeta Wgsioitt. o] 2] ¥+ arabic gum, colloidal chitin, CMC,

locust bean gum, soluble starch®} xylan¥} &2 t}hkdl Fejo vgdFES 335+
= 5ee A

Ir

Arabic gum Colloidal chitin

Locust bean gum W  Soluble starch Xylan

(6) 4B Bf FF

Ao Hfsta e v Edles 7F 953 Bacillus subtilis A8—83

T A4 A= &4

o =3
gdF #dlso] ek A #5529 16S rDNA 9714 4E9S PCRE §53
=

1} A 5%
stef B S FAA d#s A SglH A5 9AA DNAS wEshale
, o] FHOoE PCRYU-&S Fdste] tief 1.5kb H%=°] 16S rDNA ©Hs ¢

H, o] & 2
th doj7 PCREH2 pGEM T—easy vector(Promega Co., USA.)E A}§-3}¢]
29 3 5 dFgem dVIMEs ZAsY. 24" 16S rDNA A714 4

NCBI blastnE &34 A T3} F58s A oW, ClustalX program+=
o] g&3oto] A T3] FASHA AW S A TH(Table 1-4, 1% 1-9).
o A3 LS022] 16S rDNA+= Bacillus cereus®t 99% *s/S 7M™, LS032
B. subtilis®} 99%, B. licheformis 99% “12]3l B. polytfermenticus®t= 99%2] %5
S YERAT. MC033 MC042 B. cereus®} B. thuringiensis®} 217 99% 2] 7

o mo a2
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XS YeERl e, MR03¥} RS072 B cereus, B. thuringiensis “1¥]al B,
anthracis®t 247y 99%2] 545 YERH AT RS01-2 B. subtilis®t 99%2] 354
S YeRW AL, RS07S B. thuringiensis “18]3L B. anthracisSy Zt7r 99%9] &7

& HER ST

Table 1—4. 584F Sl EFo| A9 Hg] #F9 A £E579] 16S rDNAQ A%

3

LS02 | LS03 | MCO3 | MC0O4 | MRO3 | RSO1 | RS07 | RSO8
B. suptilis 99% 99%
B. licheniformis 99%
B. polyfermenticus 99%
B. cereus 99% 99% 99% 99% 99%
B. thuringiensis 99% 99% 99% 99% 99%
B. anthracis 99% 99%

S.xylosus

B ilus X60637

B.licheniformis X684 16
B.amyloliguefciens AF489591

RS01

B.vallismortis AB021198

B.mojavensis AB021191

B.subtilis AB110598

B.subtilis AB042067

B.subtilis X60646

B.atrophaeus AB021181
B.subtilis AF287011
B.pseudomycoides AF013121

B.anthracis X55059

mMcod
L502
B.thuringiensis AY138290
B.mycoides AB021192
B.weihenstephanensis AB021199
RS07
B.thuringiensis D16281
MCo3
MR03
RS08
B.cereus D16266

1= =

8 1-9. T8 Sl B BE #4529 16S rDNASE FAF TE3e 74
FATA EY Outgroupl. & Staphylococcus xylosus(AF515587)& AF&3l3 S

—

—10,11). = A3}, DAU1002,

4
TEL 4 dBE A ST (Table 1-5, 19
2]al DAU10349] #FE52 Bacillus

)
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subtilis?} 2472} 99% ©]d9] eSS el er, DAUL018, DAU1019 Z18al
DAU1025%= B. subtilis 1831 B. licheniformis$t ZY7+ 99% ©17%°] 3535 el
WAtk 18]3 DAU1023, DAU10383 DAU1039+= Staphylococcus saprophyticus,
S. xylosus, S. brasiliensis, S. cohnii 18]3l S. succinus®t ZYZ} 99% o|Ae] F

4= HERAAT

Table 1-5. Y2t Q1 EFol Ao 2] w59 A TE53¢] 16S rDNAS] &

3

1002 | 1005 | 1006 | 1007 | 1009 | 1010 | 1012 | 1014 | 1016
. subtilis 99% | 99% 99% 99% 99%
. licheniformis
pumilus 99% 99% 99% 99%

xylosus

saprophyticus

. brasiliensis

cohnii

succinus

nh h hhhh D w

1017 | 1018 | 1019 | 1023 | 1025 | 1034 | 1038 | 1039 | 1040
. subtilis 99% | 99% 99% | 99%
. licheniformis 99% | 99% 99%
pumilus 99% 99%
xylosus 99% 99% | 99%
. saprophyticus 99% 99% | 99%
. brasiliensis 99% 99% | 99%
. cohnii 99% 99% | 99%
. succinus 99% 99% | 99%

Nl h nhnhw W w
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S.xylosus
B.pseudomycoides AF013121
B.anthracis X55059

B.thuringiensis AY 138290
B.cereus D16266
B.thuringiensis D16281

r B.mycoides AB021192
B.weihenstephanensis AB021199

DAUT006

DAUT009

DAUT0TT

DAU1040

DAUT012
DAU1016
B.licheniformis X68416

B.atrophaeus AB021181
B.subtilis AF287011
B.subtilis AB110598
B.subtilis AB042061
B.subtilis X60646

B ilus X60637

B.vallismortis AB021198
B.amyloliguefciens AF4389591

B.mojavensis AB021191

DAUT018

DAU1019

DAUT002

DAUT025

DAUT014

DAU1005

DAU1007
DAUT010
DAUT034

0o

I3 1-10. 952F A B0 Ao 8] #4529 16S rDNAS} Bacillus sp. 52
o] F14 fFA3A4 EF

Outgroup . & Staphylococcus xylosus (AF515587)& AF-&3%S.

B.subtilis AF287011
S.croceolyticus AY953148
S.hominis AJ717376
S.haemolyticus D§3367
|— S.warneri L37603
S.pasteuri AJTTI376

S.succinus-succinus AF004219

S.equorum AB009939
S.kloosii AB009940

S.arlettae AB009933

S.gallinarum DQ350835
S.xylosus AF51587
S.cohnii AY 161046

S.saprophyticus L37596

S.equorum-linens AM237374

S.saprophyticus-saprophyticus AM237352
DAUT038

DAUT039

DAU1023
0.01

a8 1-11. 9f7AF A EGAM ] 8 #59 16S rDNAS} Staphylococcus sp.
TEHe] F4 fAduA Ed

Outgroupl. 2 Bacillus subtilis (AF287011)S AFE3}312.
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(3) @o] 7l 78T
e #dFE TolA Ay
16S rDNA 7|44 & PCR% 53l A
A} 8tk (Table 1-6, 18 1-12,13,14).

epidermidis®t Z}Z} 99% ol eSS YESlew, Sb2: Bacillus
atrophaeus®} 99% ©]732] AEAS YeEWRAT. Sbe} Sci= Klebsiella pneumoniae
oF Z}7F 99% o]/de] s S YERI o™, Shb3¥ Sbd= S, hominisSt ZYZF 99%

ol o] AEAdE UYEMNA I Sb6= S pasteuri 1813l S, warneri®t ZFZy 99% 9|

ML

-E 3
:1m
il
M
:(!){:2
_OL
v
of
v
o
N
P
=Y
)
il
>
.
2
[d
=l
BN AN

Lo

Table 1-6. @3 o] 2 H ¢ 2|3t #F2 A TEIS 16S rDNAY sA

Sa Sb Sc Sbl Sb2 Sb3 Sb4 Sb6
B. atrophaeus 99%
K. pneumoniae 99% 99%
K. milletis 99%
S. epidermidis 99% 99%
S. hominis 99% 99%
S. pasteuri 99%
S. warneri 99%

S.xylosus

| B.anthracis X55059

B.pseudomycoides AF013121

B.thuringiensis AY 138290

B.cereus D16266

B.thuringiensis D16281
B.mycoides AB021192

B.weihenstephanensis AB021199

B.pumilus X60637

B.licheniformis X68416

B.mojavensis AB021191

B.subtilis AB110598

B.subtilis AB042061

B.subtilis X60646

B.amyloliquefciens AF489591
B.subtilis AF287011
ALErmphaeusABDZﬁM
Sh2
L B.vallismortis AB021198

CEgol = RE R 3 Sh2 #F9] 16S rDNASF Bacilus sp. TE3}9]

2
A FABA EF Outgroupo 2 S. xylosus (AF515587)S A}-&319S
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B.subtilis AF287011

_I— Klebsiella pneumoniae subsp. preumoniae AF120081
ll- Klebsiell: lomatis AF010251

- Sc

{ Klebsiella pneumoniae subsp. rzinos cleromatis AF130983
Klebsiella pneumoniae subsp. ozaenae AF120082
Klebsiella oxytoca AF129440

Klebsiella terrigena AF120442

Klebsiellz ornithinolytica AF129441
Klebsiella planticola AF129443
Klebsiella trevisanii AF129444

1 Enterobacter nimip lis 296077
Kluyvera ascorbata AFT76560
Citrobacter werkmanii AF025373

Citrobacter freundii A.J233408

= Kluyvera intermedius AF310217
— Enterobacter aerogenes A 1251468

—E Enterobacter cancerogenus 796078

Enterobacter ashuriae AB004744

_|: Klebsiella singaporensis AF250285
Sb

0.1

B.subtilis AF287011
S.warneri L37603

S.epidermidis AY741152

Sa

Sb1

S.pasteuri AJITI376

Shé

S.hominis AJ717376

Sh3

Sk

S.croceolyticus AY953148
_|—_S.haemo.lyﬁcus D383367
S.equorum AB009939
S.kloosii AB009940

S.arlettae AB009933

| | S.gallinarum DQ350835

S.succinus-succinus AF004219

S.saprophyticus-saprophyticus AM237352
S.xylosus AF51587

S.cohnii AY 161046

S.saprophyticus [ 37596

S.equorum-linens AM237374
0.01

9 1-14. o] 2 HE E2]3 Sa, Sbl, Sb3, Sb42} Sh6 w2 16S rDNAE I}
Staphylococcus sp. 54 44 FddA Ex
Outgroup &2 B. subtilis (AF287011)S& AF&3}% 2.
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(4) ++oF A#A] FHde 7154 g7 A4 VA=Y 54
79 545 98l 16S rDNAE o] &3l FHE4 A AAE g1sk 2,
BEadF ZY-03e P xylanilyticus XIL143 99%9] AeAlS HPow, P

o
i

~|
Ll
z
ot
o
il
~

Hlinoisensis®t F& 3534 WYebATH(1d 1-15). o]
xylanilyticus 7ZY—03°.2 HWHet w8 o5 ZY-08%  Paenibacillus
illinoisensis (AB073192)¢} 99%%] =2 &S YElN o™, P xylaniyticus
(AY427832)9}= 98%, P. amylolyticus (D85396) b= 96%, P. pabuli (X60630)<} P.
favisporus (AY208751)¢+= 95%, P. turicensis (AF378694)9= 93%, P
macquariensis (X57305), P. chibensis (D85395)8} P graminis (AJ223987)9}+=
92%% YERNA ™ P. glucanolyticus (D88514) 9= 90%°] 454-& YER ST
olgst A¥g nigoR st ¥ dFTE Paenibacillus illinoisensis 7Y—08% 3

3R T2 1-16).

Thermobacillus xylanilyticus XET (AJ005795)

P. turicensis MOL722" (AF378694)

P. graminis RSA19" (AJ223987)
—— ZY-03

P. ilinoisensis JCM 99077 (AB073192)

[ P. xylanilyticus XIL14T (AY427832)

P. amylolyticus NRRL-290" (D85396)

P. pabuli NCIMB 12781 (X60630)

P. glucanolyticus DSM 5188

(D88514)
P. favisporus GMP01" (AY208751)

P. chibensis NRRL B-142" (D85395)

P. macquariensis ATCC 23464 (X57305)
0.1

18 1-15. 2oF AR 25 283 ZY-03 79 16S rDNAF} Paenibacillus
sp. TEHS] FH4 FAHA EF
Outgroup .2 B. subtilis (AF287011)< A}&3}3S-.
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P. macquariensis (X57305)

P. glucanolyticus (D88514)
P. chibensis (D85395)

P. favisporus (AY208751)

P. turicensis (AF378694)

P. graminis (AJ223987)

P. xvlanilyticus (AY427832)
P. illinoisensis (AB073192)
ZY-08

P. pabuli (X60630)

P. amylolyticus (D85396)
0.1

a9 1-16. 2ok AR 2 HE E83 ZY-03 +579 16S rDNAY} Paenibacillus
sp. €9 A4 FAH3A EY

Outgroupl.& Staphylococcus xylosus (AF515587)S A}

ofo
ot
32

KR
.

