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Studies on the processing of high quality feather
meal and development of keratinaceous protein
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SUMMARY

The object of the research is that keratinaceous material such as
poultry feathers are ground by physical methods and extracted by DMF(
dimethyl formamide ) as well as by enzyme processing methods to yield
high levels of digestible protein which is suitable for using as a feed or

food supplements for animals and humans, respectively.

1. Isolation and purification of keratinaceous protein

* Protein content and protein digestibility of feather meal by physical
processing method were determined. Optimal condition to improve
digestibility was at 130 ° C for 240 minutes by steam treatment after
grinding by ball mill.

» After the chemical treatment of DMF to grind poultry feathers, 4
protein fractions were isolated and purified.

* Degradation of keratinaceous protein was confirmed by SDS-high
density gel chromatography. Molecular weights of protein in raw feather
meal was measured as approximately 44,500 - 66,200 daltons. However,
molecular weights of keratinaceous protein by DMF treatment was
approximately 10,700-25,000 daltons.

* Pepsin digestibilities of feather meal was increased over 90 % by
physical treatment ( colloid mill, ball mill or autoclave for 360 minutes
). Pepsin digestibility of keratinaceous protein fraction 1 was improved
to 99 % by physical and chemical treatments, simultaneously.

* Double jacket cooker to control temperature and big stirrer in laboratory

scale ( 1 Kg of feather ) were used for isolation of keratinaceous



protein.

2. Amino acid digestibility of the fermented feather meal

* In vivo digestibility of amino aids were 94.58 % for casein protein, 93.61
9% for keratinaceous protein fraction 1, and 1549 % for raw feather
meal.

*»In vivo availability of amino acid of keratinaceous protein fraction was
similar value to amino acid digestibility of casein.

*In vivo digestibility of amino acid of the fermented feather meal was
evaluated as 83.67 2. Digestibility of amino acid were 71.70 % for
ground feather meal by ball meal 75.72 % for autoclaved feather meal,
and 96.78 % for casein. It was confirmed that amino acid digestibility

of feather meal was significantly improved by fermentation.

3. Possibility for using as dietary protein

* Diet food was formulated with rice, potatoes, and buckwheat powder as
main ingredients. Sensory evaluation was carried out in order to
optimize supplemental level of ground and fine feather meal to pastes.
Optimal level of ground feather meal was below 5 %.

In order to use ground feather meal instead of pork for making
sausages, 5% level of ground feather meal was acceptable in sensory
evaluation. However, it is necessary further research to improve the

quality of sausages.

4. Isolation of bacteria which had feather-degrading ability

« 360 strains of bacteria were isolated from feather waste and soils, and
tested for their feather-degrading ability. Among 50 strains which
showed good feather—degrading ability, 29 strains were finally selected

— 14—



for their excellent feather-degrading ability.

* Enhancing microbial digestibility of feathers upto the industrially
effective level: ' o k

Enrichment culturing was carried out for the selected 29 strains of
FDB, and strain FDB11-11 which exhibited the most ‘stable growth
pattern in the feather-enriched media was assessed for its optimal
growth conditions(pH7.0 at 45C)

Identification of the bacteria:

Selected 29 strains of FDB were identified as Alkaligenes spp. by b

iochemical and physiological tests asbwell as ‘morphological observation

with electron microscope.

Assessing the optimal condition of growth and activity production  of
feather-degrading bacteria(FDB):
The optimal condition of growth and production of keratinolytic activity

of FDB strain 11-11 was 45C in temperature, 1% in feather meal
content, and pH8.5.

Location of keratinolytic enzyme in the bacterial cell:

Upon SDS-PAGE of culture supernatants and its ammonium sulfate
precipitates confirmed that the enzyme was extracellularly secreted
protein, and that it was inducible by presence of feathers in the media.
The apparent molecular weight of the enzyme was calibrated between
21,000 and 31,000 dal. The enzymatic activity of the keratinase was
optimal at pHB8.0, 37C. There was active serine at the active site of the

enzyme.

Assessing the conditions for the activity production and feather mealt

Feather meal was produced by fermentation of feather waste with the
strain FDBI11-11 at 45C for 9 days, digestibility of the feather meal
was .':1ssessed7 The effects of concentration of the fermented feather

meal and sources of the feather meal including commercially available



ones on the production of enzyme activity of the strain FDB11-11 were

monitored.

Defining molecular characteristics of keratinolytic enzymes at the
industrial level:

Thermostability of partially purified keratinase from the strain FDB11-11
was remarkable; 30% of total activity survived 100C. It was stable
between pH 5.0 and 7.0, while 60% of activity remained at pH 8.0 to
9.0. The enzyme activity was stable in ethanol, while it was very

unstable in ethyl acetate.

Characterization of the genetic properties of the keratinolytic enzymes:

The genetic determinant of keratinase was located on the chromosomal
DNA. However, 5'~-CAACCGTTCCTTACGGCATTCCTC-3' which was
prepared from DNA sequence of keratinase from Bacillus licheniformis
did not produce any detectable DNA on PCR.

5. Development of industrial procedures to digest feather wastes:
In order to develope the optimal starter cultures for the industrial uses,
‘combinatorially mixed cultures of the strain FDB11-11 with the strain
FDB21-6, FDB24-1, and FDB26-1 were prepared and tested for their
feather digestibility. The best result in fermentébility was obtained by
the mixed starter culture of FDB11-11 with FDB26-1.

6. These research results will be immediately applied in the industrial
fields as follws:

« Keratinaceous protein of feather is very low in vivo digestibility. The
concept of dietary protein is very similar to dietary fiber and feather
meal ground by ball mill is possibility to use for dietary protein. It is

very seldom to find out the references for using of dietary protein

—16—



through the processing of feather around the world. It is necessary to
study the dietary protein in the future as well as to establish the
concept of the dietary protein.

development of biological reagents to ferment mixed waste of feather
and other products,

develpment of microbial fertilizer,

development of biological converter of feather into easily digestible

feed.
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Zuud FFo] 85%0l4 HEE REF TBH uwIL B
3% # guE A% AVIEE FEUTHE WA 2 o AR g9k 2
Sz gzEc 3y $E @R 85-00%E ARRos T4 glu
E3] ojmate] #F#o] o]Folx A @ol methionine, lysine, histidine,
tryptophan $0] &3 che AT, $2 SR e 238 o|g&c] F8 ol
ol@el AlRH 7tAE FWolmaAE g9lo] 1 Uk $E A T2E
¥ B- helix® P WEOETE £ A o5 458 e
84sn o5& thAl di-sulfide bondel 98t M2 AgHe] Ao 2
o] mjn 7] WEe] 23, HAPoz FFHol BEH 2slTelA
40 g3 44 BHEA ged. a8y $2E 142 °C- 153 °C (40-69
psl A 30-60 7+ 7. 7FE & AIE  hydrogen bondE £  disulfide

bond £ €A B vz xdd Heol=2 HY o] F¢ SR gL

YA 7} F71eA He gude o) &AE FUIEA He Rolw. FEE
o Az wyol $E @AY ojfAdd A JFE 2YE uad 2
BurgosS (1974)& J}E5AE, §E, $EES ol &334 1 o] &40
g 978 F8 $EES AxFe UM batch Hol A continuous

WA ghe] $Ee} W Ee RIS AFF Aol WA AT Any
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Hlaske Ao $EEY Az e 4t A HFe) 7k sbE A
Huo gL E9AQ Welgtn Ha, BAlgd $REL g o8
Aol 4%7kA] AR E JEaFdes vErdA @sitn Bmago. FHdA A
FEE Y% 992 S92 FFEE AL AF A2t o0 A9 yR
9 FAe B AAsdey, steidig $EES Fosd A3 gas
G ANAT 6578 AF 7IZF HARE A9 it sisEEE =
o] lysine, methionine, tryptophan, histidine & #7}s] &9 < A&
of ¥ ©idFETE 1 "ol oy A AdEATn ok A

E gde 2888 77% dov $EE d9dl 43EL 80% A= 4

%

e

O3 ®B3a3 ot (McCasland ¢ Richardson, 1966). Moran® (1966)& tu]5u}
I SEEE Holy AR FH vl FYoF o FAHFT AS 308

121 °C oA 7FE A28 Aoy sodium sulfide & @ $REL Yol

-

it

AAAFA Ego $2E 1847 121 °C oA autoclavingd A&
otzle] AA4HA LK JMASH. -?-5‘-5':% WA E S Ao giFd o

el 5% HAE AEHE Foy, $EEL A% olnm AL methionine,

ol

lysine, tryptophan S°l2ti 231t  Morris$} Balloun(1971)& 40 psi 9
A 308D AYT $EER 60T N SEEY AR AAE H£H
31, 50 psidlA 6087 M FEES 22 dH¥HoA 3087 Ay $EE
Bt AMR7ERIZF o] 43 h Naberd (1961) 2 Wolzle] Algod] glolA
F 99E 6% Ml FEREoZ fiXHE ofFY Foisl YEhuA &k
on | FAE ©E 9 30%E AT A$-olE lysine®d methionined 7}
3 Folob dtn FEHNAHY 50%°]4E AT H$dde  tryptophan,
histidine 7}X = 7ls) Fojotgittn B gt o] FH(1970)S 2 S 25psi
A 2zt 308, 60%, 90&, 12087 AHHE W pepsind & AEEEE



AN A4E FAHAAT 2 A T dald 10%e $SEES T4
2 o Bolg AFEL dxTo vlHA FojRoYy 5% WA FE gE
e $EEOE YXFAR o} Fd Aot AU F, 25 psidlH 247 o
& 7t FAAY $REo 44" 4 Aoz Ragr. Wessels(1972)
T AZHA 2R D2¥de] v #FF 7oA olzest $EE)
methionine, lysine, histidine € R3] 8 AA 23 go] Folxz
tryptophane H7FE obFd F7t AFH7L QA ol2HEY $REL o}
s FtUtt 28 Bt} lysine, methionine, histidine® RA7}s] Folx
o] &40 "oz RuFch

2. FEEY %4 TF
FEEL 99 §Fo] 76-87%2 9¥A FFL 2oy tE FEAH @
WA Alsd vlAAMA R 2HF9 HERALEY FFe A9 gtk Ca #

Pol & Z+zt HI 059%, 038%=% FF o] ul¢ oo iz A=
d gl F 3 Fo] o}n|:=itF cysting Fo] 3] E3 threonine, arginine
FE ¥& Holu methionine, lysine, histidine ¥ tryptophan ¥ o] v},

Woodgate$} Vreeburg (1996)= EAA TS S RES LA o]L&4 Tyl
€ AANAY. E4AEE 50 °CollA 6087 AANEAN F 2087 125 °C
(25 psi)oll Al autoclaved th2-o] 100 °ColA ARANAT. & HE 194 B
cHket Zo] pepsin £5E&2 UWSREO] T32%2 FAANF SFEE

66.8% R EA FARATL, oWt 45L& WUIZ TAXEF $EE
85%, AWt FEEo] 67%E ELAT A 24 FAHA EES F4d HA
428 FFY EA J&& AFAU
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Table 1. Comparison of nutrients availability between general with enzyme

treated feather mael

Ttems General Enzyme treated
feather meal feather meal
C. protein(%) 85.0 84.4
Pepsin digestibility (%) 73.2 66.8
Total amino acid 67.0 85.0
digestibility (%6)

o5 ICIZALY] Cherry$ (1976)& 22 RE 24539 guag B
& Wt Dimethyl formamideZ ©¥AL 23 Wid wuwd &g

96%ZE =1 olu|:A RAE 48 (X2).

Table 2. Amino acid composition of feather protein on extracted by

chemical treatment

Amino acid Composition Amino acid Composition
(per wt.%) (per wt.9%)
Asp. 521 Met. 0.59
Thr. 4,16 Iso. 441
Ser. 14.82 Leu. 7.03
Glu. 8.03 Tyr. 343
Pro. 8.70 Phe. 7.52
Gly. 542 His. 1.86
Ala, 3.70 Lys. 134
Cys. 7.13 NH4 1.39
Val. 7.78 Arg. 721
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3. $EEe ARH 7%
AFVFATDE #2492 Poleld @ $EEe H2H 71AE 97|

A8 SEEoZ YU YT 2%t 4% WA s AFAYE A

p

o

A%, AFEL FERLEAN JALE 2% 4% YA HE 2T HK3
FAE A1, dAFH 2% HAAE 6% AFFLE ARG FgH L
gt sHY. 2y AFREEEL $FE ARETAA @A AR F
gHoz Hol U 4% U T 2% AEE $EEOE WA 4 U
' Rolth. &8 Gerry® Smith(1954)E 7lgAtsd $EESZ O 25%,
5%, 10% 9 W5uE dgAsddR] @ 225%, 5% E& diAsdx @
25%9] thFe3 25%9 oiE g dXHdA @ BT 5% ¢ & 5%E
o] tixEtHA] ztel] HWolel o FA&olY AlRE & ofFd ¥ UN:

, 2E I AYA AR FEEE AMEIHE AdEolY AEL TS ofF ™

i

dgol Qiithn By Harms$ Goff(1957)€ FAFYE FEEo] 1
A 4L A7 23 $2EL UGFE &+ 3t oA &5, dFd,
gy I didE FAANEY SEES FtEE AT FEeEe

g 4 oz HAx $EES 5% AR AVtste Aol AAHA d¥e
Ay ottty Rago. Lillies(1956) = Hold] Algd] $EELER
g UIXNY 4 gin UGFHEez ¥ Hold 3. McKerns$
Rittersporn (1958)¢l 9l3ld B=2dsl Alse Fudde 26% 7HAE $E

Fog g4 gl Budth Moran(1966b)5 2 R & 4713 o=

>

A} Z, methionine, lysine, histidine, tryptophan & E 33 FoUH $EE
Aol HF vl @Az ZolAtE AE doldith. B AsEE olg of

HwAle HEE RO o ALRA X7t S4HA 23 121CAM 08T

o

autoclave® Aoju sodium sulfide A E A= $5 @ o]&o =F
=2

& Fx gskonu 121TAA 1842 7ist Agd $RES ARF M=
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A FAEGE RAoltt, Moran@ Summers(1969)= $REF EFR0 Rz
olgell distey AlRZH 71A7F ¥ AL lysined} methionined] o] R =
7] dEoleta 39t Naber®t Morgan(1955)& 7| ZA 8] &2 % 5%2