(5)&AF I E¢olA 9 7[sG FE At A= 54

g4 8L A 16S rDNAE o|&allx EAgt A3 Chryseobacterium

taeanense®}t C. taiwanenses 97%9 4574 WelNow, C wanjuense, C.

daeguense, C. taichungense, C. daecheongense®t Z}Z} 96%< A5AS YeEA
kS

ow o] BYHEFE Chryseobacterium sp. 7= BHEaAH (1Y 1-17,18).

a9 1-17. e 2o FARAE "vld AR
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[J
)

rO
i
a8

}—‘
Mo

OO

2

Elizabethkingia meningoseptica CIP 80.57T (AF207075)
C. daeguense K105 (EFO76759)
C. wanjuense KACC (DQ256729)
C. defluviiDSM 142197 (AJ309324)
C. daecheongense DSM 152357 (AJ457206)
C. taiwanense BCRC 174127 (DQ318789)
Z
C. tasanense KCTC 123817 (AY883416)
1 C. taichungense CIP 1085197 (AJB43132)
C. joostei KCTC 121287 (AJ271010)
C. vrystaatense LMG 228467 (AJBT1397)
C. shigense DSM 174127 (AB193101)
C. juteum DSM 186057 (AMA4B89809)
C. caeniDSM 17710T (DQ336714)
C. hispanicum CCM 73597 (AM159183)

C. balustinum ATCC 33487T(M58771)
| E C. indologenes ATCC 29897" (M58773)
C. gleum ATCC 359107 (M58772)

C. formosense CIP 1083677 (AJ15377)
C. piscium CCUG 519237 (AM040439)
C. scopthalmum LMG 130287 (AJ271009)
C. indoltheticum ATCC 279607 (AJ468448)
C. soldane”éc]o.fa KCTC 123827 (AY283415)

g5 729 16S rDNA A2 e}y Chryseobacterium sp. =539
1=
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A3d HWHAOSZRFE 7154 o35 AdE 93
Klebsiella sp. ScZH-¥ CMCase® xylanasefr
AX 24, AA 2 54

1A 4

1) rpoB +HAAE ©]-&3k Sc #F9 AF 54

rpoB AL s f1 3 A =k 7h €] Zfo]n 5
—AACCAGTTCCTCGTTGGCCTGG—3', 5 —-CCTGAACAACA  CGCTCGGA-3'
E ARgSiT F FRY FHAAE SEAI7IV] $1% PCRESWH S v o
Z7] WA G = 95T 185 A1Fo =2 95T 30%, 60C 30%, 72C 1% 30 cycle
Fasta #HF 72T 103 A @AE FHs3 o] FA doIxl PCR =2
pGEM T—easy vector(Promegai}, USA)Sol| A xz3ste] 2AHH G7|ALES o] &
3le] GenBank Databaseol|lX -5/d-& H|lustal, ClustalX programs ©]-83}¢]

phylogenetic treeZ #|2+a}3i T}

2) A% olneelel 75
W olg

(1) Shot—gun WS o] &3t AxgelBggy +=

O35 7heislsol 973 Klebsiella sp. ScEHE WA o 2XEE 7|54 Y
E st G484 o8& 7hed F8a4d FHAAE "HAshy] 8 2714 U
& ol g3te] FHAE FASIATE. Klebsiella sp. SCETH FHl¥ DNAE A% &

& Psl (5'CTGCAGS') & ol&ste] F Aes 3 F, 0.6% o7tz Ao A
| d&ate] tHef 1~5 kb Ao dHES 3] silv. 3% DNA =2 A
5t @ A PstI¥} calf intestinal alkaline phophatase #2]%¥ pUC18 Z&txm|=of A=
HoHh AMxdE ST =S A Ecoll IM10990 A% siqlch 4 A
H 77 37CoA 49 (50ug/m) et 0.5% CMC7F g% LBazA|uj =] ol )
At 24 ®wlY T 0.5% congo red® AMste] 1M NaClzZ €3S uj
CMC7}F &= o] clear zoneo]l BAH= w55 Ailetes Axd #5= AHEsA

ouf grae A

N

o

o7 I
off
20

o,

(2) Fosmid library kitE ©]&3 7letolBe o] +=

Fosmid library 7% EpicentreAtoll4] == EpiFosTM Fosmid Library
Production KitE o]&3le] %39t} Fosmid library 7% HalA T2
HE 228 755 DNA(2.5ug)E 200018 9] 8-S Falr] vk 40kb F=o o
How Austgt). olZ2A Addt dHE End—repair 2425 o]83to] 2z ¢ 9
TS blunt end3} 3R TE o] F Et—Bro| $H{-EH A &S 1% low melting agarose
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Aol A7) dEste] diEF 40kb F-°] DNA ©#S 35350tk o] 34 9HS
pEpiFOS—5 ®E ¢ & H|&o] 10:10] WA 4lolA olAlold &ttt o=
MaxPlax Lambda Packaging ExtractsE ©]&3}o] packaging 38t E.coli
EPT100-T1ell Jd%=<] 33l

3) Affinity chromatography S ©|-&3%F AAE {3 Axg ZeAv|=e +=
Glutathione S—transferase (GST) &% @&y} His 3 @M AS F+F317] 93t
o] H]—O]OHO}/’\}C’H A A SE oligonucleotides X E}o|HES AFE-3FTE o] X E}o)
M52 GST tag g% @A &d WE<Ql pGEX—-6P—-19}F His tag g% Tz 9
HERD pET32—acl g7 SF=243st] flsiA Zepolm wiol AldFaL Ecorlw}
Xhole] A2 E A3 Y. PCR HES-9 50ul &oll &= 100pmol®] 2}o|™, 200ng9)
T3 DNA, 20mM¢] Z+z+e] dNTP (dATP, dTTP, dGTP, dCTP)¢t 1.0U9] Taq
DNA Polymerases ¥Fsi3ltt. ©F FAS v& @AE 303 W& sk
pre—denaturation 95CeA 60%E AA|$t *  denaturation 95Ceo|A] 60%,
annealing 55 Coll A 60%, extension 72 ColA 90xE 303] HtE3s}3 o, o]F ulx]
1} extension W&o 2 72T A 1087F AAISH Y. SZF DNA ©HS Asta
EcoR13}y Xholo. 2 A8+ - EcoKlZ}t Xhol AHEE star 5'—2AA7]17F AA
pGEX—-6P—1 ¥He| Z2da3litt. 2 23, GST-CMCase §% Zeh=n|=9]
pGESCMCE 75 sk3lth

4) Azx% gz CMCase 2 xylanase®] # A

GST—CMCase fusion &&t2=0 =% 713 E.colf BL21 (DE3)+ A4 3719 %7]
°of 0.1mMe] IPTGE #7Fste] #E& FIskqlm, o] 37T 3AAE B i
FEFATh AlEE 4C, 6,000rpmoll A 1587 QAEHE S H o, 1X
PBS ¥y (10X PBSE 34AHE: 1.4M NaCl, 27mM KCl, 100mM Na;HPOy,
18mM KH,PO,; [pH 7.31)& °]&3t¢] Washings}l o™, 1X PBSE o]&3te A4
EF5l9lTh, Al E = sonicationg E8Fe] T4 stglow, 1 ASHLS 4T, 13,000 rpm
o4 30 &3 dA FEste] FHsY dede 1X PBSE HdPst Hod=
GSTrap FF columnel &3 AlZl & 10mM reduced glutathioneg ©]-&3t4 &
stk &% £iv 9 Imld £xE #§A4 skt &F% fractions
PreScission cleavage W ¥ (50mM Tris—HCl, 150mM NaCl, 1mM EDTA, 1mM
DTT [pH7.0DZ HFA33 Amicon Ultra—4& ©°]&3sto F=39t. 554
GST—CMCase &3 @22 PreScission proteaseS ©]-83}e] 5Co|A 12 A 7Hs
b WESAIA GST d9e A7 aadnh. o Eed @ud=E tA] GSTrap FF

columno] THA] EAA AP Z23EA XS unbounded WA EL 3]|3dte] A
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AR @A 2 A8kl

2. AT 8 23

1) &@3o] e 78T FE BAHst= nAE Sco AFEA

16S rDNA @71 <L A3} Sc #52 4% Klebsiella pneumoniae®}t 99% ©]742]
FE3E HeEAT 283 AFEAS 984 RNA polymerase B subunitE& =
Bt moB TAAE ol&dte] AFFAS AAEAY. mpoB FHAAE 16S
rDNA®} 37 m A& 3384 2lstE vl 4 st ARSHe Ao o4
A At

1 A3}, Klebsiella pneumoniae (U77444, AF129445, AF129446)%} K. granulomatis
(AF218573)¢ 27} 99% HZe] A S YeEl o™, Koxytoca (AF129442),
K.planticola (AF129449), K.trevisanii (AF129450), K.ornithinolytica (AF129447)%}
= Z7F 94% 9 s S JEMNN e, K terrigena (AF129448) 9= 93% 9] 54
S YeRAth 18lal SolsH Al Citrobacter freundii (UT7434)9 % 96%2] 543
S ERSITE (Table 2-1, 192-1).

Ir

Table 2—1. ¥32] 5 Sc¢} FAF TEH2] rpoB2) 454

Identities
Klebsiella pneumoniae subsp. pneumoniae (U77444) 99%
Klebsiella pneumoniae subsp. ozaenae (AF129445) 99%
Klebsiella pneumoniae subsp. rhinoscleromatis (AF129446) 99%
Klebsiella granulomatis (AF218573) 99%
Citrobacter freundii (U77434) 96%
Klebsiella oxytoca (UT7442) 94%
Klebsiella planticola (AF129449) 94%
Klebsiella trevisanii (AF129450) 94%
Klebsiella ornithinolytica (AF129447) 94 %
Klebsiella terrigena (AF129448) 93%
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— Klebsiella ornithinolytica (AF129447)

Klebsiella trevisamii (AF129450)

Klebsiella planticola (AF129449)

|| —— Klebsiella terrigena (AF129448)

—— Klebsiella oxytoca (UTT7442)

Citrobacter freundii (L7 7434)

Klebsiella prret iae subsp. p oniae (LI77444)

Klebsiella prretmoriae subsp. rivnoscleromatis (AF129446)

SC

Klebsiella prreumoriae subsp. ozaenae (AF129445)

Klebsiella gramiomatis (AF218573)
0.1

% 2—-1. B8 +#F Sc9 ropB AR} Klebsiella sp. FE3] 544 AAAA

E . outgroup. 2 Bacillus atrophacus 16s rDNAZS A-&3}31 ).

2) 2] ¥ ScEHEH CMCase 34 S22 9 4]
e 78 3 ANE F o de 24AE AN 24
CMCase® =9 3at7] #18i4 Sc9

DNAE Psd ARALE ol&stolr Fi Zafsisit). ol& Aldtas

Agldl pUCL18 #E ol gfolAleld 3 U E. coli IM109°] @A g AJZAT o
AZFAES 0.5% CMC7F &5l LBRAM Ao A wjFElom, 2do] 7 y}gh
% 0.5% Congo Red&do=w M3 & 1M NaClZ washing 39S ], =Y
T /A E=& Uelle FES CMCE 38t
A 2 AHE 3T EHE‘: 2,00070 9] ampicillin A4 F=2YE
ZEYvko] o dllx e &5 JEWATHIH2-2).

o] AZFAE +A e A3}, CMCase frAAH= 37,666 Da®] ®AHS 714 & 33371
o] opp:qkE Stestele 1,002709 wEHLHE=ER FAEC AT CMCases
N-—eh ool 23709 ofn|=Ato 2 o] ol AT DS 7HA L Ao 23¥7
o] Ala¥} 24™A1°] Asp Ate]7t Adk¥i= Zle= SignalP (http:/www.csb.
dtu.dk/services/SiganlP/) AFC]EE F3|A o S53FAtH(1™H2-3). CMCase?] o}
b AEE 7)Eel WEH 53/ wrH E ol 82l CMCase9t 542 ClustalW
= o] &3t vttt CMCasex glycoside hydrolase family 89l &3+ ZHo=w
Vel ow(1-2-4), Cellumonas uda?t= 87%9 AsAL Yehdod
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Enterobacter sp.2V= 63%, Erwinia chrysanthemi®V+= 55%, Erxinia rhapontici®+=
A7t 7% AEAS YT oleld ARER vwo] wel AFAA e
shelzlo} ol ole] CMCaseshi 49s] the Al=g wlde walzt (192-5,
Table 2—2).

| Digested by Psd

Cutted 1~-5kb Digested by #sd, CIAP

Positive clon

<Rl

a9 2-2. B #F ScEHE CMCase FAAE 714 Ax3 Z8TMH =,
pSCMCE ¢7] 93 Shot—gun library 73
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1 CTGCAGCGTGAGCGGETGTTCTCCGTCTCTGACGT TCAGTTTCTCTACTACCATCCATAA
61 AGAGTGAATTTATGCCCCTGCGTGCTTTAGTGGCGGTGATAGTGACAACGGTAGTGATGC
MPLRALYAVIVITTVYNMN 16
121 TGGTGCCCAGGGCGTGEGCGGATACGGCCTGGEAGCGCTATAAGGCCCGTTTTATGATGE
L VPRAWADTAWERYEKARTFEFMM 36
181 CGGATGGTCGTATCATTGATACCGCCAATGGCAATGTGTCGCATACGGAAGGT CAGGGCT
PDGR I I'DTANGNVSHTESGA® QG 56
241 TCGCCATGCTCCTGGCGGTGGCGAATAACGATCGTCCGGCGTTCGACAAGCTGTGGCAGT
FANMLLAY ANNDRPAFDEKLWG 76
301 GGACGGACAACACCCTGCGCAACAAGTCTAACGGGCTGTTTTACTGGCGCTATAACCCEG
W TDNTLRNKSNGLFYWRYNP 96
361 TGGCGCCGGACCCTATCGCCGATAAAAACAACGCCTCCGATGGCGATACCCTGATCGCCT
VAPDPI ADKNNASDGDTL I A 186
421 GGGCGCTGCTGCGCGCGCAAAAACAGTGGCAGGATAAGCGCTATGCGATTGCCTCTGACG
WALLRAGEK GWOGDKRYAIASD 136
481 CCATCACCGCCGCCCTGCTGAAGTCTACGGTGGTGACTTTCGCCGGTCGCCAGBTGATGE
Al TAALLEKESTVVYTFAGRG GV M 156
941 TCCCGGGCGTGAAAGGGTTCAACCTCAATGATCACCTGAACCTTAACCCTTCCTATTTCA
LPGVYKGFNLNDUHLNLNPSEYF 176
601 TCTTCCCGGCCTGGCGCGCCTTCGCGGAGCGGACGCATCT CAGCGCCTGGOGGACATTEE
| F P ANWRAFAERTHLTAWRTL 19
661 AGAGCGACGGACAGGCGCTGCTGGGGCAGATGGGCTGGEGGAAATCTCATCTACCCAGCG
G S DGAQ@ALLGOGMGWOGKSHLPS 218
7121 ACTGGGTGGCGCTGCGGGCGGATGGCAAGATGCTGCCAGCCAAAGAGTGGCCGECCGCGEA
DWV ALRADGKMLPAKEWPPR 23
781 TGAGTTTCGATGCGATCCGTATCCCGCTGTATCTCTCGTGGECCGATCCGCACAGCGECT
WS FDAITRIPLYLSWADPHSESA 256
841 TGCTCGCGCCCTGGAAGGCCTGGATGCAGAGT TACCCGCGCCTGCAAACCCCGGOGTGEA
LLAPNWNKANWNMGSYPRLGGTPAW 276
901 TCAACGTCAGCACCAACGAGGTGGCCCCCTGGTATATGECCGGCGECCTGCTGGOGRTGC
| NV S TNEVAPWNWYMNMAGEGLLAYV 29
961 GCGATCTGACGCTGEGTGAACCGCAGGAGGCGOCGCAGAT TGACGACAAGGATGATTATT
RDODLTLGEPQGEAPG I DDKDDY 36
1021 ACTCTGCCAGCCTCAAGCTGTTGGTCTGGCTGGCGARACAGGATCAGCGCTAAATACGET
Y S ASLKLLVWELAKO GD® GR * 333
1081 GATTGATTTGCCGCCTTCCCCGCCCGTATGCCTGCGGGECTGAGAAGETGEAATGGGAACG
1141 TCTCACGATGTAAGGCCGCCAACATAGGCGGCCTTGTCGCTTATTGCGGATAAGGCACCC
1201 AGCTACCGCCATTCAGCTGGACATAAGGCTTGCCCTGATACTGGATGACGATGGCGTTGE
1261 CGTTCTCGGATACCGCCGCGCTCTGCGGCAGGT TGGCGACATACTGCTGCCAGTTGACGC
1321 TGTCCTCGCTGAACATTTTGCCGTCGAGGGCGCGCACCACCAGCTCCGACACCGCCAGAT
1381 AACTGCTGGGCTGATCGATGATAATCGGCGCCCCTTCATGCGGCGCCTTCATGCCGAAGA
1441 ATTTCACCGCCGTCGGGACGTTAGTGATCGACGGGCTCGGGATATCGCGCAGGCCAGAGA
1501 CCTGCATCTTATCGCGCTTCAGCGCGCCGCCGTGTTCOGGCACCACCACCACCATCACTT
1561 TCCGCCCCGATTTCTCCAGCTCGGTGAAGAAGT TATCCAGGTCATCAAACAGCTTCTGCG
1621 CCCGCACTTTGTAGTCTGCGGTTTTGCTTTGTCCCGGGAAGTGGT TGCCGTCATGCAGCG
1681 GCAGGGTGTTATAGAAGGTGGCGTTCCGCGGATTGCTGCTGGCCTCTTCGGTCTTCAGCE
1741 AGCGGTTGAGGACCGCCAGATCCTCATACACCGGGGAGCCGTCAAACGCCTGCAG

a9 2-3. B8 #F ScY cmcase AR} Y obn| A AL
underline; 21 & X Fo] #A|AE o Gl A N-2tk X 4E, back—square; |

3asr Psd A

1 75 150 228 300 333
e o\
a3 2—4. FEEF Sco] CMCase?] 7154 =r]le] B
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Y HLEPHWRGHI LHLMUWF SUSATAATEVE TYKSRFHTADGRIODTEHKHUSHTEGD
f S HHAHFRAGI ILLALULGLEQASAREGUETFKTRFLTSEGRIQDTGHNNUSHTEGD
3 HLIKKTTRFUFTACULFGLLFSAAUVQAQDPEWEQFEKSRFLEKPDGRIVDSEHHDISHTEGD
- == HPLRALUALIUTTAUNLYPRAWADTAVERYKARFHMPDART IDTANGHUSHTEGD
o s i HPLRALUAVTUTTUUHLUPRAWADTAVERYKARFHHPDGRT IDTANGHUSHTEGD
(i HREPACAALAUMHTHIFSPFEQACOAVESYKARFLHPDGRUUDTEHGHUSHTERD

- H - CDEINED. DoMWMD WIoW DIREREEN

GFAMLHAUHY DDRAAF DHL MHUT QHHL KHTUNGLFYYRYDPAASHPUADRNNASDEDUL T
GYANLHAUYYHORTTFDRLWAWTQTHLENPKHDLFYWKY IPEHADPUSDEKNHASDEDUL T
GFGHLLAVLHDDKPTFDSLLHWTHETLYHKDTELFSHRYEPHAKUKUADKHHATDGDUL T
GFAHLLAVANHDRPAFDRLWOWTDSTLRDKSHGLFYWRYHPUAPDP IADKHHATDGDTLI
GFANLLAVARNDRPAFDKLWWTDNTLRHKEHGLFYHRYHPUAPDP IADKHNHASDEDRTL]
GFANLHAUASDDKTAFDELWHWTDETLKNKENCLFYURYNPULPDP IPDENNASDEDAL 1

Wr BHIEE TEI_THE B HEI_ W . BB EIH B T EIEENIEAE BE

LA P 0P -

AVALLEAGHEWODHRYLOASDEIQKALISHET IQFAGRTUNLPGAYGCFHENSYUULNPEY
AVALGKAGEKWODOSYLOHSDRIORAT IAHNYITFAGRT INLPGAQGFHKT SYUULNPSY
AVALLLAGDKWONSDY ITOSHEIQSAUIKHTUIHFAGYHIHLPGASSFHHTSYUUUNHPSY
AVALLRAQKOWIDERYATASDATTASLLEYTUUTFAGRQUHLPEUKGFHRHDHLHLHPSY
AVALLRADHOWODKRYAIASDAL TAALLKSTUUTFAGRQUMLPGUKGFHLHDHLHLHPSY
AVALLKADARWHDARYSOASDAI THSLUARTUIRYAEYRUMLPGAOGFHLNSEVILHPSY

LA o L0 P =k

FLFPANRDF ANRSHLQUMROL 1DDSLSLIGEMRFGOTGLP TOMUALHADGSHAPATAUPS
FIFPAWRDFARRSHLKUWNTL IDDGUYALLSENRFGDSALPLDWMUAHNADGSLAPATAWPP
YIFPANQAFYQYSHLKIMODLNSDATKOL STHKLGKUNL PTDMUAT QSDESF TPANGUPA
FIFPAWRAFAERTHL TAWRTLOSDGOALLGOHEWGKSHLPSDMUAL RADEKHLPAKEVPP
FIFPAURAFAERTHL TAVRTLOSDGOALLGONGWGKSHLPSDMUALRADGKHLPAKEVPP
FIFPAYDAFADRSHLOUMREL IQDGHKULGKHGTGTANLPTDMHSLAAGGKL TPANAVFP
IiEENE = = 5 - 0" _®_ e B - N #EIZT I W I BN, wE_
RFSYDATRIPLYLYHYDAKTHALUPFOLYHRNYPRLATPANUDYLSHNTAPYSHOGELLA
RFSYDATRIPLYLYWYDPASLQLYPFQRFHHNF QRLOTPANIDUNSNDKAP YAMAGGLLA
RFSFDAURTPLYLSHGANNKHAL TPF TRYNOGF ARLETFAWUNUUTGATAEYSLPPEHLA
RHSFOATRIPLY1SHUDPHSALLAPHKAWNOSYPRLOTPAWTHUSTHEUAPUNHAGGLLA
RHSFDATRIPLYLSHADPHSALLAPHKAWMOSYPRLOTPANIHUSTHEUAPHYHAGELLA
RHSYDAIRIPLY IHWSSPOSPSLTPURSWFGOF SREKTPANUNUT THEYAP YHHEGGLLA

IEoEE e e L 14 I m EmEEIie . W I I =Ims

=R B R R

LN o L) R o=

URDLTHESFDELSDQPGAREDYYSSSLALLUALARGR -~ --—-=-===m===mmmmm e
URDLTLEE TEYLNDSLHSDEDYF SASLRLL TWLAFKDH-—~—=——=-=——commmmmo e
URDLTLEHLSQLTTTLLPEEDYYSSCLALLSWHARKDP - - === = e
VRDLTLEEPLERRR-LTTRHILTPPASSCHSGWRHR ISASAVMALQUSOPUCLRAERKED
URDLTLEEPQEAP Q- IDDKDDYYSASLKLLUMLARODOR- === ===mmm o mmmmmc e
URDLTHEQASGEPD- ITAKDDYYSASLKMLUWLADG-—-—---—-——— -

T CN L PO -

a3 2-5. AT Sco CMCasest M =Fd T2 CMCases9] defo|HE 4
3}

1; Erwinia chrysanthemi (AAG49556), 2; Erwinia rhapontici (CAB89803)

4; Yersinia mollaretii (ZP_00826375), 4; Cellulomonas uda (AAA23090)

5; Klebsiella sp. Sc, 6; Enterobacter sp. (EAV84763)

Table 2—2. #2375 Scet th& WAEFZ CMCased] 454

Identities
Cellumonas uda 87%
Enterobacter sp. 63%
Erwinia chrysanthemi 55%
Erwinia rhapontici 54%
Yersinia mollaretii 47%

w
~—

4 #5 ScEHH xylanase? cloning 2 4

22 75 ScEHE xylanase SHAAE A7) 9314 Fosmid library kitE o] 834
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genome libraryE 753} t}. genome library 75 AL 1¥H2-60] 1HOZE H
Abeldct, o1 A3 tiEF 5000709 A2 AAE 53T o] 0.5% xylan©]
gHrE LB aAlul Aol A 293 vt itt o] F 2% KI9F 0.2% 17} 3Hfd 89S
FojM ZEY S clear zone®] FAFH+= ZAS positive clonel @ AH3}A T}
o]& pl301oletar WHaladrt. o] Ax¢A= t=F 40kb =9 2 insert ©HE
ZEA AL QT o] @S YAl BamHIF Sald} 22 AtareE=2 dAEE Ao
stolal T1 Abolz= TS FolH A S T FHAE Fopgit HFHom diEf

2.5 kb9 insert ©¥¥H-ES 7}A+= positive AZTAE AHSA T o] 5 pSCXYN 9]

ghar sl o] AXFAE EA e A, 63kDadl LAES 7HA= 559709
olu| .= ARS FHYEE 1,680709 A7IALEE xylanase’} A3t AL e Y]
th A3 A 2o FAeE By #F Sc9 xylanased|E £A8A] &= Aow B
M EAJATH(1-2-7). 18] 3l xylanase< glycosyl hydrolase family 43 <2 xynBY
7164 EvRlezg FAH e AeE EAFHT(2H2-8).
LS
Cloning -Ready
pEpiFOS™.5 Vecll
i .
) = ¢
> od) > ////> >t > =
52 4 *%
Pu:ﬂyGe! oSG REmdsgtﬂy SP-;;*A& Isolate DNA of Correct Size P-:rll-ulmgln-Gcﬂ Fa?ﬁaeg'e& Screen
40kb
l i cut by enzyme
Tkb
l { cut by enzyme
2 5kb

1% 2—6. Fosmid library kitE o]&3 &2 #45
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GCTGGATGAGATCCGCGTGTAGT TAAAAAAATTATAAATCAGACCGATCCT
TAACTTTCCATT TTAAAAGGTGTAATGAAATGTCACT TATTCAAAACCCGA
mMm s L I @ NP |