A7 A9y Hotge] FAS AR &Aol FelL RS SRR
4% cyanocobalamine®] FFA¢l7] wW&olgl stk ¥HEXHF(1970)L 3
obg] Atgol ARG 12%] Y ARE A o, $EE, AE (A8 @
29 30% WA g AFA ARELNAH $EE UXFI dEF
Hlgte] st RI AR 50% AT e ZAE Wodxn 2Zayd
o]FH1I2)E F2d AMEF FEEY dF G AR ovxd B
oY, A5 ol§A2 &S HAE}] A%t A&, SFFAEY YR dseo=
8%9 FEES FdPou e FAAE Aole BA R¥Yn $EE 16%
A7MAE AZECl A BoHdn Aok oluit EFY AME(LEER
16%)€ 3 2 9 A2 HHTF 2 99d Aghgo] Ao, A
ot ;= 4FQl lysine™ methionineS 2% 93 old AL glolAz Y=
T AAT FAS AHAE QY B2 AR AZFe "E ofw
=4kol FFH & Aol RE2UY AR HAx 25%9] $EEE
24 #4202 A8E 4 Uk (Romoser, 1955) 28 ADHE A2 A9
FEEY AHEEFE diFHold 24 vEe tda BolAA g dgoln|n
S TES FREtn JE nTHE AlgY Aede 42FY dFuoly
SEE FEELEZ gAHE  oFY  dFo]  AJtHSibbald, 1962).
Ful, SRE o Q& ofnxitey o]§ELS
AT 23 $REC EoJE ot o]&A4 L oo fFute
B} 433 @o]H i 53] histidine(0.0%), lysine(5.3%)¢] ©] &4 ¢
olx SEEQ FUY7tE A FHE YUAY RelFHx: 3ok StephensT

(1959)¢ #2de AR Woobuleyl, v, WEd, w9, dux +7
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2 o Z2A 39 ANEFE ZF o 62%F ¥ AgAEd HE $EES
AR Bggol AY el ok $EE &0 4F2 AR 5ol
A7l HEolgt UL, etherZ F&F $EES FgTL 79 AFgo o
zZ7 B2t 8dn Bagc Sullivan®} Stephenson(1957)0ll 2l&t@ o}
2 AtgolA 5% UFHE FEECZ dAHE AP YA ofFH 4
o] AT AT ool 20%T FHE ABAA lkgd $EEFH lkgo &
Fr2A 2kegd dFHE giXste Aoz ARY $EE HES 1.0%
HH 75% 7R F/AARAEU 145738 AFZAFA wayd $RECR OF
g AT | 5%TEAAE olFd YL FA ¥k 75%AME 4
A AFAE @l dowth o8 SREY ALY A oA
£ 15psid] F71¢e 2 2083 At Aol EAHoIRT Bpsie] UYL
2 1IN A 24 Aol /17 FXHI RaFPY. TsangF( 1963)°]
T €% §F udd FToE2 UE H2de ARCAM B kgd Seee
41kge] FEELE T0kgol HlF93 bkgd FEAH FAE Il 2 A8
AMEAEE & AF, FEUY AR dA o] 20% d WHE $EES
4% 7tA, 242 Aae @A ko] 22-26% € W 8% 7AA A7
7bestttn B ugvh Baker$(1981) 2% Agd $R2ES wRZA 25
Hlgh ZRE oA WolgolA FA® A, $REwos wuILE FoH
& 7% AT olm =42  methionine, lysine, histidine ¥ tryptophang
ANE A9 S55- g5 HAFAEe] 98d 2 7%E 10% A" = 3
o, methionine® lysine& A7FAdE FAEo] & Faglel 40%E X

tjo

ml

b,

& 4 i Fh. Thomas ¢ Beeson(1977)0] 7|2AIE 4 BEFARE 7
st EA ot tFuE 32% U $REFD A REEY AE, o
yxl, A4 ol4&% A AEDN AYA L8 FAR AFE Y
glon BFe Aix wd%e difdTst Az A2LdEE dFETL
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Hr

==

A GEtou 239 A4 WAZR B0 GEUcl BE, gy o
e gFeTsh 24 3ARG AR olft SEROY 2uRe ¥
of GhFute] uste] g BTt AT A EH A $=

U EUdEE bypass Gl @ FF Lol 2 F glo} olujxir FAjo] gk

b
ot
o

Moo &
2

5% Ho] =X golA methionine, lysine 59 o}v]x=4e] A7 o FH G,
WrayS(1979) S45AAAE Sdotxle] 2R FauA
ANEE SRR BURe gTue 50% ¥ 100%2 WANE 9 4D
AY, AREE A2AAF L 2D QA AT B4R RARQ A
o8 Holx Wgthy BIPG EF ANEE FholxolA $REH mu
& WEure 25% 2 50%2 ARG WE 2AL AeuAL 24 3l

e

Ne £AAQ Aolg HolA ggtort ARRTFEE YR FAT ]
@ ymoz ok

Williams5(1991)2 ¥ & $-Z & (Bacillus licheniformis® d&)e] Alg A

2

ld

g FEUY SANN ZAYEY AR Bwde 25%E $EEoz
AYh WAHALE $RETY g 57

—

A HEgSEET E autoclave
SEETN B 247 69 %9 19.3%9 FA ARE Ygdoy ¥y
A diFE FAT HHAE 64%Y Fe FAEAE 2gn. £ 3%
6% LEFEE FA9A AHFAFAME  methionine, lysine, histidined 2 ¢
Al R FY9E FA EFE JYElWd, autoclaved $EE FATE
HE FEET HAME FFo] ALFEAT BF $EEFI HHAE &
gHeg @2 FAARE HYoh oANPSE Tl A dE SRR
5ol ¥4 9uA As2AY sMEAS vehd.
Papadopoulos5-(1985)2 7H&4E 2 ste] Add S2Ee HAU of

)

A4t 23&E HelE] Hold 3 2nPHE 3). =, autoclave AL

30, 50, 702 A =& AI autoclaved ] Aol 04% NaOH g A, 04%
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gl d B3 5 A (Maxatase, 330,000 Delft units/g) 28 AL v}

Hr

Table 3. Pepsin digestibility of feather meal with various treatments

(%)

. . 30min+ | 70min+ | 30min+ 70min+

A, A 301p1n 50m1n 70min NaOH NaOH enzyme | enzyme
Thr. 63.5 61.3 59.0 60.7 52.8 65.9 56.2
Cys. 52.3 44.7 51.8 48.2 38.1 52.4 35.5
Val. 74.4 73.6 73.3 74.7 67.3 1 77.2 68.1
Met. 55.4 47.0 51.3 56.8 45.5 59.1 45.7
Iso 79.8 | 79.1 | 78.5 | 79.9 | 73.2 | 82.4 | 76.2
Leu 70.5 70.8 | 72.8 71.0 | 67.2 74.0 69.6
Tyr. 67.6 64.7 64.5 63.5 57.3 68.1 61.4
Phe, 76.2 76.5 75.1 74.6 67.8 79.3 71.4
Lys. 42.7 32.6 30.3 39.7 22.5 44.2 26.6
His 41.1 38.6 35.6 41.9 26.7 47.3 32.9
Arg. 75.9 75.3 72.7 73.7 67.6 79.6 70.9
Asp. 40.8 36.4 33.0 42.0 29.7 44.6 30.0
Ser. 70.0 68.3 68.5 65.7 61.4 | 73.6 66.5
Glu, 63.2 58.2 60.2 61.7 53.9 64.8 56.7
Pro 63.6 58.4 58.5 62.1 50.8 67.3 50.1
Ala, 62.9 68.6 68.6 68.5 60.5 73.9 65.3
Mean | 62.9°|59.6™ | 59.6° | 61.5™ | 52.6° | 65.9° | 55.2%
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Luong¥ Payne(1977)& 7lR8) A7 $228 MeAA g 7% A7t
8o A AlYA]  methionine, lysine, ¥ tryptophan £Z 02 Alg@&o] A3
o, olF obFlmAlE AP BEY VBANYANE dzTY KAD 47
€ d¥vn BaF.

4, $RES #F

Williamss (1990)2 & &3] #F& =2 2#7)FoA 2, £4 2
O BE4E Rudd. a4 Hd EEAY trypsin,
pepsin, papain¥ Z-2 9¥d R Fio o3 B g ey =4

ol g 237t dojdti: B3rt ded Aspergillu species(Koh =

lo,
A3
kD
au
o
e
e
u\

1958), Cytonomyces(Sen Gupta %, 1950), Streptomyces (Noval, 1959),
Bacillus species(Molyneaux, 1959)7¢] 2% £3)7} B3us] {1t} Williams
%‘(1990)“’1 8§ TFT Bacillus licheniformis PWD-12.2 W3 =1 o
T F £ endo-spore forming, motile, rod-shaped bacterium®]™ gram stain
variable, catalase positivest®™ , & 43 7L 45-50 °C, pH 7.5 279
A & A, AEn R AR A E internal crystale Bgon, HyAHR
€ 1% $+R27121A4 50 °C, 5Y MFA miF 10° cells & YEIYD 25

AL 2 A v & 1200AE 1092 #& o 50 °ColAd 6 wlgAIH
o] 283t} Lin $(1992)2 $ 2 &S #3F Bacillus lichniformis PWD-1¢]

l

WA Z BE keratinase 4 E Eadch FAY AT o]AE monomeric
°]i ¥A#F& 33k Daltonol™ 3 pHE 75 HF ple 7254t Fa:
-20Col A ¢BPen, 713 & gz

u,

THELEGE g7 B4t A
Aoz $8 BHass AL} /15 Roz 2ag
Shih(1993)= $-E&9 Zad #8 Q8 RBaMoNAM  Bacillus

licheniformis PWD-1 o] & #3]o] &3 2olx o] 73 o7|x &% &
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a7t BF AEF $EY 258 3 fHoz sdunn gt

A 3 A FY 22 (Feather meal)?] A433 2
AL&-4H

Table 4. Manufactures state of feather meal in Korea

unit : co.
‘82 '85 88 91 94
Feather meal 8 10 13 9 13
Bone meal 6 1 3 3 4

U $EE AzA AHE 92 27 4R SAIANA '9ad
e 13AGAZ EAUYT Ak FAH0IY. oJARL $EES o8 T 713
AEE BolHT QT AVEOINE RS AYHE AA ArNE A ¥E
2 AYRAE Bo) A502 AR/ 4P Aoz ARt

Ty $REe GEA 41 AZYAY SHE ¥nd gex 2o,



1) A=3A

Raw material collection

i
Autoclave : 150min/130 - 140C
i
Drying : Steam = 40 - 60min
l
Grinding
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autoclave ¥ : =883 ok 50%

steam ¥ : $EFE 8 - 9%



¥ £ 19 4 F ox
F4 0 A FH Y (T, 0417-555-9977)
CEE ] e HE 2AY 2 2 A4

. A L 1008/4(3008/€ 43)

(1) AzEA 2 §4
Raw material collection Lolg ' %A AE
3 CEBEA MY/l &
Separation . gAd -’F-‘?’-’?:}E&
! autoclave ¥ ! FEEF °F 20%
Autoclave : 180min/130 - 140C steam ¥ : -’?L?:}%* 10% W%t
4
Drying : Steam = 40 - 60min
i
Grinding
l
Screening
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A& AT AE=AD € 2 A

A A 109, 15E/Y

o

2 &4

P ESE:
Log B % A AR

Raw material collection

38 A Y&

{
Separation UG A - 7kt cooking &
! TAE - A gasH I oIFE o
Autoclave : 60min/130 - 140C . $% : . d2d] £2% 3 gL
i
Drying : Steam = 40 - 60min
d (steam?] DiscdZ7])

Grinding : Hammer mill ©]&
1

Screening

— 4] —



¥ (F) 3 @ %
L FA AR gAA] B A(T. 0653-862-2542)
CEEogns] A8 9% A Ads Y, AEEA 2 $E A4

AR L 30Rk /Y, 1408/, FEEASAF 6,258E/95

1) AzxFA 2 §4
Raw material collection .ol8 ' 9 A As
! C5EA AE gl S
Separation . FUGA - 7FSE cooking ¥
i AR ¢ A gasHE7F ofF o
Autoclave @ 60min/130 - 140C . A &¥E=xA
! $EE 1 58% ol @A
Drying : Steam S8 55% o] 4,
l (steam?] Discd%x7])
Grinding : Hammer mill °]&
!
Screening
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Table 5. Yearly production amounts of feather and bone meal

unit : ton

‘82 ‘85 ‘88 ‘91 ‘04
Feather meal 1,359 749 2,667 2,921 11,870
Bone meal 255 42 1,495 10,780 10,095

Table 6. Production and marketing situaton of feather and bone meal

unit : ton
Production amounts Sales amounts
‘93 ‘94 In/De(%) ‘03 '94 In/De(%)

Feather meal 8977 11870 3223 1 7179 11,950 66.46 1
Bone meal 10,807 10,095 659 | 10913 9,068 17.00}

dA 'UAEAE 11870 Eo2 ¢ 10vf o)A =71E g}
£ 3td $RE AL o 2% FUME YT I #A9FE 93d = Y
& oF 66%7F F7HE 9. wEld $REQ ol&&EL md
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H2F saige duE =N

A14 AN e

U 29 AUFLE QL 3UAEC Zetm o $RE 2ddd ¢
Fol o 8BB%E ofF Fol 1 ;Y HIAF F &, I, %o] AR Yu=
AT o a8y dAAE A0 He L G FE 9B T
Adez HIEHT gon oA o) LEL 27 - 63%F olF RH(Moran
5, 1966 ; Morris and Balloun, 1973). $2& A#4 9¥92 9 keratine =
T AEN v (Harrap and Woods, 1964), 1 F+& & P-helix& A4 5= 9
gol= A% Aguve FBE £228L 48T o5 A disulfide
bonddl &8t} AojE} o] me Q7] Wi |, g¥Hez gAY
HE stz 3o LstEad o8 4A &7t o]@H(Schor and Krimm,
1961; Moran %, 1966). & &4 3stellA AidE $EELS & guzd 3
% cysteine F 5313 ©(Paradopoulos, 1984) A& oA ofn| =4t o] &8
o] sto} AR olm Ai(lysine, methionine, tryptophan, histidine)& %3
Hopt dFdtd FALE FF 7HX7E At (Naber 5, 1961). 7heEad $2
#9°] lysine, methionine, tryptophan, histidineg #7713 W 2 A A Lo
A @¥dFEgE 9t o] oy AP AMHJGT #h AR
g9 AY A58 7.7% Joy $EF A 4235828 80% AE FYun
B3P H(McCasland ¢ Richardson, 1966). Moran$-(1966)& W53 $=
S Wolg Al 8 9¥d FYo2 3 FHF A$ 30837 121Col
A 7HEAE T Aoy sodium sulfide 2 AP $EELS HolgdE AHA
717 ZBoy $E2E 18A% 121T A autoclavd R Holalel FA3

o H8e JHAGY SREL GAARS Ao gEu gald] 5% AE A}
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£ Fou4, %E.—F.’—?J A g ofn x4t methionine, lysine, tryptophan %
olgtx E ot Morris¢t Balloun(1971)€ 40 psi oA 3083 Agdg =
B3 608 M SRR AIRE 7 E "%, 50 DSi°ﬂ’~1 60-'?'-21' f‘i
A% SRELS TL YA DB AR $EREG A=A} o &
g}

S5 7+E3wL  autoclave ‘hydrolysis, 3384 A 2(sodium sulfide,
thioglycol ate) ¥ &2 X @ (trypsin, pepsin, papain)%°] UtHGeiger 5,
1941), $2 & 323¢e 2 A8 hydrogen bondy disulfide bond’t 4
A Fdsol Hwd 7+ad feloj=2 @vi(Papadopoulos &, 1985). HZ
e vAEZ By BEHEHE keratinase#h= & A7) collagen, elastin 23] 1
T2 kerating& £33 F 3ol o] E4E AR FHJERE AT | SRR
o] A€ol ZA F7HHENATRIT FrH(Shih, 1993). 2 AXFLE A&
Dimethylformamide(DMF)& AH8-3tE 883 WEE dFdgz Jo
(Cherry, 1975). Woodgate®} Vreeburg (1996)= ZAA S SEEo G424
o] & H/E AANAY EAAFE 0CAAN 608 EAANEAZD F 208