TATTACGCGGCT TTAATGCCGACCCCAGTATTATTCGCGTCGAGGATACGT
LRGFNADPSI I RV EDTY
ACTATATTGCCAACTCGACGTTTGAGTGGTTCCCGGGCGTGCGTTTACATG
Yy I ANSTFEWTFPGVRLHE
AGTCCAAAGACCTGAAAAACTGGAACCTGCTGCCTTCGCCGCTCTCCACCA
S KDLKNWNLLPSPLSTT
CCACCCTGCTGGATATGAAGGGCAACCCCTCCTCCGGCGGCATTTGGGCGE
TLLDMKGN®PSSGG I WAP
CGGCGCTCTCCTGGGCCGACGGGCAATTCTGGT TGGTGTATACCGATGTGA
AALSWADGOQFWL VY TDVEK
AGGTCACCGAAGGCGCCTTCAAAGACATGACCAACTATCTGACCACCGCAA
V TEGAFKDMTNYLTTAK
AGGATATTCGGGGCCCGTGGAGCGACCCGATCAAGCTGAACGGCGTCGGGT
b I RGPWSDPI KLNGVAGF
TTGACGCCTCGCTGTTCCATGACGACGATGGCCGGAAATATATCGTCCAGC
b ASLFHDDDGHARIKY I ¥V QQ
AAACCTGGGATCACCGGGAGTACCATCACCCCTTCGATGGCATTACCTTAA
TWDODHREYHHPFDG ! TLT
CGGAGCTGGATACCAACACGCTGAAGT TAATGCCGGAAACCGCGCGCACCA
ELDTNTLEKLMWPETART I
TCTACCGCGGCACCGCCGTGGCGCTGGTCGAGGGGCOGCACCTCTATAAAC
YR GTAVALVEGPHTLY KL
TGAACGGCTACTACTATCTGTTTGCCGCCCAGGGCGGCACCGTGT TTACCC
NGY Y Y LFAAQGGTVYVF TH
ACCAGGAGGTGGTGGCGCGGTCGAAAACCCTCGAGGCCGACAGCTTCGAAA
@ EVVARSKTLEADSTFET
CCGAGCCGGGTGACGTGTTCTTAACCAACGTCGACACGCCGGACAGCTACA
EPGDVFLTNYDTPDSY I
TCCAGAAACAGGGCCATGGCGCGCTGGTCTCCACCCOGGAAGGCGAATGGT
G KQGHGALVYV STPESGEWY
ATTACGCCTCGCTCTGCGCCCGGCCATGGAATCGCCCGGGGGAATCCATCT
YA SLCARPWNRPGETSIY
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ACGACCCGCGCGGCTGGTCAACCCTCGGCCGGGAAACCGCGATCCAGAAAG
D PRGWSTLGRETATI Q@ KWV
TGTACTGGGACGACGAAGGCTGGCCGCGTATTGAAGGCGGTCACGGCGGGA
Y WDDEGWPRI EGGHGGK
AAACCTTTGTCGAAGGGCCGAAAGACGCCATCTTCACCGAAAGCGCCAGCG
TFVEGPKTDAIFTESASTD
ATAATAGCCAGCAGGATGACTTTACCTCGCCAGCGCTCGACCCGAACTGGA
N §SQaDDFTSPALZDPNWN
ATACCCTGCGGGTGCCGTTTACGGCCAAAATGGGCACCACCGGCAACGGCA
TLRYPFTAKMGTTSGNGHK
AATTAACCTTAATCGGCCAGGGTTCGTTAGCCAATACGCATGACCTGTCGE
L TL I GQGSLANTHUDTLSIL
TGATTGCCCGCCGCTGGCAGGCCTTCTATTTTGACGCCGCGGTGAAGGTGA
Il ARRWOQAFY FDAAVIKYVYK
AATTCGAACCCTTCAGCTACCAGCAGATGGCCGGGTTAACGAATTACTATA
FEPFSYQ@QMWAGLTHNYYN
ACGACCGCCACTGGAGCTTCGTCTTCCTGACCTGGAATGAAATTAACGGCA
DRHWSFVFLTWNETI NG GK
AGGTCATCGAAGT CGGCGAAAATAACCGCGGGAAATACACGTCGTACCTGA
V-1 EV GENNRGHKYTSYLK
AAGATAACGCCATCAAGGTGCCGGACGGCGTCGAATACGTCTGGTTCCGGA
D NAIT KVYPDGYEYVYWFRT
CCAAGGTCCGCAAGCAGACCTACAGCTATGAATACAGCTTCGATGGCGTGA
KVvVRKQTYSYEYSFDGVT
CCTTCACCGAGATCCCGGTTCAGCTGGATGCCGCGGTACTGTCCGATGACT
FTEIT PV AQLDAAYLSDDY
ATGTGTTGCAGAGCTACGGCGGGTTCTTTACCGGGGCGTTCGTCGGCCTGG
vV$iQsYyGeGGeGgGFFTGAFVYGLA
CGGCGGTAGACTACGCCGGGTACGGCACCCAGGCTGAGTTTTATCAGTTCG
ANV DYAGY GTQAETFYQFE
AGTATCAGGAGCTGGGCGATAGGT TAGCGGCCGATGGCAGCTACAGCTGGG
Y ELGDRLAADG G SYSWE
AGGCTGGCGAGACGCGGGATAAGT AAGAGAGGGCGGGCCCACGCTACCGGT
A°AGETRDK *
GAGGTAGCGTGGGGTTTTGTGCTGTGTGTGATGTAATTAAAGCGAGTGCTG
TCGGATGTCAGTCTGCGGGGCGCAGCCGGGCCTTCAGCTCTTCGGGAGTAA

a8 2—7. B8 oF Sc9 xylanase A} 7Y opn| A AL

160

lyco_hydro_43

200 300 400

= : - =

XynB
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4) GST fusion GA| A]|2=8lS o]83F CMCase ¥ xylanase®] A
2] F Sco CMCase® xylanaseE GSTH His tage ©]-83F affinity A=2vE
gy E oA AASAH. ol #alA pGEX—-6P—1}F pET32—-a¥E = ©] &3
t}, e pGEX—6P—1+ GST (Glutathione—S—transferase) ¢} 7S affinity A 20E
O yE tagEs VMR Qo pET32—ax His tagE 7FA a2 9t} CMCase®}t
xylanaseE I Y3t FHAAE 217 pGEX—6P—13} pET32—acl A 233513 tF. Host
cell> BL21(DE3)¢} BL21(trxB)& AF&3l% =], BL21(DE3) &= &yH& <l A& ¢
gk host cell2 o] o] &5 ojA= wFolal, BL21(trxB)= pET32—a WEls}t 37
ARgstol A o] M2 &4 o]}st AF(S-S bond) ¥ FPE FEd F=
thioredoxin reductase& A4Hste] insoluble FEHIZ A4t = @92 o] soluble 3 El
2o A%s wobge Ao=m dexiv
ANx2F Zekan =g e lojx CMCaseo A5, %
TA o] EAER OB st A== A5 A F o] %Zﬂé% Zigi E]X}
2l o tE stue] ZHtau| ol ATADS Ak Ae® HAgl kol
th. Xylanase®| 74-¢, 32kl A71AE £l "]9‘/‘1“0] A A ol AAAM LD
= ol&st] Az Zek2v=E YAIEI T (Table2—3).
Host cell& pGEX—6P—19¢] 7%, BL21(DE3)%} BL21(trxB) F+ 79 host cellol
T HAASE AIRAAR, pET32—a9] 4 9-oll= BL21(trxB) o] el vt &2 75} Al
ATt
oleidt Mg HFEX PTGl os) w@uidel oz ool fiFlon,
GSTrap FF A# ¥} PreScission protease® AFE-3to] CMCase?} xylanaseE %A
SIATHIH2-9,10). dE TdE @A=L SDS-PAGEE &34 L& fF&
gelgk H, AARA A S FE Feiti(1H2-11). &< A3, e
Azt ddso] A4S 7HA = Ae® e At (Table 2—4). o] @A S-S o
|afM o= o] 7] 540 B4 APS I Aotk
AAE CMCase®t xylanase?] 7|12 Eoj4dS ZAF3E Z3 CMCase?d 4% CMC
& waleke €4S 10092 RS f, lichenano] tall A= 70%, laminarinol o
A= 60% FALE JHAE AOoE HIPOW xylandd WsiAE 10%, slouble
starch= &3|3}4] £t Aoz A2 A (Table2—5). Xylanase? 4%, xylans
sl 84S 100%% HS i, laminarin®] 3l A+ 30%, lichenanel] tal A
= 20%, CMCol tialld= 10% B9 A4S 7FAH soluble starcholl thajA=
Bl S 7HAA B Aoz B3 H At (Table2—6).
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19 2—9. GST fusion AA A]|2~EE o] &3 CMCaseel AA

Table 2—-3. X ZFAv= FHS 93 ol s ol ¥ A7) AE

HE primer names sequences
1 SC-CMC-Fus-F+SP 5 -ATAAAGAGT GAATTCATGCCCCTGCGT-3’
2 SC-CMC-Fus-F-SP 5 -AGGGCGGAATTOGATACGGCCGG-3’
3 SC-CMC-Fus-R 5 -TATCAGGCTCGAGCCTTATGTCCAGCT-3’
4 SC-Xyn-Fus-F 5 -AGGTGTAAT GAATTCATGTCACTTATTC-3"
5) SC-Xyn-Fus-R 5-CCTCTCGAGTTACTTATCCCGCGTCTC-3’

Table 2—4. & 1] AREH o 7 A=A =] 54
names plasmid gene host

pGESCMC/BL21(DE3) pGEX-6P-1 CMCase-SP BL21(DE3)
pGESCMC+ SP/BL21(DE3) | pGEX-6P-1 CMCase+ SP BL21(DE3)
pGESCXYN/BL21(DE3) pGEX-6P-1 xylanse BL21(DE3)
pETSCMC-SP/BL21(trxB) | pET32-a CMCase-SP BL21(trxB)
pETSCMC+ SP/BL21(trxB) pET32-a CMCase+ SP BL21(trxB)
pGESCMC/BL21(trxB) pGEX-6P-1 CMCase-SP BL21(trxB)
pGESCMC+ SP/BL21(trxB) | pGEX-6P-1 CMCase+ SP BL21(trxB)
pGESCXYN/BL21(trxB) pGEX-6P-1 xylanse BL21(trxB)
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19 2—-10. SDS—PAGEE %3 o] A %3 o

a); pGEX—6P—1& A}&3F A x&A|S, b) pET32—aZS AME3F A =*

S; protein standard marker, GEX—-6P—1; pGEX—-6P—1

GESCMC; pGESCMC,
GESCXYN; pGESCXYN,
—SP; pETSCMC

XYN; pETSCXYN

a8 2-11. Ztzte] 714do] -8 A u) = ol A

Table 2—5. AA¥ CMCase?] thekst 712 Eo)

3

GESCMC+SP; pGESCMC+SP
ET32—a; pET32—-a
+SP; pETSCMC+SP

= Klebsiella sp. Sc®] vkt

Substrate relative activity (%)
CMC 100
xylan 20
soluble starch ND
lichenan 70
laminarin 60
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Table 2—6. AA ¥ xylanased] TF¥3k 712 Eo]A]

Sk 7%
Substrate relative activity (%)
CMC 10
xylan 100
soluble starch ND
lichenan 20
laminarin 30
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Al4d  Paenibacillus illinoisens ZY—08Z%E Cyclodextrin
Glucanotransferase (CGTase) A9 ZF=2Y,
AA 2 EA

1. A7 %y

1)Fosmid library kitE ©]&3F AlEglelB g9 45
Fosmid library %<& EpicentreAlollA] 3ul¥= EpiFos™ Fosmid Library
Production KitE ©]-&3}e] %3}t Fosmid library 7+5& {siA 8 452
HE 223 A DNA(2.5ug)E 20099389 93y e FaA] digf 40kb F=o] o
Hoz HAdsllet. olg A Awd @A S End-repair 245 o]&3sto] 7 @9
BHS- blunt endd} dFTE ©]F Et—Bro] $Hi-E A &S 1% low melting agarose
Ao 7] gEste] gk 40kb F-o] DNA 93-S s|5siqlch o] 34 dd g
pEpiFOS—5 ®WE e = H[&o] 10:10] HA AojA olAleld &, ol &
MaxPlax Lambda Packaging ExtractsE ©]83}9] packaging 3}e] E.coli
EPI100—T1el J2=% shlvh(1-3-1).

2) CGTase F+HA2] subcloning®} screening

As gho]lB 8 8]E starch®} chloramphenicole] $Hf-% 1A LBuj Aol =23} ).

e 2 %, A vl 9ol phenolphtalein &HOo = GM|A] L5 W=
of FRY FHoZ FFo Fo] PAHE FEZYE CGTases: AAst= Ax=F

5= At e 289 A= DNAS Zgste] Agtas Sau3Al
S o] &3t BE Ad st oigF 1-4 kb =9 ¥ sle] pUC118 /BamHI/BAP
WE o] AUstt. SubclonES YAl starch®t ampicilline] $HF-¥ 324 LB 8i#]
ol mEste] Arle] Wor &g AAE oo FHIS UElE FEYUE A
2 st FAd2 AEEs wRET fFd2 AA9ES National Center for
Biotechnology Information (NCBI)2] BLAST (N) X 2138 o]&3le] A5t 0
H, 454 FAE MacVector 6.5 &~ZE9|o]e] CLUSTAL W Z=2118S o] &3}
of FP3ATE. F-AA Ado] EA8tE TERE J9e TERE oo TR
o] NNPP ¥ #2.2 (http://www.fruitgly,org/cgi—bin/seqtools/promoter.html) S ©]-&

spo] EAjahgie,

3) Affinity chromatography& ©]-83F AAE 95 Ax vz 5
His—tag &% @WdS 75317 fs5te] vlo] 2 yolrlel A A5k ZetolH &3 A}

&3t3ltt. 5 —~GCTTCCGCGATTGAGCTCGATGCGGATACGGCT-3" ¢ 5 —AT
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GAATTATAAGCTTTTATTGCCAGTTTAC—-3", o] Xglo]lHEL His tag &%
el wWEQl pCold o] HA E=4Y3sh7] AsiA Zetolm o] Agtai
Sacl?} Hindll12] #A#]E AYs3th PCR "S- 50ul 4ol 100pmole] Zg}o]
™, 200ng®] 3 DNA, 20mMe] Zt7+e] dNTP (dATP, dTTP, dGTP, dCTP)<}t
1.0U¢] Taq DNA PolymeraseE ettt TF HALS va GAE 303 vb5
3} ) pre—denaturation 95CAlA 60x5 A A3 3 denaturation 95Col A 60%,
annealing 55Col A 60%, extension 72ColA 90%Z 303] HHE3}9 o0 o]F nlx
1 extension HE-g- o2 72Co|A 10%3F AAlAT. S53%%¥ DNA ©H2 Agta
Sacl® HipdllIe.= A2d F, Sacl¥ Hindlll A=

pCold I WEjol] 7Y &t}

4) NZ3 G A CGTase? AA

b
O/N t wjFstsieh. Al2= 4°C, 6,000rpmel Al 15%3F A48l & FallA 3
o™ binding buffer (20mM sodium phosphate buffer [pH 7.4],
5mM imidazole)E ©]83}o] Washingd}$1 ™, binding buffers ©]&3le] A A
a3l th. A= sonications Edke] 3 shlow, 1 AdselS 4°C, 13,000 rpmel
Al 30 E3F A4 et e A S binding buffer® HE 3} Hod=
HisTrap HP column®] %3 A]Z1 & elution buffer(20mM sodium phosphate
buffer [pH 7.4], 0.5M NaCl, 0.5M imidazole)& ©]83t4 &&F33th §&F &5+
At €<% fraction> Amicon Ultra—4% ©]-&

o
Fapglom ol A4 5A Aol A&kt

5) enzyme assay

(1) alpha—cyclodextrin

Alpha—cyclodextrine Lejeune®] HH S W slo] S=8)sl3 ). vk ML 19 soluble
starch 50ul, 20mM sodium phosphate (pH 7.4) 100 ul®} AA ¥ enzyme (ThEF
lug)s A7kste] HF 250ul7k A wHElen ofF 40TCoA 30 &<t ¥he A

ATk, G4 98e 0.1mle 1.2M HCIE H7Mgto=zm A G4 HFSS AR A
o

jui

+ cyclodextrin methyl orange solution
15Co|A 30%7F ¥k-8 3 507nmollA] §3 ==

=
lumol®] a—cyclodextring AAFs=d Q3 g49 dow Hols}

32

=
(2) beta—cyclodextrin
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o et =<2 4mM Phenolphthalein (PHP) stock &9, 125mM Na,CO; -&<¥,
20mM sodium phosphate buffer (pH 7.4), B—cyclodextrin €< (500 ug/ml)S ZA)|
3 th. working PHP €9L stock €N 1ml¥ 4mle] oeh2S 125mM NayCOs
£ 100mlell AHoAA THEAT H-EA2 1% soluble starch 50ul, 20mM sodium
phosphate (pH 7.4) 100 ul®} AAH enzyme (e lug)S 718t HF 250ul7t
HA wkERem ol& 40TelA 302 T Wk AZTE wkgefe] EAjshE
cyclodextrin® working PHP solution2 0.75ml #7}sFe] 550nmolA SF3E=E
skt a4 &4 1U= 89 lumol®] B—cyclodextring AJAtsl=dl a3k &
o] Fow Aot

(3) gamma—_cyclodextrin

Gamma—cyclodextrine bromocresol green (BCG)ZE o] &3+ Kato®} Horikoshio] H
WS WEste] 3t WS 19 soluble starch 50ul, 20mM sodium
phosphate (pH 7.4) 100 ul®} ZAE enzyme (H=F lug)S H7Iste] HE 250ul7}
A ERew olE 40TolA 30% Fet whE AT wbE F, olggo] 59l
5mM BCG 50ulE whkg-olol] H7}ate] AL-o]x BCGY yv— cyclodextrin &4 &
ol GolstEF 207t WA AT REZ A EA)5H= cyclodextrine 630nmol
A gatlch a4 84 10U 29 1 =

FYEE =
9 Bad mael Foz Polsgrh

B

)

FEE umol®] y—cyclodextring AYJAsF=
Q

6) CGTase &9 pHO} =% 33
HA &2 20-80TC Y thokst &% oA glucomannans 7| A& A|&sle] 33}

Atk W ¥+ 20mM sodium phosphate (pH 7.4)E o]& 33t 2% otHA L 7+

=
lo,
rfo
=
>
fol
o
i
w
(@)
i
fr
2
o
-
D
A
=
(@]
[y
o
]
<.
=
ot
aE
~N
i)
o
i)
N
S
ol
ol
&
A
(e}
@)
=2
>,

o] &3}o] 4285}tk 20mM citrate buffer (pH 3—6), 20mM sodium phosphate
—8), 20mM Tris—HCI (pH 8—9)¢} glycine—NaOH (pH 9—11)E o] &&} it}
FHA L ATCoA Ztzre] vH et 45 122417 B¢t pre— incubation 3+ H,

71dE A7k 40CAlA 308 B W AlA &a B4 SAIH.

[SAare
T =
(@))

7) Nucleotide sequence accession number
o] WMol Z|AMWE Paenibacillus illinoisensis ZY—082] CGTaser GenBankol
FJ232954% 52 &9t
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L

Cioning -Ready
PERIFOS™.8 Vectar
e 4
RN —
(s e
> > / > } 2 >
A *8
% ¢
F’ul\!y Gunumc Randomly Sheat &  Isolate DNA of Correct Size Petfoim In-Gel Package & Screen

End-Repair DNA Ligation Titer t

a9 3-1. P illinoisensis ZY—08ZFE CGTasef#HA €4S 93k genome

library 7% EA L%

2. A7 ¥ 23

1) P. illinoisensis ZY—08 5% CGTase A9 24

Fosmid Library Production Kit (Epicentre)& ©]-83te P. illinoisensis 7Y —081
o Al ZolBdgE THSIAY. B T AXFA FollA soluble starchEs 7]
A2 712 LB—chloramphenicol 1A iz A 3 &3S 7HA= 288 ddEs)
Atk AH S29 EE}&U}E DNA®] Alo]=7} YF 7] wj&o] A} Sau3Al A
SEAE FEAY §, pUCLL8/BamHI/BAP o]-&3te] gtelnelels %313t A
2} soluble starch® 7|22 7}Z LB—ampicillin 322] 8] #]ol A &3] &A4S 714 =
85 AEEsith

ZY-08 #5¢] CGTase frd2s +43 23}, 271 ATG 7HA =S 7= &
7B2] open reading frame®] =}tk A HA ATGE HAGS /A ZE=o 2 o
Athd AR 718709 ofn 1w AbS otsEtsla gl 2,15771¢] ORFE wha] ATt 7)A]
=] 7 bp &EoA AHAQI ribosome binding site (5°-GAAGGGTGA—- 3)E
A g A9lem, = 60-115 bpe] AR FHl 1099 (5°=TATT ATT-3")
7 =359 (5-AAGTCT-39)< =l & o U3tk N-Hvud 992 SignalP
(http://www.cbs.dtu.dk/services/SignalP) AF]EES E3|A o=ttt E43 24
3, Alzrg Felol=o] Hdk R Ala—343 Asp—35% Alo]¢l Ao g et
:LEH/H 24—% Ao BxeE 74 kDaZs 7FA 684709 oju]mtom A
A A T8 A (LR 3-2).

F_‘ﬂ

w2
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GATCATAACTCGAGGGCCATGCTTTTAAACCCAAGCGGTTTAGGACAACCCCGRTAACTCCCCAGGAGATACCGGRGTTGTTGGCGTGTC 90
SaudAl
GAAGGAGGGAAGTCTTTAAGCCACGGGATGTCTCCTCGTACAATTGT AAGCGCTATTATTCAAGAGCCAGGTTAGTTGTTTTTGTTGAAA 180
=35 =10
ACTACTAGATTCATGAAGGGTGGATTACCATGTTTCAAATGGCCAAACGCGTTCTCCTCAGTACCACGCTAACGTTGAGCCTTCTTGECE 270
D M FGMWAKRVVYLLSTTLTFZSILLA 20
GCAGTGCATTGCCTTTCCTGCCTGCTTCCGOGAT TTATGCCGATGCGGATACGGCTGTCACCAACAAGCAAMATTTCAGTACCGATGTCA 360
G S ALPFLPASAIYADADTAVTITNIEKG GNTFSTIDY 50
T
TCTATCAAGTTTTTACGGACCGGTTTCTGGATGGTAACCCATCCAACAACCCTACCGGAGCTGCCTTTGACGGCACATGCGAGCAACCTGA 450
| Y@ VFTDRFLDGMNZPU S SWNNPTOGAAFDGTT UGS SNIL 80
Ca* binding domain
AACTGTACTGCGGCGGCGACTGGCAGGGGCTGAT TAACAAARATCAATGACAACTATTTCAGTGACCTGGGTGTCACTGCCCTCTGGATCT 540
KLYOCGGDWOQEGL | NKI NDNYTFSDLGVTALWI 110
COCAGCCTGTCGAAAATATTTTCGCTACCATCAACTACAGCGGTGTAACCAACACGGCTTATCACGGCTATTGRGCACGGGATTTCAAGA 630
SQPVENIFATINY SGEVTINTAYHGY WARTDTFK 140
AGACCAATCCATATTTCGGAACCATGACCGATTTTCAGAATCTGGTGACCACCGCCCATGCCAAAGGCATCAARATCATTATTGATTTCE 720
K TNPYFGTMNTDFGNLVYTTAHAKGI KTITI I 1 DF 170
Region | / Domain Al
CGCCAAACCATACGTCCCGTGCCATGGAAACCGATACCTCCTTCGCT GAGAACGGCAAACTGTACGACAACGGCAGCGTGGT TGGCGGGT 810
APNHTSPANETDTS ST FAENSGEKTLYDNGS SLUVEGEG 200
+==1— Domain B
ACACCAATGATACGAACGGATATTTCCACCACAATGGCGGCTCCGATTTCTCCACGCTTGAGAATGGCATTTACARMAAACCTCTACGATC 900
Y TNDTNGYFHHNGGSODFSTLENGIYHKNLTYTD 230
TGECCGATCTGAATCACAATAACAGCACGATCGATACATATTTCAAAGACGCCATCAAGCTGTGGCTGGATATGGGCGTGGACGGCATCE 990
L ADLMNUHNNSTIDTYFEKDAI KLWLDMNGVDG 1 260
Domain B «—~— Domain AZ
GTGTAGATGCGGTCAAGCACATGCCTCAGGGCTGGCAGAAMAACT GGATGTCATCCATCTATGCACACAAGCCGGTATTTACCTTCGGTG 1080
R VDAV KHMPOGSGWOGKN®WMSSI| Y AHKPVFTTFG 290
Region 11
AATGGTTCCTGGGATCGGCTGCATCOGATGOAGATAACACGGATTTTGCCAATGAATCCGGCATGAGCCTACTTGATTTCCGTTTCAATT 1170
EWFLGSAASDADNTODTFANETZSGMWNSILLDFRTFWN 320
Region 111
CGGCTGTGCGCAACGTGTTCCGGGAT AACACCTCCAACATGTACGCGCTGGATTCCATGCTTACGGCTACAGCAGCAGATTACAATCAAG 1260
S AVRNVFRDNTT S NMKNYALDSMNWNLTATAADYNG G 350
TGAATGACCAAGTCACTTTCATTGACAACCATGATATGGACCGCTTCAAAACAAGTGCGGTGAACAACCGCCGOCTGGAACAGGCTCTGE 1350
VNDQVTFEFIDNHDMDRTFEKETSAVNNRRLET G GH AL 380
Region IV