3F 125C(25 psi)oll Al LEAHPES thgd 100CH A ARAZHT oF & 1]
oA BEutel Zo] pepsin &3-S NS EEO] 732%2 AT $E
¥ 668% 2tk A SAFAT, ofrjdt 252 W2 ALXITE R

& 2

Fol 85%; dut $EEo] 67%2 EAHT A A M $EEY FLd
FAA3E FHEA A d2 AF AL
$EE 205Ce oA 71F8E kerating TASE AAEAES ¢A3
N A1717) @2l sulfur FFol wobA 8ol EolAA ErH(Menefee
and Yee, 1965 ; Menefee, 1965). L&y} 206CeteE L& AT A 4y
ZF2 wAE o E&Folx Ry Wi HA 218 oA FHAT

gty 2 d7e 293 2 53 A 3 $EE9 &58E FI

e
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AL & Y 24e BAste ol §80] R £ FA Fabd 1 B o]

A

A 23 As L 9y

1. Ay
7t Alg 4

AR P A54S vE BASEY £9% E A¥ 8" AaE 29
Aok A=A —.—)gzﬂoﬂlﬂ A ARY B2 A9 chopping --> colloid
mill(grind size 30, 60, 80) --> ball mille] @AEZ Bt 4 44
AN2E Y84 retortol A 1107, 120TC, 130T 8 2EZXFALZ 6AI7MA 1

A RAeE &% NBE Ul

Algel AW E 42 AOAC(1980)e <& B4ttt olw whuiadt
& Kjeldahl(tecator, Sweden)E& AM238l 1, A4HEaEe Soxhlet(DoSung
Co., Korea)@A & Ah&3te] Mttt s E-E 33 Z(Fisher Scientific)&
o] &8 H 1 FE-L 105T ovend AME3t QAT

L ojuiegbs) v gREF 4

FEE R 533 e s 28 AEEH DA opnjxit B4
2 Heinrikson# Meredith(1984)¢] Pico-Tag Amino acid ¥45H & A1-&3}
At old 71712 =L 1% 2
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Table 1. Conditions. of HPLC for amino acid analysis

Item Condition

Instrument Waters : injector, pump,
gradient controller, integrator
absorbance detector

Column Waters PICO-Tag column(3.9mm x 150mm, 4« m)
Wavelengths 254nm

Temp. 40C

Chart speed 1.0cm/min

Mobile phase A : 0.14M sodium acetate trihydrate
~ ‘ 0.05% triethylamine '
pH 6.4 with phosphoric acid
11 HPLC grade water
B : 60% acetonitrile

HEFEEE 4L #=Z2F% EF=2v WEEXUACP: Inductively
Coupled Plasma Spectrophotometer, model J Y 38 plus., Jobin Yvon Co.,
France)& ©l &3t 4o Alge d ANy IHELE 1D a7sd
0E% 2. A8 2g& A EolA 100ml9] Kjeldahl flaske]l ¥3 2
& A 100ml 7hste] ZhRAAFIL 7)o 1§ AN smiE HAE F
st 7188 ¢Ad SMERAAAL. AR F2Y ASE 3R

42 443 A4% g& ICPol £, EAaY.

o d9d A3E

FEF ALE AAT N2E FHIY dWE FFE kjeldahlS AHE-3td
BdA:, FUYANEE  04-05g8 39  AOACI995)°]  pepsin
digestibility 3% ©]839 02%9] pepsin §4& 150ml 718t 45C
shaking water batho]A 16A13t W3R ch. wwkF AAEo] Ad w7t

e
oX
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A EHH D7t T (whatman Nod)d & Saxs} A&2 €7 60C ovendl

2% ¥ kjedahlE AH&3te] dol e S¥ldg EA 3l ofglol Aihy
Hol oA pepsin 23582 ANHY) Pepsin A Ags oy Sne
AAG 2L =AM ATt

pepsin ] & A pepsin A &%
protein®#(%) - protein® (%)

Pepsin £3}-8(%) = x 100
pepsin X 2] A protein 3 (%)

2. Keratin @ Ao £3] A

At gjde] 5 ¢ 2HE 9sld 9rE $3 xillia‘h. 55CelA 3
9 ZA=3 o chopper(Chopper, Seydelman ; Germany), colloid mill(Super
mass colloider, KASUGA E.W. Ltd. Japan) ¥ ball mill(made in Korea)Z
24 BAE AA AzE HRAY. %Y Ao T 29 13 2o
Cherry §(1975)°] @3¢l DMF (N N-dimethylforamide)& *}%5‘}9\15’— 4
d T $Ege wig vg g B Azte 2AEIEen 28 AL AE

gtod =84 dWA(protein D), ¥l+8A DA A (protein 1), MeChol 23 =

H(protein I) ¥ EDTAS} E2 EX(protein IV)3ld Z+ FA3d B o}
€ FEE d9dy &, 99d 39 pepsind &S AP 2

HHE FU BAE AMEE 4 IAE B $EE 25q4 Jd ¥ 5%
Fel 208 € A/ & 2=7F 98T HA hot platE A s

-}
2
i
i}
>
fal

SEEE £ A AN Cherrys, 1977 : Williams, 1976). &
gho] ¢ & =AL LAY HE whatman No. 42 75 Ao wxstd

gel2 BAANZT. FAHE gele] FHo 39 o] FFSFE HAE 527
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Ak A4 E 3t DMFE AH3 At ol 22 #AFE 3 oY BEFR
whatman No. 5412 g#35 £ 52 AZAA protein I, FZ2ZAZF A acetone
o2 AAFAAHL sl evaporationdt¥ protein II, protein I MeCLE 4
HEF acetonel® Al A HE evaporationdts protein IIE AU 282
protein M $F&%AAM 01mM EDTAEZ %4, acetonlZ AHHF

evaporationdt ¢ protein IVE <} tl.

Raw feather(Keratious material)

DMF Treatment(N,N’-Dimethylformamide)

‘Keratin materials
1

H-2O precipitate MeCl; precipitate HzO precipitate

Lyophilization Acetone dry
Protein 1 Protein III Protein II

Dialysis of EDTA

(Versene)

Protein IV

Fig 1. Procedure of extraction on keratinous protein by chemical

method

oh, Ar]gEl A% £ 9¥d ¥4
4=, 294 Ao 9% =& % DMF o3 £3d 2Hd L AFA
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719 &3 X%l Phastsystem(Pharmacia, Biotech, Sweden)2 ©]&3le] B3}

@t ol® marker(Pharmacia, Sweden)$} standard keratin(Sigma)& +< 3}
of AMg3tRT & A¥d o]88 AV|9% AL ¥ 29 2o

Table 2. Conditions of electrophoresis for protein analysis

Destaining
items Condition Staining sol’'n
: sol’‘n
Seperation| Phast Gel(R) high density
method Phast Gel(R) gradient 8 - 25
‘ 1. 500V 10mA 3W 15C 1Vh
2. 500V 1mA 3% 15C 1vh
3. 500V 10mA 3W 15C 158Vh
Staining
: 0.2% Phast Gel|(30% Methanol
method 1. Fix 4min ‘
: Blue R Sol 'n(phast|+ 10% Acetic
2. Stain 8min
Gel Blue R 1llacid + D.W.)
3. Destain 23nin :
tablet + D.W, 80ml|= (3 : 1 : &)
4, Preservation 5min
; + methaol 120ml)|¥]&& =3
Molecular 270] wet 10-29)|218
ZAoj ulz -2u}| A
weight 1. MMW(94, 000-14, 000) ,
‘ ‘ E destain sol 'nE
marker 2. LMW(16,000-2,512)
A A8
3. BAAE

B AlEY 94 HA2 SAS(1983)E ©]f Duncan’s EHAA L AA

&
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A34d a9 42 a1

1. &%

pe!

] stetd AR 9 as8g

AL
it

Fueld AdsE 4= % $EEE 43, 3%
23 ¥ 3% 2,

ol
A
-:‘-l-‘
b
o
o
o
Ae
X

Table 3. Chemical composition of raw feather and feather meal

with companies unit : %

Protein Moisture Fat Ash

Raw feather | 83.32%+1.36 9.01+0.42 6.68%x0.46 0.59X0.16

Taehwa

(after dry)
Taehwa

(after mill)

75.37%1,21° 10.06+0.52" 9.14+0,74" 3,05%0,24%
78.54+0.57" 4,.04%+0.61% 11,16%0.29° 3.56%0,60™'
Fine Korea | 80.68%0.47% 11.69%0.25" 5.08%0.31° 2.46+0.16"

Harim 68.12%6.15° 7.491+0.44% 22.29+0.31% 4,26+0.68"

Fulgreen 72.85+0.64°Y 6.69+0.98" 16.23+0.22” 4.81+0,79"

Means with the same letters in the column are not significantly

different at 5% level.
4re dMtHE S BAE Z¥ dyAgtso] oF 83%, FEo] 9.0%, AW
o] 66% % 3 Eo| 059%F UEIGT, IAME R Ee oA FS 7225

- 80.68%< WHE Jehdz Ak FEFZFA dAHE oF 40 - 11.69%4|
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Mg GehhTh oW AFFE 508 - 2220%] WA xR wa
Azd $EE AYFFE Aol 2 dehich HAmecles] $REo|
waAgFol Y BA dehkom AFFFl AoidE AP A Yun
o EE AR $RE HRE 5% £E04 $A47 Yehdg. w9 2

HAArd 23 F3E A%t FE 2 AYE AAS A=Y SudRg @

ol 7w

&3HE2 E 494 Beuist o] HIAAF F ART & AF

o] 434 £3&2 51.92%F /M Wgen Azl 2 Eo] 7493%

Table 4. Protein content and pepsin digestibility of feather meal with

companies unit : %
Taehwa(Dry) Taehwa(Mill) FineKorea Harim Fulgreen

Protei

TORCIN | 85 93+4.44 89.10+1.39 93.9420.50 87.73+0.70 90, 45+5, 23
content

Ponsi

SPSIN ) 60.4141.72 64.504.21 79.76+0.60 80,7650 92 71.57+2. 45
digest.

True 51,92+ 57.47+ 74,93+ 70.85+ 64.75+
digest'. 2.68° 0.89% 0. 40% 0. 56" 3.74%

* ! True digest. : Protein content X Protein digest.

Means with the same letters in the row are not significantly
different at 5% level.

2 7 A deseh olgdd YAt KR (p<005)7H ARHAT.
A @MAFT L asted Aot FA4 L£E L Aol ge ol
g% 9
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Ay FER AXTHER 992 §F F 4580 A3 E B9 ¥ 59
249,

Table 5. Changes on protein content and pepsin digestibility of feather

“meal with processing conditions unit : %
Drying after Final
Raw feather After steam ying
‘ steam product

Protein content | 97,.8410.96 94.831+0.24 96,67%0.24 97.25%0,50

Pepsin digest. | 24.8410.21 82,30%+0.58 83.32%+0.18 83.83+%0.18

True digest'. |24.12+0.19" 75.29+0.07° 75.92+0.42% 76.58+1.80°

* 1 True digest. : Protein content X Protein digest.
Means with the same letters in the row are not significantly different at
5% level. '

SEE AZFTAY SHLYFE raw feathers] 33 XA T FH
o vlxeel AEA] YoM BRAFFE 97.25%2 HolYUch Pepsin &
& M= raw feather 24.83% 9ol =2 @ %4AD steam™ 3] F pepsin
2382 8230%2 F23 2748 5o Aol 9@ pepsin 25H&o] 2
2990, AAHQA 2580 JOINE pepsin 2889 AT} A 2
dg vtk 2y @AEE Az BAAE JoME 2sed Aot
At BEA A%ee TANTEH YAH AL MY 2o 290
Ba BeE

A% % B 9EBe olunit 2HE E 6% 2tk QY 3 opn
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H

B e T11Bmg% R o Z Hae $ERANE Hsle] $REo] 9
29 opmmit 243 FASRAT B At AFAME ARRTG ofrm
A 2ol AstE A |

Table 6. Amino acid cornposition’ of raw feather and feather meal with

| companies ‘ Uﬁit ' mg %/DM base
Amino acid [Raw feather | Taehwa FineKorea | Harim Fulgreen

ASD. 2,571 5, 441 1,374 1,311 1,399
Glu, 6,263 8,872 3,159 3,362 3,449
Ser. 8,953 7,922 4,101 6,292 7,032
Gly | 5,877 5454 | 3,635 5,741 5, 281
His. 1,387 1,470 1,706 409 1,345
Arg. 6,541 | 5,132 4,559 5012 | 6,303
Thr. 4,388 4,056 2,994 3,463 3,964
Ala, 4,681 4,809 4,162 3,854 4,792
Pro. 7,361 5,393 4,102 5, 401 6,799
Tyr. 325 578 174 400 508
Val. 10,415 6,657 4,952 8,059 10, 701
Met. 690 1,220 201 674 778
Cys. | 2,013 1,683 259 632 704
Ileu, 4,367 3,203 2,533 3,305 4,232
Leu. 7,300 6,163 4,672 5, 870 7,162
Phe. 2,693 2,820 658 2,085 3,187
Lys. 1,450 2,750 2,218 1,748 1,855
Total 77,175 73,623 | 45,458 57,618 | 69,491
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Table 7. Mineal composition of raw feather and feather meal with

' companies Unit : mg %/DM base
Mineral Raw Taehwa FineKorea Harim | Fulgreen
feather

Na 12.62 339. 89 344.35 244,32 267.42
P 4.94 477.80 618.26 300. 00 155. 29
Ca 165.51 544 87 655. 42 933.88 401. 54
Mg 22.15 48.35 46.80 38.09 45.76
Mn 0.39 1.83 0.98 0.86 1.15
Fe 22.58 80.09 70.37 15.19 37.91
Cu 0.63 0.99 1.73 1.18 0.51
K 7.59 316. 86 489.99 258.95 241,05
In 10.16 10.68 15.28 8.05 8.88
Ba 0.28 0.31 0.17 0.12 0.68

g8 SR nug §3L EAY® RAAAE Z AE EF raw

feather Bt} AFAA & #§FE JEMNAHE 7). NaT raw featherol A
SApd] F@Aglol
339.89mg%2] WHE BY, pdl YA E raw feathero]l 4.94mg% 1 ¥+

1262mg% <1 Aol feather mealdlX <= 244.32-
feather mealol A& 155.29-618.26mg% 2] WS E Yy 71350 Adizye
2 9% 24 eI 0SS 4 F U old 42 ca E kol oA

E fAE 23E EYFAC.
2. 293 By @ sEtdH @A =&

7 B zAd 2388 2A
Raw feather& £ 2}=7 (Chopping, Colloid 30, Colloid 60 2 Colloid 80)
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L2 EHE F NaE Azsd g¥zd € oA 2382 xASEY. 2
237 ¥ 8% #th

Chopping ¥t $-X 9] pepsin 2382 30%F 2™ colloid 80mesh® &4

$E2 pepsin 2382 A48%Hth oW 4AAY 25
of Wz} 5% fFrex7b AN 2946% - 11.58%9] WY ATt WA @
g AL BT & $EE 288 I3 2y

E 8iAM EHAEY o A28$L 7MgA2 A ¥ Nge Aoy
=HAEES} 7tdNgE BEFAA 284S HEG Ao ® 99 2o
old AHEE SEZUL 130TA 3ME 7I1Eo2 dANIAE . 2
A3 7tgel ot 28ge FUEAY EAAEC wgetEe 288
ol7F gl e8l8 7t £& 84 &8go] Zide A Fol Ve
st ok,

B
o

v
PO

Table 8. Protein content and pepsin digestibility of raw feather with

grinding conditions unit : %

item Chopping Colloid 30 Colloid 60 Colloid 80

Protein content | 97.84+0.96 94.83%0.23 96.67+0.24 97.25=+0.50

Pepsin digest. | 30.11£0.05 12,21+2,78 20.47*1.39 24.84%0.21

True digest'. |29.46%+0.29* 11.58+0.03* 19.79%0.05° 24.16%0.13"

' True digest. : Protein content X Protein digest.
Means with the same letters in the row are not significantly
different at 5% level.