2% 3-2. Paenibacillus illinoisensis ZY—082] cyclodextrin glucanotransferase

(CGTase) §Ax}2] A7 A3} o}u| Ak A

T2 RE A ddEE —359 —104 €3 ribosome—binding site (SD)& F+ &
o, AoMde sHdEe FASIT. CGTased A-EXm|le] A=
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CCTTCACGCTGACCTCACGCGGTGTACCTGCCATCTATTATGGTACCGAGCAGTATCTGACCGGGAACGGTGATCCGGATAACCGGGGCA 1440
AFTLTSRGVPAIYYGTEGYLTG GNTGTDPTIDNTRSGEG 410
AAATGCCTTCCTTCTCOAAATCGACCACAGCGTTCAACGTGAT CAGCAAGCTGGCACCTCTGCGCAMATCCAACCCGGCGATTGCCTACG 1530
KMPSFSKSTTAFNVI SKLAPLRKTSNPAIAY 440
Domain A2 «
GTTCCACACAGCAGCGOTGGAT CAACAATGATGTATATATCTATGAGCGCAAGTTTGGCAAAAGCGTTGCCGTCGTTGCCGTTAACCGCA 1620
G S TQ@GQGRWI NNDVY I YERIKTFG GEKT SVYAVVAVNR 470
< Domain C
ATCTTACGACGCCAACCAGTATTACGAACCTGAATACGTCGCTTCCATCAGGAACATACACCGATGTGCTGGGCGGCGTGCTGAACGGAA 1710
N LTTPTS I TNLNTSLPSGTYTDVLGGEVLNSEG 500
ACAACATCACGTCCAGT GGAGGCAATATTTCTTCCTTCACGCT CGCAGCAGGAGCTACCGCTGTGTGGCAGTATACGGCAAGTGAAACGA 1800
NN I TS SGEGENIT S SFTLAAGATAVWGYTASET 530
Domain C «--— Domain D
CGCCAACCATCGGTCACGTTGGCCCTGTAATGGGTAAACCAGGTAACGTCGTTACCATCGACGGACGCGRGTTCGGCTCTGCCAAAGGTA 1800
TPTI GHVGPVMWNGEKPGNVYVYTIDGRIGFGSAIKTEG 560
COGTCTACTTCGGTACAACAGCCGTTACGGGCTCAGCCATCACTTCATGGGAAGACACTCAGATCAAAGTCAGCATTCCACCCGTAGCAG 1980
TVYFGTTAVTITGS AI TSWEDTAQ@ I KVTITIPPWVA 590
GOGGTGACTATGCAGTGAAAGTAGCTGCCAATGGTGTAAATAGCAATGCCTATAACGATTTTACCATCCTAAGCGGCGATCAGGTCTCGG 2070
G GDY AV KV AANGVNSENAYNIDFTILSGDGVS 620
Domain [ +=-— Domain E
TTCGGTTCGTCATCAATAATGCCACAACTGCGCT GEGTGAAAACATCTACCTGACGGGCAACGTGTCCGAACTGGGGAACTGGACCACAG 2160
VRFVY I NNATTALGENIYLTGNUVSELTGNWTT 650
GTGCGGCTTCCATTGGACCAGCTTTCAATCAGGT CATCCACGCCTACCCGACT TGGTATTATGACGTAAGTGTTCCAGCCGGGAAACAGC 2250
G AAS I GPAFNGV I HAYPTWYYDVSVPAGIEKH®GQ 68O
TGGAATTCAAGTTCTTCAAGAAGAATGGCGCTACCATTACGTGGGAAGGTGGATCCAATCACACCTTTACAACACCGACCAGCGGTACTG 2340
LEFKFFKEKNGGATITWEGGSNHTFTTPTSGT 710
COACAGTAACGGTAAACTGGCAATAACTAGCCATAATTCATTAAGGAAGCCCGGAGCAGCGCTTATGCAGCATACGCTCCGGATTTTGAC 2430
AT VT VNWIG=*= T8
GTTTCATCTTGTTTCTGGTTCATCGGTAAGT TCGAATGGACTTCAATGTGETCGCGGCAAGGATTCOGGTTGCGAGCAGCAGCGTGCCGA 2520
GTCCCTGOAGCACCGCOGOTGOCOCCCACTGATCAGCCATCACCGAGACAACTGTCAATOCCAGGATAGGCGCCGTGCTTGTAATTGTAC 2610
CGACAACACCATAGATTCTCCCCTGCAGCTCATCGGGTACTGCTGTTCTTAGCATGATCTGGGTGAGCATCGTGCAGCAGGCARACATCG 2700
CTCCCCCGCCCACGATGAGCGGAAGTGCCATCATGEGCGAAGT TACCCGGEACAGGAGAATATAGAGCGGCCCCAGAACCAGCAGACCGA 2790
TGAATAGCCATCGCOCTCTTCGCTTCATTCGTTTCOCCGATGCGATCAAGAGTCCCGATOCAAGCATATAACCAAGCGGAATACACGTTT 2880
CAATCAATCCAAACTGTACGGGGTCTGCTTCCCATACCT TGACTGCCATCACCTGAACCAGCATCATGGCTGACATAARAAATAAAATCA 2970
GCAGTGGATTAAGCAATACAATCGACCGAATTAGTGGACTGOGATAGATATAGGAGAATGATC 3033
SaudAl

% 3—2. (continued)

2) ZY—-08 #F2] CGTasest 7]E9] b2 CGTaseE¥9] vl

P. illinoisensis 7ZY—08 529 CGTase olv|xAt MES M e ©&
CGTaseE¥® BLAST Z2Z#& o]&3)x vlmw ®ASH(Table3—1, 19
3-3,4,5). T2y & identity®t similarityES YWeFNRITy. Bacillus licheniformis
(BACLI, 99%, 99%), B. circulans 18 (BACCI2, 91%, 96%), Bacillus sp. 6.6.3
(BACSS, 91%, 95%), alkalophilic Bacillus sp. 17.1 (BAC11l, 73%, 85%), B.
circulans 251 (BACCIL, 73%, 83%), Bacillus sp. 1018 (BACSS8, 73%, 83%),
alkalophilic Bacillus sp. 1.011 (BACSO, 72%, 84%) alkalophilic Bacillus sp. 38.2
(BACS3, 71%, 83%), Thermoanaerobacterium. thermosulfurines EM1 (THETU,
66%, 80%), Paenibacillus marcerans (PAEMAL, 65%, 80%), P. marcerans
(PAEMA2, 64%, 76%), B. stearothermophylus NO2 (BACST, 60%, 75%),
Brevibacillus brevis CD162 (BREBE, 59%, 74%), alkalophilic Bacillus sp. 1.1
(BACS2, 58%, 75%), B. obhensis (BACOH, 58%, 74% )%}t Klebsiella pneumoniae
(KLEOX, 35%, 53%). ¥ deto|HE A} 571 754 &4 49 (A, B, C, D

o} E)¥ I-1VY 4579 o} % conserved region?] &A= 3ol & 4= At
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(Table3—2). CGTased] &4 H-9ol =A13= 3709] catalytic residues (Asp—263,
Glu—291¢} Asp—362)5 &1 & & dddow, o= 7|EA Wz Bacillus
circulans strain 2512] CGTaseol| £x]3t= 3709 catalytic residues (Asp—257,
Glu—2299F Asp—328)¢ AR Aoz wisixlty. ejal, 7]d 23} cyclization
HEgol F83% 7% Aoz delRl Lys—93, Tyr—123, Asn—128, Phe—217,
Asn—227, Leu—228, Tyr—229, Asp—230, Phe—317%} Asp—4052] &%= &<l & &=

AT

Table 3—1. A< de}o]|HES} phylogenetic tree 750 AF&% CGTases? &=

Homologous protein Origin Identity (%) Positive (%)  GenBank Reference
BACLI Bacillus Ilicheniformis 99 99 P14014 36
BACCI2 Bacillus circulans 8 91 96 P30920 37
BACSS Bacillus sp. 6.6.3 91 95 P31747 38
BAC11 Alkalophilic Bacillus sp. 17.1 73 85 P30921 39
BACCI1 Bacillus circulans 251 73 83 P43379 40
BACS8 Bacillusp sp. 1018 73 83 P17692 41
BACSO Alkalophilic Bacillus sp. 1011 72 84 P05618 42
BACS3 Alkalophilic Bacillus sp. 38.2 71 83 P09121 43
THETU 7. thermosulfurines EM1 66 80 P26827 44

PAEMA1 Paenibacillus macerans 65 80 P31835 45
PAEMA2 Paenibacillus macerans 64 76 P04830 46
BACST Bacillus stearothermophylus NO2 60 75 P31797 46
BREBE Brevibacillus brevis CD162 59 74 030565 47
BACS2 Alkalophilic Bacillus sp. 1.1 58 75 P31746 48
BACOH Bacillus obhensis 58 74 P27036 49
KLEOX Klebsiella pneumoniae Mb5al 35 53 P08704 50
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P08704
P27036

P31746
_|: 030565
P31797
P30921

|: P43379
P17692
P09121
P05618

P30920
P14014
ZY08

—
—E P31747
—

P318356
P04830

P26827
01

19 3-3. 2Y-08% HuEo]Z CGTased A4 defo|HE Phylogenetic tree

Zy08 MFQOMARRVLLSTTLTFSLLAGSALPFLPASATIYADADTAVTNEQNFSTDVIYQVFTDRFL 60
BACLI MFQMARRVLLSTTLTFSLLAGSALPFLPASATIYADADTAVINRKQNFSTDVIYQVFTDRFL 60
BACSS MFQMARRAFLSTTLTLGLLAGSALPFLPASAAYADPDIAVTNRQSFSTDVIYQVFTDRFL 60
BACCIZ2 MFQMARRAFLSTTLTLGLLAGSALPFLPASAVYADPDTAVINEQSFSTDVIYQVETDRFL 60

dekkkdddk -ddkdkddd . khkdkkhkdkdddhddkdd dddk & ddkddded ook de o o ok o ok ok ke ok

Signal sequence ca?
v
ZY08 DGNPSNNPTGAAFDGTCSNLELYCGGDWQGLINKINDNY FSDLGVTALWISQPVENIFAT 120
BACLI DGNPSNNPTGAAFDGTCSNLEKLYCGGDWQGLVNKINDNYFSDLGVTALWISQPVENIFAT 120
BACSS DGNPSNNPTGAAYDATCSNLELYCGGDWQGLINKINDNYFSDLGVTALWISQPVENIFAT 120
BACCIZ2 DGNPSNNPTGAAYDATCSNLELYCGGDWQGLINKINDNYFSDLGVTALWISQPVENTFAT 120

de e o ek ke ke ek ke e e o e ke s o ke o o ke ke ol e ol e ke ok e ke & ke e ok e ok ke o o e ke o e ke ke ok ke o ol ok o e ke ol ok ok o ke ok

binding site

Region I
v v
ZY08 INYSGVTNTAYHGYWARDFRKTNPYFGTMTDFQNLVTTAHAKGIKIIIDFAPNHTSPAME 180
BACLI INYSGVTNTAYHGYWARDFRETNPYFGTMTDFQNLVTTAHAKGIKIIIDFA! SPAME 180
BACSS INYSGVTNTAYHGYWARDFRKTNPYFGTMADFONLITTAHAKRGTKI T IDFAPNHTSPAME 180
BACCIZ2 INYSGVINTAYHGYWARDFRKKINPYFGTMADFONLITTAHAKGIKIVIDFAPNHTSPAME 180

ke sk v s e ol ol ke ke ke ke vk e e e e ol ol ok sk vk el e ol ol e ol ok« Sk el ol o ol sl sk ok ke e ok ol ol sl o ok ke el ol ol e e ol ok ke e ke

Al «—L— B

zZyos TDTSFAENG‘KLYDNGSLVGGYTNDTNGYFI{HNGGSD;STLENGIYK;;;;LADINHNNST 240
BACLI TDTSFAENGKLYDNGNLVGGY TNDTNGY FHHNGGSDFSTLENGIYENLYDLADLNHNNST 240
BACSS TDTSFAENGELYDNGTLVGGY TNDTNGY FHHNGGSDFS SLENGIYENLYDLADFNENNAT 240
BACCIZ2 TDTSFAENGRLYDNGTLVGGYTNDTNGYFHHNGGSDFSSLENGIYRENLYDLADFNHNNAT 240

deddkokoh ok okok s dkddedk Aokdkdk ok ok d ok kk kA Aok Ak d ko ko doddk - dkkdk ok o

B>l 5 A2

13 3—4, vt g ol CGTases? ofn=Al A dejo]lHE
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Zyos

BACLI

BACSS

BACCIZ2

ZY08

BACLI

BACSS

BACCIZ

ZYO08

BACLI

BACSS

BACCIZ2

ZYo08

BACLI

BACSS

BACCIZ2

Region II Region III

IDTYFRDATELWLDMGVDIGIRVDAVEHMPOGWQRNWMS S IYAHKPVF TFGEWFLESAASD
IDTYFEDATIRLWLDMGVGIRVDAVEEHMPOGWQFRNWMS S IYAHRPVFTFGEWFLYGSAAPD

IDEYFRDATRLWLDMGVGIRVDAVEHIALGWORSWMS S IYVHRPVFTFGEWEFLYGSAASD

IDKYFRDAIRLWLDMGV}GIRVDAVEHMPLGWORSWMS STYAHKPVE TFGEWFLGSARASD

ek kdkdkckdkok koo ok okod ok odedkdrkdkok o kb ke okok | kbbb k ek kb kokokdkeok ok

v
ADNTDFANESGMSLLDFRFNSAVRNVFRDNTSNMYALDSMLTATAADYNQVNDOQVTEFIDN

ADNTDFANESGMSLLDFRENSAVRNVERDNTSNMYALD SMLTATAADYNQVNDQVTE IDN

ADNTDFANKSGMSLLDFRFNSAVRNVFRDNTSNMYALDSMINSTATDYNQVNDQVTF IDN

ADNTDFANESGMSLLDFRFNSAVRNVEFRDNTSNMYALDSMINSTATDYNQVNDQVTIFIDN

*i*i****:**t***********i*ti***i**i***ii*:':*i:*i***it*i**ii*

v
HDMDRFETSAVNNRRLEQALAFTLTSRGVPAIYYGTEQYLTGNGDPDNRGEMPSFSESTT

RFEKTSAVNNRRLEQATAFTLTSRGVPAIYYGTEQYLTGNGDPDNRGEMPSEFSKSTT
RFETSAVNNRRLEQALAFTLTSRGVPAIYYGTEQYLTGNGDPDNRAKMPSESKSTT

IMDRFKTSAVNNRRLEQALAFTLTSRGVPAIYYGTEQYLTGNGDPDNRAKMPSFSESTT

e e e e ok dhe o e ok e e ok ol ke ke o o ke ok ke o ol ok e ol ok ol ke ke ok o ol ok e o ok ok o ok o ol ke b ok e e e e e o o e ok ol ke o ok e ke

AFNVISKLAPLRESNPAIAYGSTQORWINNDVY IYEREFGESVAVVAVNRNLTTPTSITN
AFNVISELAPLRESNPATAYGSTQORWINNDVY IYERKFGRSVAVVAVNRNLTTPTSITN
AFNVISELAPLRRSNPATAYGSTOQOQRWINNDVYVYERKFGRSVAVVAVNRNLSTPANITG

AFNVISKLAPLRESNPAIAYGSTQORWINNDVYVYERKFGESVAVVAVNRNLSTSASITG
ke ok ok ok ke ok ke e e e ke vk ok sk ok ok ok ok ok ok ke ke e ek e e ke e ke ke okeoke ek b ke ek ke ek ke kb ks k|

A2 «—L1— C

19 3—4. (continued)

- 245 -

300

300

300

300

Region IV

360
360
360

360

420
420
420

420

480
480
480

480



zY08

BACLI

BACSS

BACCIZ2

ZY08

BACLI

BACSS

BACCIZ2

ZYO08

BACLI

BACSS

BACCIZ

ZYO08

BACLI

BACSS

BACCIZ

LNTSLPSGTYTDVLGGVLNGNNITSSGGNILSSFTLAAGATAVWOQYTASETTFTIGHVGEV
LNTSLPSGTYTDVLGGVLNGNNITSSGGNISSFTLAAGATAVWQYTASETTPTIGHVGPV
LSTSLPTGSYTDVLGGVLNGNNITSSNGSVNSFTLAAGATAVWQYTARETTPTIGHVGEV