Table 9. Changes on pepsin digestibility of feather with manufacturing

process and grinding conditions unit : %
item Chopping Colloid 30 Colloid 60 Colloid 80
Prot,
93.67+1.10 94.51+0.22 93.22+1.41 96.16%+0.24
content
Dry Prot
rot,
after | 86.03+0.29 82.55%+0.55 79.75%+1.41 80.57*1.12
digest,
steam, True
. 80.61+0.95" 78.01£0.18” 74.35+1.12% 77.48+0.19"
digest. ' :
Prot, .
91.94+1.83 92.92+0.01 92.54+0,30 92.55+0, 87
content
Only . [ Prot.
7)o 89.92+0.35 85.67+0.25 87.53%0.62 89.51%0.57
steam |digest.
True
. 82.67+£1.65 79.60+£0.09 81.00%0.26 82.86*0,76
digest.

# 1 True digest. : Protein content X Protein digest.

* P. content : Protein content, P. digest : Pepsin digestibility

Means with the same letters in the row are not significantly different at
5% level.

o exs} A7l BE Asg NUe 9% 27 E 104 2

Colloid 8008 E#& 110C steam HeTFolAe AZAHA &8 gl
60.77% - 7593%<] WHE JEen, 120CHITAME 7289% -
7391%¢ MY 130CHATFE 75.96% - 77.06%= steam HH2E7F 2
g 4% 2%4E Zrtee A%e denift =¥ G Ad o
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e SYLE ZANN Aol BE 2588 ke FFL AT 2ol
£ 9t ol¥ 23 Ball milz 24F Ao} Colloid 0RAE 2 =S
FAE AAQT. 130T, 120min AAF Rel AW 2s&AH 3 =A
Ueit @EH E 125 58 10CE nAsw A3A Ae oA
AR dstd 25388 24T AR L5 uAtw AYNTE Fo)
E Aol £34¢ Eolt AFE Rolvle AT CO A TFIME 1808
A H o) 7596% 71 RA Uses 2008 A Aol AP we
79.00967F 2= B BM A TAAE 602 AT Rl 7349%
2 7% 9A A%HYAT CO AYFS Tol A% AT Aol
8022%%) 488 A& RAFT Ytk 2 AUTF o] AAHE 5%l #9

2F7F

[+

AAHAT. 224 A PP Ao T 238 24 o= BM.2
THE St 130TAA 2408 dAste 3o dAxAolgn & 5+ gt

22 dE ol e BHZ2AE colloid 803 ball mill2 &3 Aoz 33 —"i‘—
FLRE 130CE nASAYG 2FATS 180%A 360877 2280k
I A E 1194 B ule}zo] colloid 8022 EH 31 130C steam X
T A AAFQA £st&o] 75.96% - 79.00%2 HHNE VeERoew, ball
mill2 $A% AYTSY YAHA AHEE 7483% - 8022%8] WA U
Sl
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Table 10. Protein content and pepsin digestibility of feather meal by

heating conditions unit © %
110C 120 130C
120min 180min | 120min 180min | 120min 180min
99 12% 98.46% [93.06% 93.65% |91.24% 91.63%
P. content
0.3 0.8 | 051 026 | 0.26 3.66
, 76.61%+ 61.71+ |78.33+ 78,92+ |84 45+ 82 89+
Co 80| P. digest.
0.15 0.2 | 028 039 | 0.78 0.45
p 75.93% 60.77% |72.89% 73.91+ |77.05% 75.96%
True digest.| o ogd) 0 519 | 0.40° 0.75% | 0.220 303
o | 99.94 67.33% [92.34% 93.31% [0.53% 89.74%
-comemtl o016 1.00 | 0.3 095 | 0.49 0.24
i | b divoge |72-63% S7.62% |77.62% 77.49% |84.84% 83.38%
- IESSE L 1o 124 | 007 098 | 016  0.12
o 72.59% 56 08% |71.67% 72.31% |76.80% 74.83%
True digest.1 o 139 0.58% | 0.289 0.74% | 0,42 0.20”

* Co 80 : Ground feather with colloid 80mesh,
* BM : Ground feather with ball mill

* ! True digest. : Protein content X Protein digest.
* P. content : Protein content, P. digest : Pepsin digestibility
Means with the same letters in the row are not significantly different at
5% level.
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Table 11-1. Protein content and pepsin  digestibility of feather meal

with temperaturer at 130°C unit : %

item 60min, 120min, 180min, 240min.

P.content | 92.14%0,26 91.24%0.26 91.63%3.66 90.67%0.60

Co 80[P. digest. | 83.421+0.77° 84.45+0.78 82,89+0.45 87.12+1.07

T
e 76.86+0, 22" 77,05+0,22" 75.96+3.03" 79.00%0, 52"
digest.

P. content| 92.26+0.25 90.53+0.49 89.74%0.24 90.48+0, 05

BM 1P, digest.| 83.73+0.48 84.84%0.16 83.38+0.12 88.66=0.54

T
e 73.49+0.20° 76.80%0.42° 74.83+0.20% 80.22+0.04
digest,

* Co 80 : Ground feather with colloid 80mesh

* BM : Ground feather with ball mill

* ! True digest. . Protein content X Protein digest.

* P. content : Protein content, P. digest : Pepsin digestibility

Means with the same letters in the row are not significantly different at
5% level.
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Table 11-2. Protein - content and digestibility with the various

autoclaving time at 130T unit : %

. Items 180min, 240min, 300min. 360min.

P. content| 91.63%3,66 90.67%0.60 90.03%0.37  86.85+0.20

Co P. digest. | 82.89%0.45 87.12%1,07 87.29+0.86 90.28+0.48
80
True b} a) ab . ab
.. 75.96+3.03" 79.00+0.52% 78.59%0, 33 78.50+0.14
digest. S

P. content| 89.741+0.24 90.48+0.05 90.07+0.20,  86.35%0.27

pM |P. digest.| 83.38%0,12 88.661:0.54 88.21+0.24  91,10%0,74

True

. 74.83+£0.20° 80.22+0.04 79.45+0,17" 79.27%0.81"
digest. : ’ ‘

*Co 80 : feather meal by colloid 80mesh,

«*BM : feather meal by ball mill ‘
*True digest. : Protein content X Protein digest. (P<0.05)

*P, content : Protein content, P. digest : Pepsin digestibility -

CO 80X FolME 180% AHad Re] 75.96% 7+3 WA velgony 240
2 A Aol 71 L 79.00%7t 235U = BM. AHIFHFAME
60 AA T Aol 7349%= 71 @A ASHJYAT CO 80475 2o
2408 G2 F Rol 80.22%9 A3%d A& RAFI vk Z AT el
AAME 5%2 FAxrt AU WA A A Ll AF 43
& 2 QlolAE BM.EZ EHE 3 130ToAM 2408 EA e Aol
HHzAen & + YATh
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3. 33 Wyl A% sFdey 28d & 2 HA

853 o] ¥ AddH @¥d & € AL Cherry $(1975)9]
¥Po2 a9 194 =3¢ A o] AN 2 AFHE X 124 F2&
+&< Yehglth. DMF(Dimethylformamide)& A48t RES £8¢ 2
= chopping® ¥ R protein I, protein II, protein III 2 protein IV 2%
20 - 28%9] WHALAT BHAYES} AL £2 7 ZvhE AL e
Wit Ball millz 2% e F&& protein IV7}F 60.6%%2 HAig o
protein I°] 7412%2 Hdle &g velidch. wEtA 383 Wy 9
3 keratindWdE £IHE dele EAE Bt o vASA st Ao F8
sttt @ & lAT B 38t e os] B keratin @9 A &
&S AN 23 B 139 JvEd A 2o 2aE 9WA 9 fractiond
TEA AFE AAG Ao dHATFL chopping® AEANA = 8319 -
95.37%2 HWHE YEPNAAT co. 309 AFEAE 8937 - 99.96%< HWHY
€ dvEidio] 2 dgEdA 248 nAHA & £F F2dE= GRS
o] ZolAe ZFFTS VElATh @8 A fractiond ol AAE protem Io] 7}
F =4 JEbdTh ol pepsin £38& EdE dWde] Adrt agEE
2gEs Hiv. 424 2389 1M E chopping® A FE& 8229 -
95.33% % 3L co30A Bl T& 7392 - 9363%9 92 24 A= wmE 43
A aged vARA BEH4E £5 F/8EY. B &4 AT EF 5%
Ao A7 AU

7h BEAzAE 258 24}
E 14t 383 wye] o EAzyds 238e HAEINY] it

colloid 80} ball mill A 2]FE fraction B8 A3& & RASF. -
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Table 12. Yield of keratineous protein by chemically treatments

unit © %

items Protein I Protein 11 Protein III Protein IV
Chopping 28.88 27.34 24.92 20.08
Colloid 30 48. 20 44.64 30.60 38.20
Colloid 80 49.12 44,96 64,92 49.72
Ball mill 74.12 63.72 62.6 60.6

Table 13. Protein content and pepsin digestibility of extracted

keratineous protein by chemically treatments unit : %
items Protein I Protein 11 Protein III Protein IV
P.
95.37+0.44 88.96+t0.35 87.48*0.02 83.19%0.37
content
P.
Chopping| . 99,96+0.02 98.30x0.30 99.06*0.27 98.94=%0.12
digest.
True a) 0) e a
. 95.33+0.44% 87.44+0.36"° 86.66+0.02° 82.29+0.35
digest.
P,
93.96+0.00 89.62+2.10 89.37%t1.99 90.60%2,27
content
Co 30 X P. 99.65+0.04 99.441+0.27 82.72%0.95 99.53%0.15
digest,
True a) B) " ab)
) 93.63%0,04% 89.10%+2.08" 73.92%+1.65" 90.17%+2.26
digest.

* Co 80 : Ground feather with colloid 80mesh,

* BM : Ground feather with ball mill ;

* P. content : Protein content, P. digest : Pepsin digestibility

* ! True digest. : Protein content X Protein digest.

Means with the same letters in the row are not significantly different at
5% level.
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AE SN AY fractiond FET
8022 AT A 2AME 860 - 9740%9] HYE YUY AT ball mill
A7 AgeAE 9117 - 99.66% WHE vehlo] wulA R B
AE "ASHA & 5% FEH: d93TFo] EolAE A Yehug
Fraction'd @¥Ag & el M= protein I0] 718 A vhelyot,

M

g AAE AEel SRAREL Co

Table 14. Protein content and digestility of keratinaceous protein
fraction isolated by chemical treatment unit : %
items Prdtein I Protein II Protein III Protein IV
P. content [97.40%0.39 91.60+0,18 87.71+0.32 85.60=+0.33
Co 80 |P- digest. [99.90+0.03 80.86+1.63 98.37+0.20 98.47+0.95
True a a o .
. 97.30£0.39" 74.07%0,.14" 86.27+0.32° 84.30+0.33
digest,
P. content [99.66+0.70 94.12%0.07 95.05+0.42 91.17+1.58
By |P. digest. [99.55%0.57 99.26+0.40 98.67+0.37 99.60x0.18
True a " o .
. 99.19£0.67" 93.43+0.07° 93,78+0.42° 90.80+1.57
digest.

*Co 80 : Feather meal by colloid 80mesh,
*BM : Feather meal by ball mill
*P. content : Protein content, P. digest : Pepsin digestibility

*True digest. : Protein content X Protein digest.

Means with the same letters in the row are not significantly different at
5% level.

ol pepsin &8&& Esd d¥dol Ayl 289 AL Bg 4

A &sted olME Co 80 M) FE 7407 - 97.30% QL ball millx &+
T 9080 - 99.19%9 HAE 4 A= BE JAH 232L A EA 2
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48 £8 /g =22 4 AT 2F 5%0A 9 {47 St
wetA ety wbhge] o keratinB©H AL EHE Ao £H4E R
o HAEA e Aol FoITI T & YA

. e oAt 24

53t8 wgol 9§ 7 fraction'd FEE(Co 307 ball millx 2] F)¢] ofn
24 248 BY ¥ 15 2 ¥ 167 2

1IR3 59 Az 9r9 Foluiit §FL 77.15% JAT colloid 309 F
o}bu) At L fraction EE 41.33 - 9454%<] YAt Fraction Holl
°1‘7~'1~‘E protein I°] 9454%=Z 713 EA Yg o™ Protein IVE 41.33%=
742 @A Jelwgth, £§ ball millg 2AE R Fopr|xmit FFL
5450 - 8399%9| W€ BA. Ball mill 1A% colloid 307775t a7}
Z]i protein 1¢] A% =A JeE ZAZ =99 %-’F Fotr =it T
e ZAasE AL BAFUT BN #E5HI de FEES TLIHY
NS A% 3 olny BHE RO%EZ AUEAA BAE T A=
obml At FFQ 77.17% HTF BE AFS BAT obvx FHEEE 3
A7t HA 252 lysine® #FAdE BFS YEMRAH.
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Table 15. Amino acid composition of the keratinaceous protein fraction

isolated chemically after grinding by colloid 30 mesh

unit: %
Amino acid Protein I Protein 11 Protein 111 Protein IV

Asp. 5.83 5.31 5.47 2.61
Glu. 9.58 8.71 8.84 4.28
Ser., 10.36 9.58 9.03 4.48
6ly. 7.55 7.07 6.41 3.16
His., - 3.87 3.72 3.46 2.06
Arg. 6.59 6.16 5. 88 3.14
Thr. 4.35 4.04 3.65 2.05
Ala, 2.33 2.05 2.02 0.91
Pro. 9.66 9.10 8.24 4.02
Tyr. 2.65 2.45 2.41 1.48
Val, 8.90 8.28 7.48 3.70
Met. 1.85 1.71 1.78 1.01
Cys. 2.26 1,97 2.41 0.73
Tleu, 5.32 4.91 4.47 2.19
Leu. 8.25 771 7.10 3.60
Phe, 483 4.46 4,07 1.82
Lys. 0.31 0.23 0.24 0.02
Total 94,54 87.54 83.04 41.33