LSTSLPTGSYTDVLGGVLNGNNITSTNGSINNETLARGATAVWOQYTTAETTPTIGHVGEV

e decdedked o o deddkekok bk dededeokokededede o ko dedkedede e o ok e ke e e sk ke ke o ol ol ok e ol ok ke ke ke ke ke ke

c «=—l—8 p

MGRPGNVVTIDGRGEFGSARGTVIFGTTAVIGSAITSWEDTQIRVTIPPVAGGDYAVEVAR
MGEPGNVVTIDGRGFGSARGTVYFGTTAVIGSAITSWEDTQIRVTIPPVAGGDYAVEVAR
MGEPGNVVTIDGRGFGSTRGTVYFGTTAVIGAAITSWEDTQIRVTIPSVAAGNYAVEVAA

MGEPGNVVTIDGRGEFGSTRGTVYFGTTAVIGAATTSWEDTQIKVTIPSVAAGNYAVEVAA

e e e ke ke ke ke ok ok e s e e sl ol ol ok w ke sk e e e e e ol sl ok ok ke ke o e skl e ol sl e sl ke ok ke ke ek ke el e x ok ke ke kol ke ol

NGVNSNAYNDETILSGDOVSVREVINNATTALGENIYLTGNVSELGNWITGAASIGPAFN
NGVNSNAYNDFTILSGDOVSVREVINNATTALGENIYLTGNVSELGNWITGAASIGPAFN
NGVNSNAYNHFTILTGDOVIVREVINNASTTLGONIYLTGNVAELGNWSTGSTATIGPAFN

SGVNSNAYNNFTILTGDOQVIVREVVNNASTTLGONLYLTGNVAELGNWSTGSTAIGPAFN

koo ok s dedeokeok s ko ok ke ke gk ek ke g koo ek o kekkokk

D ¢t E

540
540
540
540

600
600
600
600

660
660
660
660

QVIHAY PTWYYDVSVPAGRQLEFRFFRFNGATITWEGGSNHTFTTETSGTATVIVNWQ 718

QVIHAYPTWYYDVSVPAGKQLEFRFFRRNGATITWEGGSNHTFTTPTSGTATVIINWG 718

QVIHQYPTWYYDVSVPAGRELEFRFFERRNGSTITWEGGSNHRETTPASGTATVIVNWQ 718

QVIHQYPTWYYDVSVPAGRQLEFRFFERENGSTITWESGSNHTETTPASGTATVIVNWQ 718

dedeodeole e ok ok ke ke e ek ok okl ke o ke e e e o ek dkkok | ekl | drdkodkeodk o el e e ok o ke e

19 3—4. (continued)
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ZYB 4 STDVIYQVFTDRFLDGNPSNNPTGAAFDGTCSNLELYCGGDWQGL 91
BACLI ## STDVI YQVFTDRFLDGNPSNNPTGAAFDGTCSNLELYCGGDWQGL 91
BACCI2 # STDVI YQVFTDRFLDGNPSNNPTGAAYDATCSNLELYCGGDWQGL 91
BACSS # STDYI YQVFTDRFLDGNPSNNPTGAAYDATCTNLELYCGGDWQGL 91
BACIl 4 STDVI YQI FTDRFSDGNPANNPTGPAFDGTCTNLRLYCGGDWQGI 8
BACCI1 0 STDVI YQI FTDRFSDGNPANNPTGAAFDGTCTNLRLYCGGDWQGI &
BACS8 4 STDVYI YQI FTDRFSDGNPANNPTGAAFDGTCTNLRLYCGGDWQGI &
BACS0 4 STDYI YQI FTDRFSDGNPANNPTGAAFDGSCTNLRLYCGGDWQGI &
BACS3 4 STDYI YQI FTDRFSDGNPANNPTGAAFDGSCTNLRLYCGGDWQGI &
THETU 4 STDVI YQI VIDRFVDGNTSNNPTGDLYDPTHTSLEEYFGGDWQGI 84
PAEMA1 4 STDTVYQI VIDRFVDGNSANNPTGAAFSSDPDHSNLELYFGGDWQGI 84
PAEMA2 4 STDVI YQI VIDRFADGDRTNNPAGDAFSGDRSNLELYFGGDWQGI 84
BACST 4 TSDVVYQI VVDRFVDGNTSNNPSGALFSSGCTNLREYCGGDWQGI &
BREBE 29 SKD VI YQI VIDRFSDGNPANNPSGAI FSQNCSDLHEYCGGDWQGI 73
BACS2 383 SKDYI YQI VIDRFSDGNPGNNPSGAI FSQNCIDLHEYCGGDWQGI 8
BACOH 38 TRDVYI YQI VTDRFSDGDPSNNPTGAI YSQDCSDLHEYCGGDWQGI 8
KLEOX 4 REETI YFLFLDRFSDGDPSNNAGFNSATYDPNNLELYTGGDLRGL &
* * * *

8 3-5. P jllinoisensis ZY—08%} 7]&o] ® iy urgElole] CGTased Cat
binding domain E&}o]|HE

Table 3—2. CGTasesol A amylase?] 1— IV HEF 99

Consensus

Homwologous protein Region 1 Region I Region III Region IV
Residue D A W 1 N H Residjuue G F R L D A A K H BResidue E ¥V 1 D RBResiduu F ¥V D N H D
2X08 169 D F A P N H 259 G I R Vv D A ¥V K H 291 E W F L 357 F I D N H D
BACLL 169 D F A P N H 59 G I R Vv D A ¥V K H 291 E W F L 357 F I D N H D
BACCIZ 169 D F A P N H 259 G I R Vv D A ¥V K H 291 E W F L 357 F I D N H D
BACSS 169 D F A P N H 259 G I R V D A ¥V K H 291 E W F L 357 F I D N H D
BAC11 162 D F A P N H Fiiya G I R M D A ¥V K H 284 E W F L 350 F I D N H D
BACCH 162 D F A P N H 252 G I R M D A ¥V K H 284 E W F L 350 F I D N H D
BACSS 162 D F A P N H 252 G I R M D A ¥V K H 284 E W F L 350 F I D N H D
BACS0 162 D F A P N H Fiiya G I R Vv D A ¥V K H 284 E W F L 350 F I D N H D
BACS3 162 D F A P N H 252 G I R Vv D A ¥V K H 284 E W F L 350 F I D N H D
THETU 161 D F A P N H 251 G I R L D A ¥V K H 283 E W F L 349 F I D N H D
PAEMAL 162 D F A P N H 252 G I R F D A ¥V K H 285 E W F L 351 F I D N H D
PAEMAZ 162 D F A P N H 252 G I R F D A ¥V K H 285 E W Y L 352 F I D N H D
BACST. 162 D F A P N H 252 G I R M D A ¥V K H 284 E W F L 350 F I D N H D
BREBE 148 D F T P N H 237 G I R V D A ¥V K H 269 E W F L 335 F I D N H D
BACS2 158 D F T P N H 247 G I R V D A ¥V K H 219 E W F L 345 F I D N H D
BACOH 157 D F T P N H 249 G I R V D A ¥V K H 279 E W F L 345 F I D N H D
ELEQX 160 D Y A P N H 249 A 1 R 1 D A I K H 287 E W F G 358 F M D N H D
o) =]
3) CGTase®| #8 HA
- — . = Q = 1= O >

Mx% CGTasew E. coli BL21 (DE3)E ©]-&3lo] #8] AAsHAT. g &2E
= Q & ¢} ] 43 1= A= TitvE o = Q Wl hv s
= o]&3k Tl WAl FA|A = solubilityE =ol7] HallA A= odd Z=R

HE 71X 9= pCold I vectorE o] &3t} vl de HF% 02 His—tag %3}
A AZvEIYIE o] &sle] EYekth A" " Ae digf 74 kDa A E<
TAEE 7M1= 0.2 SDS-PAGEE a4 &<l & 4 UATHIH3-6).

4) P. ilinoisensis ZY—08 w52 CGTase2 54

CGTase? HA &+ 40C=2 W HH(2H3-7). 2182 9 &4t 40C7HA=
OIS 60% o] FALS §AFPAT 1 o)A LmoAE G Ao F
ASHA Hdadte dds #F @ AT HA pHE pH 7408 #&F Hojxo
W, pH 6-9 HL7tA9] W2 HejolA g 8e Hetd= 2 a2 & -+ 3
(Z1¥3-8). v}k deje] 714dE  (starch, glucomannan, galactomannan, king

oyster mushroom, enoki mushroom powder) 7| & Eo]X S ZASFA Y (Table3—3).
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Soluble starch® ©]€ 39S w, 7Fd 7423 cyclodextrin AH5eEL 19 om
o

king oyster mushroom, enoki mushroom powderE 7]& =% o] &3}

(¢
o
oo

ol
20

st S A S 4 Qo) glucomannan®} galactomannan<-

o = A9 &z g F GlATHZH3-9).

100
70 e
50
40

30

IR

20
10
‘e

1% 3-6. P. illinoisensis ZY—08=5-E CGTase? A A

Lane 1, protein marker; lane 2, soluble fraction; lane 3, purified CGTase.

100 -

L 2] =]
o o o
1 1 1

Relative activity (%)

N
o
1

20 30 40 50 60 70 80
Temperature (°C)

a9 3-7. AAlE CGTased] &=9¥ 24 53 H4 2= (@), 2244 (O).

- 248 -



60 -

40 -

Relative activity (%)

20

pH

9 3-8. AAE CGTases| pHYE &4 a3 2 pH (@), pH HdA (O).

Table 3—3. AA|E CGTase?d] 712 Eo]A

Substrate (umol/min Li(r:'tir‘rrli;yof enzyme) Relaﬁv?%?;CtiVitya
Soluble starch 3.57 100
King oyster mushroom 0.63 17.7
Enoki mushroom 0.33 1
Glucomannan N.D. N.D.
Galactomannan N.D. N.D.

#The activity for soluble starch was defined as 100%

oe .

-02

Absorbance
Absorbance
-
=

»
4

04

»
4

06

2

05

45I0 m sslo Bl;l sio 450 L] 55 [P0 650
Wawve length (nm) Warve length ()
A) B)

S% 3-9. R R /1A Abgehel 2Y-089] CD AAF Wl
A, ZY—08; B, recombinant clone
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A543 Paenibacillus  xylanilyticus  7ZY—032%4-H B

—mannanase® &4, A 2L EA

L A3 U

1) Chemicals and Media

Locust bean gum (LBG), birchwood xylan, carboxymethyl cellulose (CMC), ¢} 7]
S Alzimp At A F9EA T Glucomannane 5 HongyeAlZH-E sk

o Foke AlFo] FujsteE Ao® FIvh 9 A AMgE V]E wA=

0.2—2%2] glucomannan, 0.1% KHsPO4, 0.02% MgS04¢} 0.5% polypeptonES $H-3}

2)vhds Falsts o A
gt 7 g9dFE wilele v8S A= AEE 5 F glucomannan$s
Bt sHo| 53 Paenibacillus xylanilyticus 7Y—03ZS AF-&3% o}

3) ZY—03%] mannanase “g A

1L wigd s AT E St B84 =455 AA st MY deds
YM—30 membrane®] #=2r¥ ultrafilteration cell unit (Millipore)E ©]-&3}e] =
30mle] A =389}t o] EF N DEAE—Sepharose 3= AHS o] &3dle] A5
ntE g E F3ert. AH S 20mM sodium phosphate (pH 7.4)& o] 83}
pre—equilibration 3} th MES FoIsk & T2 W 15mle Z214 unbounded
proteing #8399 o, elutione NaClS ©]83}e] bounded proteins #2]8}3it}.
223} fraction = TS Ve = fractions A 3lo] sephadex G—50 AHS o]
goto] AmmtEaYE Fstl

N

4) SDS—PAGE®} zymogram
SDS-PAGE+ Laemmli WHES &8st Skt  Zymogram< poly—
acrylamide 2 9| glucomannang St 7} stojA AS WSt SDS-PAGE
=2 83 5 AL 25% isopropanolel 7} Ao Exs= SDSE BT A AN
o1, 20mM sodium phosphate (pH 7.4) W 3o F7} 37T A 2A7He2F HEg- A
73‘3}. flarcy 3?, AL congo red §No R FAFI o o]5 thA] 1M NaCl €

o

5) Mannanase assay
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Mannanase @494 5742 Jiang's WHS &35t ). vEgAL2 0.5%
glucomannan 50ul, 20mM sodium phosphate (pH 7.4) 100 ul®} AAE enzyme
(= lug)s H7kstel HF 250ul7F A &A™ o5 60T 302 &t v
< Alﬁu}. B S 100ColA 108 5o Aggtezn A4 a4 S AXA
17 Sl EAste FLFS DNSH S o]&ato] 43kl a4 &4 1U

o}, W
© % lumol®] mannosed AAitsh=d] Qs aio] Fo= Aot

>,

6)mannanase®] 2%=9 pHHE A § A

HA 25+ 30-90C 9 th4dt 250X glucomannans 7| &= A|33to] a3}
th. W ¥ = 50mM citrate buffer (pH 6.0)& ©]-& 3I3lth &% MBS 2H7te] &
LA EAE 1AIRE &%t pre—incubation & ¥, 7|H & HIlste] a4 S S5

skt # A pHe whFe 919 buffers ol-&dto] 3383t 50 mM citrate
buffer (pH 3.0—5.0), 0.1 M sodium phosphate buffer (pH 6.0 & 7.0), 0.6 M
Tris—HCI (pH 8.0 & 9.0) and 50 mM glycine—NaOH buffer (pH 10.0 & 11.0). pH
orFA L 4Co| - Z+zte] vH et 45 1A7F 59 pre—incubation 3 ¥, 7] &S
A7kt a4 S-S SAs