Table 16 Amino acid composition of the keratinaceous protein fraction

isolated chemically after grinding by ball mill

unit: %
Amino acid | Protein I Protein II Protein III Protein IV Japan
feather
Asp. 5.63 5.20 3.45 3.71 4.49
Glu, 8.79 8.53 5.68 6.05 7.36
Ser. 8.96 8.89 5.93 6.12 6.30
Gly. 6.39 6.44 4.13 4.22 4.81
His, 3.51 3.59 2.59 2.67 1.21
Arg. 6.51 5.98 4.25 4,37 4.71
Thr, 3.89 3.77 2.62 2.70 3.03
Ala, 1.99 1.95 1.09 1.28 1.63
Pro. 8.66 8.65 5.58 5.87 5.55
Tyr. 2.41 2.37 1.73 1.78. 2.10
Val. 7.39 7.52 4,90 5.13 5.24
Met. 0.94 1.23 0.92 0.79 2.34
Cys, 3.19 3.06 1.49 1.64 1.09
Ileu, 4.26 4.40 2.89 2.99 3.28
Leu, 7.31 7.17 4.77 4.99 5.64
Phe, 4.16 4,03 2.51 2.69 2.82
Lys. 0.17 0.13 0.06 0.00 1.28
Total 83.92 82.99 54.59 57.05 62.97
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o W719%F Wl 9§ keratin @A B3

Keratin @¥do] 33ty Fafo] 93le Raisls HES AV|gdso=
I ARE FAstmA AN oW A& ® 71F S 2% PhastsystemS
AREEte ZH 22 2gugdl 71ed A o) g 2 A 1
2% Phastgel gradient 8-25(SDS A4-Al 6- 300kDa)& Al&3td band
& YHEd Aoz NFF EFE keratin(EAF o 44500 - 66,2007 EA%
< UBtllE markerMMW)E & JelgAw 1 9] NgE geld] Halw
o YEld A& EHAAEE AT £ JAT. wFA ALLFT gele
gradient 8-258 AM&3lA] &3 SDS AME A 1-100kDa®] ¥9& veld 4
1= high density gel€ AM&-3tATh o] o Al8% markers LMWE A4
SRt 2 23} Y 38 BAAEA ostd EIHE ATE JEd Ao
2 chopingX 7, Co 3048 T ¥ Co 80H T BF FAH Aelo] A g
& patterns YEINATE Band9 Aol keratin®] HE|Z dX7} golgl=
Aol <lo] =™ 2 2709] bande EAFo] ¢ 44500 - 66,200Da% £ 1
FASAT. =F TG 170 shdel 2719 band7t FAH Y= Aol &
o] H3t ©] bandE& EHA U keratino] 350 Y AR A7
FES At ALEE Al sty EBE AAAE ofF o] HA o
39tk 39Y 4, 29 5 ¥ 1Y 62 9EE 1%HoZ Co. 30, Co 80
ball millZ2 E4& & AN2E 33 Wygoez B (protein I, Protein II,
Protein IIl R protein IV)E & ¢ keratingd#Wdo] EHAYEE Jeld A»
olt}. o] AME-¥ geld high density gel ©1Q2.® markers LMWE Al&
dte] #sAt. Band9 patterne EF $AHE FelE JeEluGR g ball
mill2 £43 39 69A4= F9o Ueld band7} Wl En ] colloidZ &
A% Aol ¥]3le keratinol o E£#HE Aoz 22F 4 AU, A7)
UEld bandEol EAFL ¢ 25000DalA 270, % 10,700Dacl A 174<]
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bandy ol A=A @A HAr1gF o EAZAH} 92E DMFAE
Al BHRAE & Aol e Aoz Alndo] H3 ExA L HES

AANE & 2 ashed] 98 2oe FHxAL FPdok ¥ Aoz A

97,400
66,200
45,000
31,000
21,500
16,949
14,404
10,700
3,158
6,214
2512

Photo 2. High density gel& AF&-3F 2487198 raw feather®] band
Cho : Chopping, C.30 : Colloid 30, C.60 : Colloid 60,
C.80 : Colloid 80, S.K : Standard keratin, M : Marker
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3) NARX 9 HE

B el oM 4g43A FEEG & HA 1kgold9 A
Wol M & YE FXNE ZAgezs H433E & A4S B 18 4
3t HEHAS waA B AN FEE AZFNE S AN
Ueld A7 go] 2EE 2FY F Ut o|FAA £F Y IWIE ol %
e AESIHT 2 2% APAAHA oA A2FEE AES AMd £
HEe Axe Aole ARXAT F o LHAL & e T I &=
€ Wz & A9 2 Zd4Es Ag4Hoz PF AR fAsE S s
Ao (zd 7 2 29 8.

5+ hll
o

Photo 1-1. Apparatus of keratinaceous protein production by chemical

tratment



Photo 1-2. Apparatus of keratinaceous protein production by chemical

treatment

— 74—



H 3% ?2E MEIIA HII R
ofoj & O| B E

A1d A A

AFVEAGTDE $2dd Yot g $EE ARY NS L7
fel $EEoZ AN PhFUL 2% 4% AAH AFAYL AN
27, 43Ee $EEO2A JALE 2% 4% HANE dETH vxT
A8 H9m, BT 2% RANE 6% ATALE AAKoY foHe
AT HYT 2P ARESES $RE ALTAN @A Add F
gHozs Mol YA 4% U BT 2% FEE SREOE gAY £ U
+ Aol FH Gerry®t Smith(1954)E 71EA 8 $ERoZ O 25%,
5%, 10% | W¥ure mASUA @ 225% 5% olEg dANAA @
25%¢] T 25%8] g AHPX @ UiF 5% o olR 5%E 2
of WABEA o] Wolgel AF&olY AREE o}FA FFo] YN T,
a3 @A AlEd $EES AT Adgoly Alge g olFd
gaFol Ut RuHch Harms® Goff(195NE ZAG %] $EEo|
t 9%e A7F AP SEEL UGFE ¥4 33 oM $54 gwd,
s 22z NPy SANRA $EES Ao 9AE $5e
g 4 gon #T SEEE 5% FE AsRE Ao A AAL AW
gated Bestdn RuAo. LilleS19%56E Hoke) Amd $Ezoz
JqEe UAT 4 9T UGFHos Bag Aeld st McKemss
Rittersporn (1958)] <3t m2del Alme] Fudael 2% A $=
$oz AU+ RUL LAY Moran(1966)5 & $EEel 4747 ohvlx

o $®

4} %, methionine, lysine, histidine, tryptophan & ®Z3o

AN
A
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Fdo] T w3 PolUoE AL Loldth = ALEE oG of
Az=atE B8 Folx I ALREH JHX7F 3R @1 121CA 3082
autoclave® H o} sodium sulfide M ¥ AE $E @AY oo T&
& 2 @gout 121TIA 1843 7Y AHE $EEY A8F AARE 2
A FAEATdE Aotk Moran#} Summers(1968)s $EEI EREC =
olgld] disly A& 3 71X7F ¥& AL lysine™ methionined) & o) £ F
st7] w2oletx sttt Naber®h Morgan(1955)& 71&2AlEe] $RE 5%8
A7t FAREY Wolale] A} AR &40 FoIHL AL SEE]
9 %% cyanocobalamine®] FFAo7] WEolg AT UENS(1970)E 4
obg] ALgel AMEE 12%9] FY RS T o, $ER, ¥RMAIE ©Y
A9 30% Ao GAF AW ARELNA $EE AT T
Had $48dRn T E 50% AT 2& ARE Hrhn muAch
G AI7DE R2U ARZF $EEY gF NG AS5EH obFxs B
Y, Are o|8E&S AENY] Hate] o, $55AEY IR Yoz
8% $ERE FAHor} 4 UUE Aot BA FRT FEE 16%
A ARgol 2A Holmta Atk olExy BEE

16%)8 F A W AZ 4AF 2L vy 2o AkFgyou, A
o}nj :=AFS] lysine® methionineS X ¥ F3lH ojd &#A} '
79 AAT fA2 ADE QD F2YY ARl AR S ofn)

wate] FiFol Ag Aol $2Ye AR HoIE 25%9 $REE ©Y

rlo
52
2
2
K
2
PN

A F922 AH4¥ 4 UrHRomoser, 1955 1d A@Md A2l A%
$REY ALEFE TG SR st tha oA T Borl
e 288 Fastm At 29I AR Feols 4T gFuly
25e $EBOR UANE o}Rd JPol UANATHSHbbald1962). Smith

(1968)7} ol &, Sy, ¢mEd To Y& olujxity olfELS AT



A% $EE] EE otvidd o84 L ofo yFue aRMT
473 oA 53] histidine(0.0%), lysine(5.3%)¢] ©]-&A4L wj$ o}y
FYME RA ste dUY RolHA A StephensT (1959)L
FEde AR Ffotredl, W, vE, gWd, dux ££2& o 7
A st AEE A olE 62%E F& NFAEY HE SEEL HAET
7t BAEe] AY Fdd ol $EE S AFER AR 59 )
ol 8%, ether2 & $EEE FAWL 79 4Fgo] 2T 1B
o AR 2urh Sullivand®} Stephenson(1957)¢] oJ8tH HWola] Al®
ol 5969 tiFeE $EELZ QAHE HF AN o}FA FFo] YA
i fo ol&o] 20%% FFHE ALRAA kg $EEF 1kgd &55=
A 2kge dFue YRste WHez Algy $ERE Aslge 10% &
75% 742 FIHAZEH 14730 AgZAHY w2d $REes fgF
AL o S%TFEAAE oFY 9FE FA gRoy 75%AME A
ARAN el doluir. oL & CAHEER Az A E
15psig] F71he 2 2083 AHste Aol Afo|Ya 3bpsis] Frgez
IMZE ARstel 24F Aol /M FXT HaAT TsangF(1963)0] $E
Fe 9d FEOE TE F2dY AaoA 35 kg 559 4lkgd $
EEoE T0kgel thFutat 5kge] FE8A FAE LIZ diX st AFANPES
3 2 F2d Atz @id FFo] 20%Y We SEEE 4% A, R
2de] Atz guld ko) 22- 26 % 4 WE 8% 7tA WAst e
Apet 28

ARE Aol

R
i)

=
o

b
M
1o

Il=|

.__:

2t

ZE’I

i B33} Bakers(1981) 29 A#d $2ES 53
Z o WHolgdA F43% A SEEvo® ¢

=
rlo,

o,
=
A g oW :=4tL2 methionine, lysine, histidine, tryptophan ©} 3L, methionine&
Mg BF Se5- AT AFAE gid 2 7FE 10% X F A

o1, methionine® lysine® F7/MAdlE ZA&o] & ZA2gel 40%S d3
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g 4 9t Mok Thomas ¢ Beeson(1977)0] 71ZA 8] A5 FAEE F
AsEA FopA ] TS 32% WX $EED X BREe] AE, o
vz, 4 ol8&E FAEH. AE8H VA 23&L FAF AFS U
Blen BFe A2 ujdFe dFHTr 3 diiHEE giFuTEst
A dEsten %9 dx MdZA E2AY R vE, g9 2
a2TFS Eﬂ'z"":r‘ﬂ A FAFY oA olffe FREO|Y Buiy ¥
&0l tiFde] HEo HFo 7|dgtn HFAch ¥ H npIsAE SR
ol EUEXE bypass @HA FTF el E & oy opuxi o] &
T3 Hol HXA YolA wWALd, Holid T oivxite Ay 2T €T
Wray§(1979)2 STFALEAE £FokAd 7222 FA3HAM @Y
ANEE $EEF EEES dFTY 50% R 100%2 RS @ d3F
AF, AREE, AEAAF £ 2 YA dFT FrhTe FoFHA &
olg HolX &%ty Huych EF FHAXE gFoiXdA $EE 2
& diFde] 5% 2 50%E dARS e FAL, AARHAF, §249
oM E FHA Aolg HolA ggoyd ARLTELS diF AT v
& Jdgdz Ao

Williams 5(1991)& 2 &2 (Bacillus licheniformisZ ¥ &) ALE 3

M

7HXNE F2dE SAdA ZAed Alg gide] B%E $RELE o
APk FrIALE FEEFY ASoe TV1H LESEET H LEAY

SRET Bt 47 69%9 193%S FA EFE vehyoy ¥F
T ATy FT HHME 64%2] W& FAEHE BYth. EF 3%
s} 6 ESRE FA9A ALYA Bl A= lysine, histidine, tryptophand 2
& A gFgTe $9¢ FAAAE UYebdR, autoclaved $EE FATE
98 $EEF HHAE Aol MAMYAT LA FEEFA HHAHE F
gdHog gde FAEAJE HAY. oANFE T Fr1H LA FEREe

Lo
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A2d Asg 2 I

of P wud ARz A5 ey,

12 A8 23 pepsin 2880 /M ¥ U8 $EEF By A

ol 23§ A pepsind3t-&o] JH ®e (Ball mill H8% protein fraction I)

Aetd @A 2288

ARt o=t ol 8& ANPE FHIAT

AGAYT W L ABMGEe E 13 2or 44T 3B BBY 2
+4 FAHGoH FTAFEL SDAEY AF 150z NI A8 245 FA

gt B AFE

Table 1. Formula of experimental diets(1st phase)

A #EAF H(Total collection method)ol ¢} 3t}

Feeds Control [Non-nitrogen | Low-protein [High-protein
Glucose 10 30 10 10
Corn starch 55 55 55 55
feather meal - - 20 20
Casein 20 - - -
Fiber 5.0 5.0 5.0 5.0
Corn oil 5.0 5.0 5.0 5.0
DL-Methione 0.3 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2 0.2
Vit, mix, 1.0 1.0 1.0 1.0
Min, mix. 3.5 3.5 3.5 3.5

Protein 20 - 19.0 19.8
Calories Kcal/g 3.85 3.85 3.85 3.85
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Al 343 Ad3 9 &
L wEeEEe AN B7

7h Al 13 AE

E 2 FHAALFH colloid 3022 &3 $2F, Egsdyoezr 28
keratinaceous protein IZEEE& ANPAIEd 20% H7FetS W) opvlxit
gFe BN Adgolth FH3 olu] Akl methionine¥} cysteineo] VA
velen, Eolgd AL " d¥A I& FRE AMElA histidines
lysinee] ZAZHA &ted HHE JE 2 & histidine 0.35%, lysine
094%2 EAEHA. o] AHdE FEHAAAA olE olrixite] #H77t & A
o7 Alg g,

38 FAAY A FAA ofn At A3E&L glycine®] 833%E 1F W

St3 methioned} serine©] 100%2 43| o] &FH At Alanine®] 7% 83.9%
2 e Holg oy alanine® glycined A 93tnE BF 90%°]de] A38&
& vetden F ojnuxilt FF A& 939%=Z HIF H}AT. Colloid 30
o2 B 98 2 AAY opvxil AZEL ofF AxF oW leucine,
phenylalanine, aspartate, glutamate, cysteine, proline & 10% ©]&¢] @&
A23¢L EAoH colloid 30 3 $EES Foprlx HFFE 23EL
217%2 33 Az

gz B EHEZF fraction 12] 2§ threonine, aspartate, alanine, glycine,
tyrosine®] A &&°] 80 - 89% AlelAot 18 olrjxil o] &2 90% I
Roz o 2388e Yehldrt. Keratinaceous protein 19] Fotwlx=4t ¥

F A8EL 027%2 433 $FA FAHAS
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B 400 7tas ol wde YARAAN oE ol nEA o=
ol Abg T ER Yky] HEo) true7}'d 2 oly™ apparent digestible
obEl=oz ErHGTh o ElME Aoy $EED Ay wd
I¢ AEAE Fol 20%ERE Aeold 39 Fooll, AN 9458%,
At S oful:i 2L 9361%, YBFEELS 1549%9 ofnlmat
2342 B

o] A%z B o sjtee vy RYBIY F$ ol o]§ 8o A
A Ao HAEE UEAEY ol: Aty vy lo) THY obmxi 2}
A9e YT A= Frhan oW AR HADY ITEAF D o)
4% w3y R ohi=d $FE BW E 5 E 6% E 7% 29,

dBTAZFLE WEFIE 454g  ©leyt  N-free, Low-keratin %
High-keratin §97% 1.76-20g2.2 tzFo uls] @AsA Zi2390
=9 ARHAP) QU= BEFH 180gMday U W Nefree
Low-keratin ¥ High-keratin 3 & 11.3—15.4g/dayi AFEAA A F] QLo
AE dAA 4eBe AANADL, mAd AraADol A7 dE] U
ZAFE gz W3 FirEYee ¢ = 9t

FE 794 w2d 29 F& gzt 141g ©)9eH low-keratin ziﬂ?”

520g0. 2 717 B& wAdE 392 high-keratinT?7} 1.132.2 717 He

e
&

F& NERAT B SRAGEE low-keratin AT 40.00%2 77
¥9kom  high-keratin?7} 2064%E 2 thgo2 Eu oA FFo] =7
UEh} keratin Buldo] AW AAZ 2 HH 3 8ol FAHch

WA ol 2588 2W 2T 924%% WY high-keratind 7
880%%T 718 2 BHd 2588 B Ae low-keratin®. 2 1.9%3]
2894 29,
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Table 2. Amino acid contents of the experimental diet (D.M basis)

Amino acid intake Casein Raw feather by Keratinaceous
colloid 30 protein 1
Indispensable
Arginine 1.34 1.8 4,66
Histidine 0.86 0.35 N.D
Isoleucine 0.91 0.78 0.8
Leucine 1.62 1.24 1,34
Lysine 2.05 0.94 N.D
Methionine ' 0.73 0.25 0.27
Phenylalanine 0.99 0.84 0.95
Threonine 0.76 0.78 0.74
Tryptophane N.D N.D N.D
Valine 1.16 1.26 1.35
Dispensable

Alanine 0.51 0.64 0.69
Aspatate 2.13 1.66 1.62
Cysteine N.D 0.61 0.48
Glutamate 3.91 1.63 1.53
Glycine 0.31 1.00 1.13
Proline 1.92 1.76 1.9
Serine 0.89 1.72 2.01
Tyrosine 0.96 1.49 0.4
Total amino acid 21.05 17.75 19.89
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Table 3. Apparent digestiblility- of Amino acid of

the experimental

diets
Amino acid intake Casein Raw f ea'tther' by Keratin?ceous ‘
colloid 30 protein I
Indispensable
Arginine 91.7 35.7 98.1
Histidine 93.3 60 ND
Isoleucine 93.8 25 100
Leucine 96.7 5.3 93.3
Lysine 91.9 57.1 ND
Methionine 100 75 100
Phenylalanine 92.3 7.7 90.9
Threonine 92.9 ND 87.5
Tryptophane ND ND N.D
Valine 95.2 10.5 93.3
Dispensable
Alanine 88.9 10 87.5
Aspatate 94.7 7.7 88.8
Cysteine ND ND 100
Glutamate 95.7 4 88.2
Glycine 83.3 13.3 92.3
Proline 97.1 ND 95.2
Serine 100 11.5 95.7
Tyrosine 94.7 25 80
Total amino acid 93.9 21.7 92.7
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Table 4. Apparent digestible amino acid of the experimental diets

Amino acid intake Casein Raw feather by Keratinaceous
‘ colloid 30 protein I
Indispensable
Arginine 1.23 0.64 \ 4,57
Histidine 0.8 0.21 ND
Isoleucine 0.85 0.2 0.8
Leucine 1.57 0.07. 1.26
Lysine 1.88 0.54 ND
Methionine 0.73 0.19 0.27
Phenylalanine 0.91 0.06 0.86
Threonine 0.71 ND 0.65
Tfyptophane ND ND ND
Valine 1.1 0.13 1.26
Dispensable
Alanine 0.45 0.06 0.6
Aspatate 2.02 0.13 1.44
Cysteine ND ND 0.48
Glutamate 3.74 0.07 1.35
Glycine 0.27 0.13 1.04
Proline | 1.86 ND 1.81
Serine 0.89 0.2 1.92
Tyrosine 0.9 0.12 0.32
Total amino acid 19.91 2.75 18.62
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Table 5. Daily feed intake(D.M. basis)

Treatment
Control N-free Low-keratin'’ |High-keratin®
No, of rat 6 6 6 6
Daily
4,.54+2.33 | 1.76+0.66 1.98+0.33 2.0+1.12
gain(g/day)

water intake

29.9+3.14 | 17.6:+4.07 21,5+2.65 22.5+0.78
(ml/day)

Moisture(%) |11.93+0.01 | 12.42+0.07 | 13.42+0.12 | 10.99+0.01

Feed

intake(g/day)" 18.0+1.72 | 13.0£2.25 15.4%4,54 11.3+1.04
intake(g/day

1) Feather meal after grinding with colloid 30

2) Keratinaceous protein I fraction

Table 6. Daily fecal excreta(D.M. basis)

Treatment

Control N-free Low-keratin | High-keratin

No of rat 3 3 3 3

Feces amount
(fresh,g/head 1.69%0.35 1.48+0.31 6.2+1.47 1.32+0.3
/day)

Moisture(%) - 16.85 13.61 14.78 14.3

Daily fecal” k :
1.41+0.29 1.28+0,27 5,29+1.25 1.13+0.26

excreta(g)
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Table 7. Digestibility tests of feather meal in vivo

Treatment
Control N-free Low-keratin |High-keratin
Feed
. 1 18.0x1.72 | 13.0+2.25 | 15.4*+4.54 | 11.3+1.04
intake (g/day)
Protein(%) 17.45+0.16 | 1.53+0.13 | 17.08+0.53 | 17.52+0.22

Protein intake(g) | 3.14+0.30 | 0.20+0.03 | 2.64+0.77 | 1.99+0.18

Daily fecal
1.41+0.29 | 1,28+0.27 | 5.29+1.25 | 1.13+0.26

excreta’(g)
Protein(%) 16.5+2.31 [11.08+1.70 | 49.02+1.9 | 20.64+1.43
Protein
0.23+0.05 | 0.14+0.03 | 2.59+0.61 | 0.23+0.05
excreta(g)
Digestibility(%) 92.4 30.0 1.9 88.0
Y. Al 23 N E

288 & 8t $EES £l & JT TE Fof 4EE H4¥4
Aoz wraoel o3 EAMAAT EIlE FEES /A HIHE A4 in
vitroZ £3&E FAHAL 2 F FE ASAEE T TaE FEE
AEZINE H7HE7] A AAsgT AgEAT Wg 2 Asude
¥ 8% zZom 44 F 3WECF oz FAFHLH FAFELS SDA
59 AF 150g WY FE FAHADG. E AFE AEAFY(Total
collection method)el &Rt £HTFE YEE AHsta A= ball mill
29 24& sgon d4XgTE YRE AFF AT 12 9 24
g = 2z 2 dAHHETE 9EE AAF EL2XYE 9
A7 dHEE 8t dx R E48 o Alg wige AT 74
o] AJtEe 20%E 3H .

1w Mo
ko
o o

w
4
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Table 8. Formula of experimental diets(2nd phase)

Fermented +
Ingredients Control(C) Ground(G) Heat(H)
Heat (F+H)
Gl
veose 10 10 10 10
Corn starch
55 55 55 55
Feather meal
. - 20 20 20
Casein 20 ] ~ ~
Fiber
. 5.0 5.0 5.0 5.0
Corn oil
] 5.0 5.0 5.0 5.0
DL-Methione
choline 0.3 0.3 0.3 0.3
o

. 0.2 0.2 0.2 0.2
bitartrate

. . 1.0 1.0 1.0 1.0
Vit, mix,

] . 3.5 3.5 3.5 3.5
Min, mix.

Protein 20 19.5 19.0 19.8
Calories Kcal/g 3.85 3.85 3.85 3.85
Table 10. Daily feed intake and fecal excreta

Treatment
C G H F+H
Daily gain
2.37£3.36 3.84+0.72 0.86+0.25 -0.93+0.32
(g/day)
Feed intake'
16.51.87 | 19.96+2.96 9.13+0.38 6.86*1.31
(g/day)
Water intake
31.2+7.3 25.0x4.5 17.9+3.2 14,0x1.7
(ml/day)
Daily feacal'
5,03+1.33 | 13.43+1.95 3.57+0.65 2.37+0.77
excreta(g)
1. D.M. basis
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Table 10. Protein digestibility of experimental diets

Treatment
c G H F+H
foog [Protein(®)| 25.0520.7 | 20.1:0.48 | 19.97:£0.88 | 19.65:0.55
e
Intak Protein
ntake | Troteln 4 940.44 | 3.78+0.56 | 1.72+0.56 | 1.26+0.24
intake(g) :
Protein(%)| 16.75+5.59 | 52.74+1.54 | 27.6+3.13 | 31.6+3.43
Fecal
Protel
excreta | Frotein | g4+0.22 | 7.09+1.03 | 0.99+0.18 | 0.75+0.24
excreta(g)
Protei
rotein 78.5 0 42.4 40.5
digestibility{%)
1. D.M. basis
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Table 11. Amino acid contents of the experimental diet (D.M. basis)

Amino acid
intake ¢ ¢ i Fl
Indispensible
Arg 1.20 1.48 2.06 2.14
His 1.20 0.90 0.32 0.29
Ile 0.70 0.74 0.87 1.07
Leu 1.27 1.34 1.46 1.81
Lys 1.76 1.70 0.53 0.52
Met 0.49 0.35 0.34 0.53
Phe 0.55 0.58 0.57 0.87
Thr 0.62 0.40 0.77 0.16
Val 1.11 1.32 1.53 1.73
Dispensible
Ala 0.42 0.56 0.72 0.76
Asp 1.44 0.91 1.50 0.23
Cys N.D 1.78 0.66 0.91
Glu 3.56 1.02 0.16 0.51
Gly 0.21 0.83 1.18 0.92
Pro 1.69 1.92 1.38 0.39
Ser 0.87 1.73 2.03 0.72
Tyr 0.82 0.42 0.41 0.87
mjci:mim 17.91 18.00 16.49 14.41
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Table 12. Amino acid contents of the feaces (D.M. basis)

Amino acid
intake ¢ G i FH
Indispensible
Arg 2.38 4.84 3.72 3.24
His 1.21 0.88 1.42 1.26
Ile 0.88 2.95 1.60 1.69
Leu 1.12 4.63 2.56 2.62
Lys 2.88 2.30 4.43 3.66
Met 0.30 0.17 0.55 0.55
Phe 0.89 3.11 1.77 1.79
Thr 0.71 2.29 1.62 1.83
Val 1.06 4.56 2.84 2.78
Dispensible
Ala 0.91 2.41 2.18 1.78
Asp 2.07 5.06 5.16 6.04
Cys 0.30 2.32 1.24 1.07
Glu 2.48 6.52 4.71 5.28
Gly 0.74 3.68 1.956 1.79
Pro 0.98 6.85 3.92 4.37
Ser 1.16 5,91 3.09 3.04
Tyr 0.71 1.53 1.65 1.54
Total amino
acid 20.76 60.01 44,42 44,32
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Table 13. Apparent digestibility of amino acid of the experimental
diets
Amino acid
intake C G H F+H

Indispensible
Arg 36.16 0 24.92 43.41
His 67.64 30.30 0 0
Ile 59.77 0 23.87 41.0
Leu 71.61 0 27.40 46.08
Lys 47.49 3.25 0 0
Met 80.4 65.25 32.56 61.08
Phe 47,97 0 0 23.48
Thr 63.49 0 13.43 0
Val 69. 46 0 22.93 40,03

Dispensible
Ala 31.11 0 c 12.3
Asp 53.95 0 0 0
Cys N.D. 7.29 21.69 56.01
Glu 77.63 0 0 0
Gly 0 0 31.26 27.08
Pro 81.53 0 0 0
Ser 57.23 0 36.65 0
Tyr 72.02 0 0 34.51

T“jc;mim 62.79 6.24 13.81 22.82
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Table 14. Apparent digestible amino acid of the experimental diets

Amino acid
{ntake C G H F+H
Indispensible
Arg 0.43 0 0.51 0.93
His 0.81 0.27 0 0
Ile 0.42 0 0.21 0.44
Leu 0.91 0 0.40 0.84
Lys 0.83 0.06 0 0
Met 0.38 0.23 0.11 0.32
Phe 0.26 0 0 0.21
Thr 0.40 0 0.10 0
Val 0.77 0 0.35 0.63
Dispensible
Ala 0.13 0 0 0.09
Asp 0.78 0 0 0
Cys 0 0.13 0.14 0.51
Glu 2.76 0 0 0
Gly 0 0 0.37 0.25
Pro 1.38 o 0 0
Ser 0.50 0 0.74 0
Tyr 0.59 0 0 0.30
Total amino '
acid 11.37 0.€9 2.94 4,57
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Table 15. Formula of experimental diets(3rd phase)

Autoclaved Fermented
Ingredients Casein Ground F.M.

F.M, F.M.

Glucose 10 10 10 10

Corn starch 55 55 55 55

Feather meal - 10 10 10

Casein 20 10 10 10
Fiber 5.0 50 5.0 5.0
Corn oil 5.0 5.0 5.0 5.0
DL-Methionine 0.3 0.3 0.3 0.3
Choline 0.2 0.2 0.2 0.2
Vit., mix, 1.0 1.0 1.0 1.0
Min, mix, 3.5 3.5 3.5 3.5

Protein 20 19 19 19
Calories Kcal/g 3.85 3.85 3.85 3.85




Table 16. Amino acid content of the experimental diets

Unit : DM %
Ground Autoclaved Fermented
A. A, Control
feather feather feather
Asp. 1.41 1.50 1.33 1.29
Thr 0.70 0.74 0.79 0.74
Ser., 0.85 0.91 1.06 0.95
Glu. 4.49 3.22 3.86 3.74
Pro. 2.51 1.93 2.17 -2.06
Gly. 0.43 0.64 0.68 0.59
Ala, 0.66 0.66 0.72 0.95
Cys. - - - -
Val. 1.42 1.33 1.45 1.35
Met . 0.66 0.72 0.74 0.74
Iso. 1.15 1.01 1.09 1.02
Leu, 1.96 1.74 1.85 1.75
Tyr. 0.76 0.69 0, 67 0.57
Phe. 1.16 0.98 1.05 0.98
Lys. 1.82 1.23 1.41 0.84
His. 0.75 0.53 0.58 0.42
Arg. 0.85 0.85 0.96 0.84
Total A.A. 21.58 18.68 19.67 18.83

¥ DM % : 89.40, 88.89, 89.38, 89.48 % , respectively.