714E Sold3 &

71450142 50 m

B
rZ

o A
- HFEE

=

citrate buffer (pH 6.0)°l 5mg/mle] 7] &3} a4AE #7154
60Cell A 10&7F RE-g3te] FA3drh &4 ¥ £%=8 Km¥% Vmaxe pH 6.0,
50Co| A 10&7F vHg % 50 mM citrate bufferl] 0.2—1.0 mg/ml®] == 7|2 &
Z 7}l o] Lineweaver—Burk®] WH o2 AA S}

QIN—Tk ofm| =2t ME A7

AA¥  B—mannanase™ polyvinylidene difluoride (PVDF) membrane (GE
Healthcare)S ©]-&3}o] blottingadtth. N—2 et opn] A A& automated Edman
degradation using PROCISE 491 HT protein sequencer (Applied Biosystems,
USA)ell ofs A4 At

2. A ¥ A3

)mannanase®] A4F 2 GA

Paenibacillus xylanilyticus ZY—03< 0.5% glucomannans A 7}gF v x|l A 37Col
A 5L Wi gRE A, a4l Fe] 900U/mIE Huje] ¢S AMets Ao=m e
o}, Paenibacillus xylanilyticus 7Y —0325-E] 9] A A ¥ mannanase?] dA| ghlz
G AA 2L Zh2E 0.8mgH 135U F5sint. 3582 15%°]H, specific
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O

242 169U/mgel L, 34w sFE2 Atk zymograms &3 A E
Ny =0
| T

o}
S Ao, ExpEke oF 390 kDa AE
2

dol ARE Foll Ao 5
2 oA HA-1). N=2e op] it S D-M-A-E-I-E-K-F-D-K=
4= At

-

| — A4A— 3 kDa

19 4—1. SDS—PAGE (A), lane M, pre—stained protein size markers (ELPiS);

lane 1, DEAE, lane 2, Phenyl—sepharose, lane 3, Hi—Trap phenyl sepharose and
Zymogram (B).

2)2%=9, pH H i &4 a7
B—mannanase A9 HZA &x= 60TColH, 80TCoA 80 A =2 SAJo] &L
Sl tH(1H4—-2). 50-55TCeA HZAe] A& 7[R = B. subtilis strains
NM—-399F KU—-19o] #H|&] ZH& 2xoA4 Hi FAHS 7HHH, Bacillus
licheniformis®} W58k H 2 oA 4S8 YERY AT 80Tl A 80%9] gk o]
FHESE Ao® Hol HluA He LA S48 Kol Gt Ado] §-ste] 4k
Ao = A 7FA7F & Ao R ALEE T pH 5.0-7.0At0]ol A g9 &4
o] ¢Hgstslon, pH 5.004 A @4d& HIH(H4-2). °]= B. subtilis
NM-39¢ fAkeh ZAsE Jeblw, B subtidis WY4 (pH 6.0)%F B. subtilis
KU-1(pH 7.0)Et} s+-& pHelA HAH e &4& Bt
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-
2
=]

120

=
(=1
(=1

100 1

o0
f]

B0 A

A0 4

40 1

=
=]

20

Relalive activity (%)
[ o
[} o
Rolative activity (%)

o
[=]

30 40 S0 BD YO 80 90 30 40 50 60 YO B0 20

Temperature {°C) Temperature [°C)
120 120 1
100 1 100 1
-~ -
L3 2
A E 50
g™ 2
£ 5
£ 60 60
& 3
£ and 2 a1
= =}
& 20 & 4
a T T T T \ o T T T T T T T T 1
i 4 B 6 7 & 8 10 3 4 5 6 7 8 8 10 1
pH pH

] 50 mM citrate buffer (pH 6
sto] JEShs EAS SAHGAY. a4 g2
Cu2+ (102.9%)F Li+ (101%) &= A &Xo] Z7}sFH ). Zn2+, Ni2+, Mg2+ and

Ca2+ &4 Al o] A=At

o
2
fol

o B
Ll

L
N
=
QL
_& (03
—
o
Mz
o~
ol
o
@)
=2
>
[-‘E
oo

DA Bl Fa Mg SRE

A% mannanasei= glucomannan (100%)< 7142 H7lellS 49 Hd A4
H 901 galactomannan, starch, cellulose, chitosan, CMC, chitin ¥ xylan< Z}2}
86%, 65%, 60%, 58%, 54%, 53% X 51%= gluicomannan®.t} At A o2 o &
dE Reldh

HA 23S 7[4E HJ7Ee A5 2898 248 YHEATH (1 H4-3).

a4 Hbg £E5E2 glucomannans ©]-&38to] SAS Ay, Kme Vmaxgh2 747t

1.05 mg/ml¢} 714 U/mgQit}.
Bacillus circulans CGMCC 14162] MANB48< locust bean gum¥} guar gumoi A
ZY7y 100% 9 26%2] A4S Hel ¥HH| soluble starch¥ methylcelluloses= 3l 5}
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A E3skct. 719 B11¥ mannanase®t €8, ZY-039 mannanase: cellulosic
5 S Holx= ZoF Hol lignocellulosedt AF 2l o] 8-S

Z =
SAIANA s Ta% 9ES & AR AlRHEY

Relative activity (%)

Substrates

9 4-3. AA¥ mannnanase?] 7|2 EolA
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A6d 7] o]& WA AYS o] &7 HA

e
(2
kol
B
(e
lo
0%
£

L AT
D] o8 WA UL o] 3

o] et 7 2 FS AEsielth DAUL025, DAU10399‘r DAU1040, 1;; 2
8—8, Klebsiella sp. Sc % Paenibacillus sp. ZY—08% A¥H3}o] n

fz
e
4
I
[JO
>
0

2 Ao AR AlFo] WAL FAdEg . A7 aFERE dojA ALESA
ok Aol HAIS AEst A7|2 7S o] &35to] A& vl A-olA HAFRAF
]2 60C dry ovenollA 2A17F A% A3 Ax A7 s BH71E o]&ste] &

IIMAE o] gste] e el o AdE T 3¢ Wy

(1) NaOHE ©]&3 & 3] Wy

1% WA S gk LBujAl o & A&k %, 37C, 180rpmo. 2 7UIF wj <
atoint. 795 wjgdel FRTE Thste] 1112 A etal, 7] NaOHE HF 1%
7 = A Frreke] wakek thg, 25Tl A 6,000rpm 2 3083 P4 HEeladt).
zﬂe A s 1-8&3te] pH7E T4o] HEx: BASINOH 70% ol

Sol
29 JpA 9o AARS 95% e 38 AT 5 LAz vhEY

D}.

(2) =S o] &3 T 35 T

1%2] WA B 63k LBX o] & AE3 & 37C, 180rpmoZ 727} nlj ek
it 94 2 Eate] FAS AAT A5Ho] 3 volo 99% eSS 7}
F wukalgith. o] 2 47T, 6,000rpmel A 30% B¢k 94 Este] AAES 53
T 2t Azl

-
H anion exchange chromatography (HPAEC)E &3l #4313t A
g 2 2 mg AXo 2 M trifluoroacetic acid (TFA, T1647) (dH-.0
340 pl + TFA 60 uDE H7Fst 3, 100 CollA] 4A17F Eet 4t 7h8] Al Z T 44

o ] MA3] AFom HFHOZ SpeedVacoly 54 AXE &
A kds] AxAzY #HE AES dH0 100 well &aAIZT ol F 717 24

L
oY,
i
e
i1t
rlo
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& @R/ 2AGANATA (KBSD S AFEATY Feho|mnj o] o5}

D) WA % H7F v TeAE A=

Aol AdelA FEE #FE FToAA HEF Ed 5ol $-F3 DAUL025,

DAU10399 DAU1040 223l A2 B3 #5291 A8—8E Al&3te] 73T wjts}

ATh A8—89 Aol A vrEbzo] HA wiA|Ql M9 HiA|ol= 1.54%°] 3T4E&S

UeER = BlsiA s3] Ql LBUAE AME38ls AolAe & o =2 1.65%9]
E

3 3FES L}EMME}(TableG—l). o= FTHI Y AHOA B2 & T
Aairs Aiksto] HA E‘—m% = & Best= Aoz #F HojAr) 10g A
o] WA ES 2183198 w A8—89 A= 251%9 4SS UG O

=

™, DAU1025, DAU10399} DAU10402 Z+7}F 1.41, 1.629F 1.60%2] 3]5&S ey
Atk olElF AFse Rele dREo] ANehs AFRE axse 9N BE

asoln $44 o Plage] Pejz wF A5 =

LN
=] o = S 2=
XH o}—t— As #2 F 5 A3

ol O
\'(
Fr r
o

Table 6—1. HA &3} B2 459 uld & 7|54 AAAH 2 345

457 ) Bl L o D s B3%F (@) b))
A8-8 M9 100 g/1 1.080 1.54
A8-8 LB 100 g/l 1.160 1.65
A8-8 LB 10 g/100 ml 0.176 2.51
DAU1025 LB 10 g/100 ml 0.099 1.41
DAU1039 LB 10 g/100 ml 0.114 1.62
DAU1040 LB 10 g/100 ml 0.112 1.60

2) A Wstel] w2 Vs AdE A=
E3S quyxY 2 VAR AFste] B8 55 7L jar fermenterol vj%F

H Al wet 3eEE o] S SASIATHA™E6-1). 9] AP oS vA
3

A2 o1 87Vs SR Klebsiella sp. Sc& AFEaiTh. 27] 5LE Wdagon o

itk 200 mH & BHte] A@E o g F FEWel Fato] I5H IFEL 54

shedth WA Bwe 05 @7k W AT 27 WF HHe AN F o

0.121 go] Fol BFHNOY Aglo] FABFE G F5Fo] Frlstgon] Fr1E
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Reten(trlnoirrll) Time Peak Name H&l(gﬁlt %
5.30 Fucose 12.74 2.98
13.80 Galactose 41.59 22.42
14.77 Glucose 61.02 35.12
16.00 Mannose 37.38 23.54
16.50 Xylose 20.64 11.65

4) molg WA AdS o] &3 nAdE T A Ar
ujo]g Aol wMAle] Fites il =)
of mygA7E & w7bx] s ZHsiin. olE AlxY Fi #d aaxE Adtst
= Bacillus sp. A8—8, Klebsiella sp. Sc B Paenibacillus sp. ZY—083 & th<F
g gFE WG FA 13(W/V) o] nlE= AUk ojd), AREE X Hj L
247} elE o] 37CelA 180rpmo 2 o5 &<t wikd mjfie AREitt vl
b Al Falee A2 e 32 5ol Hes w253t ajFssith. o
2F 10~20% A= o] &7 Toll EAst=S st wide] gnd
, ol oAl SAClA fds] BF A A7IaL Z2H7IE olgstke] Zaskqlth

0% ol galo] PAARS ArhE D wEEe] AR B AgaAT
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M6 & AFNLntdolA 2T sief2t=sr|sd 2

LowAle] v ol gaele] WA WGP P B A
SR8 S B WAL MR R NS whef 2 Feh)
chepghel, 9E FYTl tis FolMAe Low, “elHA % AgEolMAe of
ook A1 WALES, A ASOINAS WA A oF 6.5% B AN

wAEGT w3 sgon, ol AgolmMAe v o] §AAL ol gl AFwE
Folub oo ARE NTT & glo] AFoIMA R Aol vol§AAL o]
RIS AFEE B 5 glo] Bk A5Fel 27 leld & qlvk

2. AMFeImAleY 7]5dd #e

o 7 YAyt ol - (Basidiomycoting), TEWA 5 (Aga
ricales), “=EF]WMA I ( Pleurotaceae), =€}l WA & (Pleurotus)dl 8= 2]-&HA
o] th(Hilber, 1989)A1&0] WAle] st oﬂ?oﬂﬂb 2ol A, WEEF3t, 719
W Z FEgdE 5o BAggion oA HEPY, F-712 59 ook} =

=

gl lagt!

53k 8 o}y gl (Pamela &, 1999)J_§}°4X1]9]r fé?:}ﬂﬁ 59 (Guillen 5, 2000) <&
a7 9= Ao & B3 (Guillen &, 2000)H Ach. o] g AFolmAle] 8498
FEot 554 Zeo] JdH=E Tt 0}74‘/} AZAFom gttt AjFol Al 9
F717HAE =olAl Hol 571 A5l | Aot AztH.

ol frael wul AR EIE o 8
AQE vy B Bl Fed Afa A7} 58d $ago] glo]
fAe] W Z4S 5N NGERATE

2 %%5491-55 ELoWE‘r *‘01 A
GE=AAFH (Cumming 5, 1992). o]& 2] o] A

ANt Bl Aakdvh(1995, Jenkins 5, 1979). AEolwAle] 1] o] &-291S
sto] WX A 4 7eA AEe YR AMgE £ o] Auste RE &
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273 ARl g9 FFHE2HET LDL-FH2HE FEE AL
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2 WA ng FYAHES AL dHF FY2HES FHS
A1 71tk B a1 th(Hollenbach and Kligman, 1975). ©]¢} ko] xj&o]w]Al
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