Table 17. Amino acid content of casein, ground feather meal, autoclaved

feather meal, and fermented feather meal

Unit : DM %
Ground Autoclaved Fermented
A A, Control g
: feather ‘ feather feather
A 9.00 4.73 6.12 524
sp.
2.68 3.70 3.62 2.38
Thr.‘ = ] - ;
S 2.17 6.58 ) 6.97 4. 45
er, ‘
18.17 : 9,8 10.40 _ 9.79
Glu, ~ .
p 13.17 8. 80 ’ 9.73 1 9.90
ro. . | ;
1.63 ' 6.65 6.67 5.04
Gly. ‘
3.15 4.54 4.76 4.37
Ala,
Cys. B h 4 B 7
v 6.34 6.89 7.99 - 5,98
al..
M 2.81 0.70 0.69 2.08
et. .
1 o 4,93 4,47 4.75 3.80
s0, ) ) ,
' L 9.14 |, 7.16 7.77 6.82
eu, : .
T ' 4.27 2.85 2.42 1.82
yr.. . . .
Ph 4.89 4.97 4 81 3.91
e. .
L 8.80 S 7.17 3.19 2.99
YS. : L
. 3.50 ‘ 1.43 0.65 o 2.46
His. _ ;
4.76 6.78 7.08 3.60
Arg, o «
Total A A. 99. 41 87.31 87.71 74,61

¥ DM % - 90.59, 89.67, 90.25, 83.32 % , respectively.
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Table 18, Amino acid content in the faeces of the experimental

group Unit : DM %
Ground Autoclaved Fermented
A. A, Control
feather feather feather
Asp. 0.95 2.40 2.77 1.92
Thr, 0.66 1.59 1.87 1.12
S 0.53 3.00 3.31 1.74
er,
1.23 4 32 4,63 3.19
Glu.
0.60 3.39 3.67 2.33
Pro.
0.55 2.40 2.61 1.76
Gly.
Al 0.57 1.78 2.00 1.52
a,
Cys. h - B -
0.64 2.97 3.32 2.20
Val.
M 0.22 0.26 0.36 0.30
et.
0.51 1.94 2.10 1,43
Iso. 4
0.75 2.81 3.20 2.15
Leu,
0.37 0.78 1.01 0.57
Tyr.
0.47 1.76 1.99 1.35
Phe.
0.82 1.19 1.42 1.25
Lys.
His 0.28 0.39 0.50 0.41
' 0.59 2.37 2.65 1.64
Arg.
Total A.A. 9,74 33.35 37.41 24.88

# DM % : 98.98, 98.55, 98.11,
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Table 19. Daily intake of amino acids in the experimental diets

Unit : g/d
Ground Autoclaved Fermented
A. A, Control
feather feather feather
DM intake 15.22 14.72 13.46 14.59
Aep 0.215 0.220 0.179 0.188
Thr' 0.107 0.108 0.106 0.108
Ser‘ 0.125 0.134 0.143 0.139
' 0.683 0.474 0.520 0.546
Glu.
Pro 0.382 0.284 0.292 0. 301
Gly. 0. 065 0.094 0.092 0.086
) 0.100 0. 097 0.097 0.139
Ala,
Cys. ) ) ) )
Val 0.216 0.196 0.197 0.197
Met' 0.100 0.106 0.100 0.108
Iso' 0.175 0.149 0.147 0.149
) 0.298 0.256 0.249 0.255
Leu.
Tyr 0.116 0.102 0.090 0.083
Phe' 0.177 0.144 0.141 0.143
Lys' 0.277 0.181 0.190 0.123
His‘ 0.114 0.078 0.078 0. 061
) 0.129 0.125 0.129 0.123
Arg,
Total intake 3.283 2.748 2.750 2.749
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Table 20. Daily excreta of amino acids in the faeces

Unit : g/d
Ground Autoclaved Fermented
A, A, Control
feather feather feather
DM excreta 0.88 1.23 0.94 1.02
Asp. 0.0084 0.0295 0.0260 0.0196
The 0. 0058 0.0196 0.0176 0.0114
Ser 0. 0047 0.0369 0.0311 0.0177
0.0108 0.0531 0.0435 0.0325
Glu.
Pro. . 0. 0053 0.0417 0.0345 0.0238
Gy 0.0048 0.0295 0. 0245 0.0180
0. 0050 0.0219 0.0188 0. 0155
Ala.
Cys. ) - B )
Val 0. 0056 0.0365 0.0312 0.0224
Vot 0.0019 0.0032 0.0034 0.0031
Ieo. 0.0045 0.0239 0.0197 0.0146
0. 0066 0.0346 0.0301 0.0219
Leu. : . ’
Tyr 0.0033 0. 0096 0. 0095 0. 0058
Phe' 0. 0041 ©0.0216 0.0187 0.0138
Lys' 0.0072 0.0146 0.0133 0.0128
Hié’ 0.0025 © 0.0048 0. 0047 0. 0042
' 0. 0052 0. 0292 0. 0249 0.0167
Arg. , ‘
Total intake 0.1831 0.4102 0. 3586 0. 2572
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Table 21. Amino acid digestibility of the experimental diets

Unit : DM %
‘ ‘ Ground Autoclaved Fermented
A. A Control . : o
) i feather feather feather
Asp 96. 09 86.59 85. 47 '89. 57
Thr' 94,58 81.85 83.40 89. 44
‘Ser' 96. 36 72.46 78.25 87.27
‘ ) " 98,42 88.80 91.63 94,05
Glu, 7 :
Poo 98, 61 85, 32 88.18 92. 09
Gly' 92.62 - 68.62 73.37 79.07.
' 95,00 77. 42 80. 62 88. 85
Ala. , ‘
Cys. ) ) ) )
Val 97, 41 81.38 84.16 88.63
Met' 98.10 96.98 96. 60 97.13 -
150. 97.43 83.96 86. 60 90. 20
o 97.79 . 86.48 87.91 91.41
Leu. g
Ty'r 97.16 90. 59 89, 44 93,01
Phe' 97.68 © 85.00 ' 86.74 . 90.35
Lys' 197,40 91,93 93.00 - 89.59
His' 97.81 93.85 - 93,97 93.11
' 95, 97 76. 64 80.70 86.42
Arg,
Total A.A. | 96.78 84.24 86.26 90.02
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Table 22. Amino acid digestibility of the ground feather meal

Unit : DM %
Dig. of AA ofDig of AA off .. Difg- t:f g‘”°“‘l‘d
A A standard diet with|standard diet ©) cather mea
ground feather(A) with casein(B) (A-C) [(A-C)/50%

Asp. 86.59 96.09 48,05 38.54 77.08
Thr. 81.85 94,58 47.29 34.56 69.12
Ser-. 72.46 96. 36 48.18 24.28 48.56
Glu. 88. 80 98. 42 49, 21 39.59 79.18
Pro. 85.32 98.61 49,31 36.01 72.02
Gly. 68. 62 92.62 46.31 22.31 44,62
Ala, 77.42 95.00 47,50 29.92 59. 84

Cys. i - - B B
Val. 81.38 97.41 48.71 32,67 65.34
Met. 96.98 98.10 49,05 47.93 95. 86
Iso, 83.96 97.43 48.72 35.24 70. 48
Leu, 86. 48 97.79 48,90 37.58 75.16
Tyr. 90,59 97.16 48, 58 42,01 84.02
Phe. 85.00 97.68 48,84 36.16 72.32
Lys. 91.93 97.40 48,70 43.23 86. 46
His. 93.85 97.81 48,91 44,94 89.88
Arg. 76. 64 95,97 47.99 28.65 57.30

Average

of diges. .70

¥ 22 %232 E U $EE AAY L3512 E

piS=2-18
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Table 23. Amino acid digestibility of the autoclaved feather meal

Unit : DM %
Dis. of AA ofDig of AA off . Dig. of ground
A, A, standard diet with|standard diet feather meal
. , (¢) [ A-C Y](A-C)/50%
ground feather(A) |with casein(B)
Asp 85, 47 96.09 48.05 | 37.42) 74.84
The 83. 40 94,58 47.29 | 36.11| 72.22
Ser 78.25 96. 36 48.18 | 30.07| 60.14
91.63 98,42 49,21 42.42| 84.84
Glu,
Pro 88.18 98. 61 49,31 38.87| 77.74
Gly 73.37 92,62 46,31 27.06] 54.12
Al ) 80. 62 95, 00 47.50 | 33.12| 66.24
a,
Cys. i - N - -
Val 84.16 97.41 48.71 35.45] 70.90
Vot 96. 60 98.10 49.05 | 47.55| 95.10
Iso' 86. 60 97.43 48.72 37.88| 75.76
' 87.91 97.79 48.90 | 39.01| 78.02
Leu.
Tyr 89. 44 97.16 48,58 | 40.86| 81.72
Phe 86. 74 97.68 48.84 | 37.90! 75.80
Lys‘ 93.00 97. 40 48.70 | 44.30| 88.60
His' 93,97 97.81 48.91 45.06| 90.12
' 80. 70 95,97 47.99 | 32.71| 65.42
Arg, ]
Average 75.72
of diges.
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Table 24. Amino acid digestibility of the fermented feather meal

Unit : DM %
Dig. of AA ofDig. of AA off D;g'tﬁf gr°“?d
. . . 2 eather mea
A A, standard diet withlstandard diet (C) (A-C) |(A-C)/50%
ground feather(A) |with casein(B) :
N 89.57 96. 09 48.05 | 41.52| 83.04
Thi' 89. 44 94.58 47.29 | 42.15| 84.30
Sor. 87.27 96.36 48.18 | 39.09| 78.18
' 94.05 98. 42 49.21 | 44.84| 89.68
Glu.
o 92,09 98. 61 49.31 | 46.45| 92.91
oLy, 79.07 92.62 46.31 | 32.76| 65.52
4 88. 85 95.00 47.50 | 41.35| 82.70
Ala,
Cys.
val 88. 63 97. 41 48.71 | 39.92| 79.84
ot 97.13 98.10 49.05 | 48.08| 96.16
Lo 90. 20 97. 43 48.72 | 41.48| 82.96
) - 91.41 97.79 48.90 | 42.51| 85.02
Leu.
o 93. 01 97.16 48.58 | 44.43| 88.86
Pze' 90.35 97.68 48.84 | 41.51| 83.02
Lo 89.59 97.40 48.70 | 40.89| 81.78
H? ' 93,11 97.81 48.91 | 44.20| 88.40
e 86. 42 95,97 47.99 | 38.43| 76.86
Arg,
Average 83. 67
of diges.
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Table 25. Digestible amino acid of the ground feather meal(9)

A A A A, of ground Digestibilit Digestible amino acid
&
T feather meal tgestibiiity of ground feather meal
4.73 77.08 3.65
Asp.
3.70 59,12 2.56
Thr,
6.58 48, 56 3.20
Ser. .
9.89 79.18 7.83
Glu,
8.80 72,02 6.34
Pro. -
6.65 44,62 2.97
Gly. -
4,54 59.84 2.72
Ala,
Cys. .
6.89 65. 34 4,50
Val.
0.70 95.86 0.67
Met.
4.47 70. 48 3.15
Iso.
7.16 75.18 5,38
Leu, ;
2.85 84.02 2.39
Tyr.
Phe 4,97 72.32 3.59
L s' 7.17 86. 46 6.20
7o 1.43 89. 88 1.29
His, _
6.78 57.30 3.88
Arg.
Total 87.31 71.70 60, 32

¥ 25 82 % E 272 7tASA o FFORA ofulxid X Z ot

w4l 238)8 UEhE 29,

- 105 —




Table 26. Digestible amino acid of the autoclaved feather meal(%)

A.A. of autoclaved . e Digestible amino acid of
A, A Digestibility
feather meal autoclaved feather meal

A 6.12 74.84 4,58

sp.
3.62 72.22 2.61

Thr.
S . 6.97 - 60.14 4.19

. Ser,
Gl 10.40 84.84 8.82

u,
p 9.73 77.74 7.56

ro.
Gl 6.67 54,12 3.61

Y.
4.76 66.24 3.15

Ala,

Cys. B B B

7.99 70.90 5.66

Val,
0.70 95.10 0.66

Met.
4.75 75.76 3.60

Iso.
7.77 78.02 6.60

Leu.
2.42 81.72 1.98

Tyr.
4.81 75. 80 3.65

Phe.
3.19 88. 60 2.83

Lys.
. 0.65 90.12 0.59

His,
7.08 65.42 4.63

Arg.

Total 87.71 75.72 64.18
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Table 27. Digestible amino acid of the fermented feather meal(%)

A.A, of autoclaved ) . Digestible amino acid of
A, A Digestibility
feather meal autoclaved feather meal
5.24 83.04 4.35
Asp.
2.38 84,30 2.01
Thr.
4.45 78.18 3.48
Ser,
9.77 89.68 8.76
Glu,
9.90 92.91 9.20
Pro,
5.04 65. 52 3.30
Gly.
4,37 82.70 3.61
Ala,
Cys.
5,98 79. 84 4,77
Val.
2.08 96.16 2.00
Met.
3.80 82.96 3.15
Iso,
6.82 85.02 5.80
Leu, '
1.82 88. 86 1.62
Tyr.
Phe 3.91 » 83.02 3.25
L ) 2.99 81.78 2.45
S.
Hfs 2.46 88. 40 2.17
) 3.60 76. 86 2.77
Arg.
Total 74.61 83.67 62. 69
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Table 28 Amino acid digestibility of the ground feather meal,

autoclaved feather meal, and fermented feather meal (%6)

A A Control Ground Autoclaved Fermented
feather feather feather
Asp. 96.09 77.08 74.84 , 83.04
Thr. 94,58 69.12 72.22 84.30
Ser. 96, 36 48,56 60.14 78.18
Glu. 98, 42 79.18 84.84 89.68
Pro. a8. 61 72,02 77.74 : 92.91
Gly. 92.62 44,62 54,12 65.52 -
Ala, 95.00 59, 84 66.24 82.70
Cys. ) ) ) )
Val. 97.41 65.34 70.90 79.84
Met. 98. 10 95, 86 95,10 96.16
Iso. 97.43 70.48 75.76 82.96
Leu. 97.79 75.16 78.02 85.02
Tyr. 97.16 84.02 81.72 88.86
Phe. 97.68 72.32 75.80 83.02
Lys. 97. 40 86. 46 88. 60 81.78
His. 97.81 89,88 90.12 88. 40
95,97 57.30 65, 42 76.86
Arg,
Average 96.78 71,70 75.72 83.67
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Table 29. Digestible amino acid of the ground feather meal, autoclaved

feather meal, and fermented feather meal (%)

Ground Autoclaved Fermentéd
A, A, Control
feather feather feather
A 8.65 3.65 4,58 4,35
sp.
2.53 2.56 2.61 2.01
Thr,
S ~2.09 3.20 4,19 3.48
er,
17.88 7.83 8.82 8.76
Glu,
p 12.93 6.34 7.56 9.20
ro.
1.51 2.97 3.61 3.30
Gly.
2.99 2.72 3.15 3.61
Ala, )
Cys. B B B B
6.18 4.50 5.66 4.77
Val.
2.76 0.67 0.66 2.00
Met.
Iso 4.80 3.15 3.60 3.15
’ 8.94 5.38 6.06 5.80
Leu.
4,15 2.39 1.98 1.62
Tyr.
4.78 3.59 3.65 3.25
Phe.,
8.57 6.20 2.83 2.45
Lys.
His 3.42 1.29 0.59 2.17
) 4.57 3.88 4,63 2.77
Arg,
Average 96. 81 60. 32 64.18 62.69
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Table 162 A @ALE S olrl=t FHAEVE) BAAR L Fojun
A BE ubeh o] tiETl 2158%, YBFEE(BEUEA) FH AYA
2771 1868%, autoclavedt $EE FH AFAERTI 1967%, LE AT
FE2E i AGAETIE 1883%2 AT ZELEE IH A PAE
obmliit o] autoclaved FEE TH AMPAIRY A olvl:Ar P
o Ay ez @ FAF¥S Vel F54d LE5Fol nAEe] A%
BA Lo Z o83 Aoz AgdEM.

Table 172 ¢¢ $2E AA 9 o= H(AEVE) &§F EXR 5T}
FHAIN-L  glutamic acid ¥Fo]l 18.17%, prolineo] 13.17%E ¥ gton,
serine 2.17%, glycine 1.63%% YA EAHt} Aspartic acidE 9.00%,
lysine< 8.80%, leucine 9.14%, methionine 2.18% 2 &A=t} Ball mill
28 $2E A glutamic acid o] 9.89%, prolineo] 880%% &gk,
2o histidine 1.43%, methionine 0.70%2 ®*& EAXE B Yt} Leucine
7.16%, lysine 7.17%, valine 6.89%, arginine 6.78%, glycine 6.65%, serine
658%= EAH FHALIE o€ ol dEHe BYt $ERE D=
HEtgel A ofmitsidoe] tas LEAYE MG $EREY FE
o] glutamic acid, proline, aspartic acid, valine, leucine, arginine® Z7}g
dtH o] histidine, lysine®] ddlF o2 Az = o AFE Hed
TEAYT FEES 2 F 2ANA autoclaveX ZE 37] WY LEAY
B g oinx=4td vl B, dFE9 opn|ite] WwaE A o3
o] ZAA2E RE ¢4 Urvt. E3] arginine, serine, threonine, valine,
tyrosine, glycine &3] ZA 4 o, Folvmeit §FS vz 2d 2
EagBEd $EFEo] 8771%, L& $EEo] T461%E LE] A
13.1%v Fotvl=4te] ZAFHASE ¢ + Ath

Table 182 AlZAIRE F4% o AEFAA LF3AY 70T g
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T (faeces)T 9 oty #FE £48 Aol Q2T AAITE o}
Ax=ito]l ol AU o]&sAN 974%%r BFoz widgd HlE A,
EHASEEL 3335%, LEIAYPHF S5 Ho] 3741%, daenn=
Aol 2488% U £F 22 AT $EEZFANN LESLREIATY B3
otFl:mito] Aoz wrte 2L AU olggo] EoE AL v
gt

Table 21& AN@ARY olvly} £348E& FAH a0t zT7 7}
AN FH AFrrge] Zzte] opnwd 2858 BF 92% oA H HlE
A EASEE TF AEAEY olvxAle glycine 6862%, serine 72.46%,
arginine 76.64%, alanine 77.42% % 7}AAFol vljA vl wF 3 ol
methionine, tyrosine, lysine, histidine T 90% o]4¢ 43188 gy

eEAYR HY $EE FF AYARY obuly FIFE 24 $EE

et

F AEALES AR A RS B O serined glycined] 7 $-o 809% o3}
8 238E Yedn TESEE F§ APAEY olnjxit 288L 9
Edr YT SEETS ANPAEY ofuiite] nisjA Astgo] AR
2 ¢ 5 A F, Folx4 £31eL vus BYE HENE SRR
90.02% = SEAYE AT SLEE FF ANFARY olvxiisg
86.26%°N B3 EThE AL 45 Yt lysined AT RE olmi 23}
o] =t

Table 22& $-2& AA 9 ojriil 4£38¢ AME Aol gz

g E FHAIde) 20% FhHH ey $EETE A 10%s &

T 10%=2 F 99d Fd9 50% g $REOCE EZVE Y] G
A, N@Arge] ojuxit 423EL $EEF FAAL 111Z FIHN Y&
Agolnz $EE AA L oinjxierS U] HaAME A Aadser

"ot dEEWY, aspartic acid?] F$E EolEz A FE APAaE

1
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aspartic acid?] A3&& 96.09%= FAHAPAT EH-EE FF NFAET
aspartic acid®] £3-&& 8659%E SAHAT. EE FIAIJYT aspartic acids
& 96.09%E BASEEFAME 50%T FHAQIoZRE 2 Ao=mz
96.09 X 50% = 48.05 %7} FHAQ ofv]:At &b sjFET WM 24
SRR AL olm A4S 8659 - 48.05 = 3854 % <UH ol&E £
SR E 50%% ¢ aspartic acid 23-&0]7] H&Eo 100% A= A F
oF @t} gko] 77.08%%2 Holt &F &3 EIASTEE AAQ aspartic
acid®] 23&°] 77.08%# Toltk. umzA JiAY oimxit AZeE ZE
Byoez ALs WAt

Table 23914+ autoclave &3 $EE A9 olvxil £35&E 7|

=

2E A

2

o otmxAt ¥2 EFAF AREo|H, Table 24i¥ & LEHHFY
A Azolry, AL

flo

9] olmxit 4£3&E VNS olHixil EHE
Table 229} &3ttt

Table 282 ¥4 $EZ A, LFIHE AP $EE AA, TEA

e

2R AAY A oluld 238S FAE ZAFHE I 2E AR

histidine 89.88%, lysine 86.46%, tyrosine 84.02%% 80% °|’&<1d] H] 3}
serine 4856%, glycine 44.62%, alanine 59.84%, arginine 57.30%24 60%
olate] £8&< Ued oluxidx Btk LEIHRE AT $RES
obul Al 28189 ASdE EHFEEY A Btk i AARoY, 94
serined 60.14%, glycine® 54.12%, alanine 66.24%, arginined 65.14%%
e oinlase] A3gd HdA AAoE e FAAT. Y o
g ojujiite] ASoE EHASEZED vEAdE &3&c] IA AHE 4
=

A A28ge ALoX%E serine 78.18%, glycine
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65.52%, valine 79.84%, arginine 76.86% % AUldoz Yo x38L wBY
At ol olual 4281 A LEIYE XYY $RE e I

A AL S & 5 U
LEAYE FEEY ofnicdt £38L lysined histidine? AYstnE A
ofplmAtel X 2EIYE M $ERY ol A3E BT =AA AAM
At F, B $EEY o= PF 2L T171%, LEIHE A
EE9 ofvj:t B 23&E 7572%, 98 B4

FE G #% FEE 2d $E AL 85-00%= Aoz 74
Hol 3 53 olmxit #F¥o] o]Fo] XYl methionine, lysine,
histidine, tryptophan %°] ¥ %% 31,952 WAL 23 o]&go] =3 o}
ojzle]l AEIIAE WolEde g Hu Yok (7, 1989). = A
9] 72E BW B-helix® FASE FEol=F e 4 A Q34
T 99E ¥ °]&& tiA disulfide bonddl 93t Mz AFE o
Al g o] moyA gl7] W& Ea, ggHom kAol Za 43
Z1BWl A g o A £87t Fx e 2y $EE 142-153C
(40-60 psi)oll A 30-60 3t 7t rgsd

He

hydrogen bondt && disulfidebond = 44 a5 ¥lma 7+as e
ol=Z HW o] Fgol dHA o] &gl FIHETHESIT 1989). £ AYe)
A LEAYRAHY TE Mg oA olnixile A58 FAE AR
T End 71Fd g Aoz B a#y olvxit 28 gd B
Td Bae A flojA BEAFAA & A9 AY Hlm #§ £ 44
53 Bl He A¥4E $EYEE BEUE A EHHE 9 ofnwat

e

e
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o] 8&o] TL71%E EoHATHE AMdolth. olHel el do2E AL
T Earh o At

Table 29 $E¥9] 71484 o}lv| =4} (digestible amino acid) ¥ ZFeltt.
e otulide SE2ES A otvixgt FFelnt A olvmite] &
&g F:MA AL
FHAQe T 74 opv At FFL 9681% Foeu , £ $RES HA
7bAa8t olm Al FEEe 60.32%, LEIIYE AEF SEES HT 7tiF
opm| At FTL 64.18%, LE FEE HTE stag oluixdl FIFL
6269% %2 AR LR FEFY Ffd £8e0 EIAdE BT 3B
F 7tAs) oluiit FFo] ¥ ol HE SEE AAY F oolvxi F
o] 7T461%2A, EHA$REE] F olujxit o] 8741%Y LEIHE A
g SREY opnjxi FF 87.71%0 vlHAA AdFez ded Jjddd

2+ At

A8Hog $EEL Ed(bal miDE AU LEIHE AHFAY
AEAHE FdA 2388 AA AF £ U AT #FFHI e ¢
RS AL EF 2EIHRE A} $FEREAH EARAME LEIHE
AYs SEE ojn it 2388L 7572% U vt A HEALAG ¢E
B9 olnite] 4£3&L 8367%E A MAE AHE AU
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H 4T AojctiiA JisM HE

A1d A A

a8teo]l 7 ¥ YRE  bal millz vlASHA EHste Az SRES
AH 7EXY NF2ASL EFEA HoldwAe N5AHE FEINYY @
ZHEAEFYL 2AA AXRAAE GRdAY QAFLE S HAESFIA
A s

A2d Az L2

1. Dietary food Az
2 Adel sleiMe Hold vilde HEE 3t 2880 ¥e 4w
% ball millZ "AsHA B8 $EES o8 719 JF2AY EFS 3
o HolgdWde ZeAdE HEHFATD. Ui AHE" d28e 4%

95%Z dtiL 25%9F 5% FFAA e iR, dzd duy e 2 A

]

N

2dd FEEE HUstd Al 13 ARE SAHE 1)

Table 1. Formula of dietary food(lst phase)

A B C D E F
Rice P, 95 95 95 95 95 95
Feather P, 5 2.5 2.5 - - -
Fried soybean P, - 2.5 - ] 2.5 -
Dried beef P, - - 2.5 - 2.5 5
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22bd 7k o] A2RE EUE gd &3 o A8l *L Ball
mill HEd $EEL toloE JFoze S BEAANE 39 HE
st olw 371X FHz Bsuon o gl B2 B3 Y N4 8 2
o olu BEAA 89 0Pz ANFYT BEHAE E 69 o] A
A stgtt.

Table 2. Formula of dietary food using potato powder(2nd phase)

t
reatments| sl a34 | 226 | 910 | 505| 767| 190 | 280 | 730 | 668
Items
Potato P. 950 900 | 950 | 900 | 950 900| 950 | 900 | 950 | 900
Feather P, 50/100] 25| 50| 25! sO| - | - |- |-
Fried soybean P, - -1 2561 50 - - 50 {100 - | -
Dried beef P. - - - - 25 50! - - 50 | 100

Table 3. Formula of dietary food using buckwheat powder(2nd phase)

t
Lreatments| ool s78| 606! 715 | 482 | 917 | 380| 839 | 526 [150
Items
Buckwheat P, 950| 900| 950|900 | 950 | 900 | 950 | 900 | 950 {900
Feather P. 50 100] 25 | 50| 25| 50| - | - | - | -
Fried soybean P. - - 25 50 | - - 50| 100 - -
Dried beef P. -1 - - - 25 50 - - 50 (100
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Table 4. Formula of dietary food using rice powder(2nd phase)

Treatment

(Z8EOMS 301 | 569 | 638| 109| 247 | 253 | 316 | 966 | 459 | 647
Items
Rice P. 950 | 900 | 950 900|950 | 900 | 950 | 900 | 950 | 900
Feather P. 50 | 100 25 50| 25 50 - - -] -
Fried soybean P, - - 25 50| - - 50 | 100 - -
Dried beef P, N 250 50| - |- |50 |100

2. Dietary 2=A1R] Az Alg

b AAA AF

Ball millZ2 49 98 $5E 7[R 32 LAAE AZRsAT) olw ujdy)

fr

A3
&

ML
flo

&
T

BN

227, 99, #5394, M5 e 2 288 2AA0

E 59 Zojsta AxFAL ¥ 13 o] o A=A 2AA A

Table 3. Formula of dietary sausage with feather mill (unit : %)
Tratment
Materials

0% 5% 10% 15% 20%

Lean meat 58.7 53.8 48.9 44.0 39.1
Lard 19.6 19.6 19.6 19.6 19.6
Water 19.6 23.2 26.9 30.6 34.3
Feather meal 0.0 1.2 2.4 3.6 4.8
Mixed spice 2.2 2.2 2.2 2.2 2.2
Total 100 100 100 100 100
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Table 5.

25 AAE

YA}t 1998. . 4

ex) AFLH
1 2 3 4 5 6 7 8 9
o) $-Lpmir) BEo|g > Ti¢-Fo
569 109 253 966 647
N #
sok
at
Vik-A

Wets] ZAgIT
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Pork
Lean meat
Chopping 2 times
fat, ice water
feather meal, mixed
spice
Emulsifying
Stuffing
Cooking for 30min at 65T
Cooling
Storage at 5TC

Fig 1. Procedure of sausage manufacturing

1) &8

AAR AN8E FHt d¥d FFE kjeldahlE AHE3Hd]
=4 TUANEE  04-05g8 F3std  AOAC(1980)9]  pepsin
digestibility Z3%H-& ©]-83l9 02%9 pepsin &4g 150ml 7}sl9) 45T
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shaking water batholAl 16A17F Z¥HEgch, afty HAEo A4 w7t
w28ttt o 3(whatman Nod)¥# ¥ A#X 9 A &8& &4 60T ovendl
AZF F kiedahlE AHE3SIY dol gle @¥d L EAstd ofzjel A
Holl oA pepsin £23H&& A4SIH T Pepsin A A Alge AW FEE
AAsS & zAsA AAEAT

pepsin A& A pepsin X &%

protein® (%) - protein® FH(%)

Pepsin £3}&(%) = x 100
pepsin * 8 A protein (%)

2) 7tEsE
HEFEL 2AA AZ F FAE FAHsL 66CAA 08D 7HEE F

748 A£AAY casing® BWAWT Casingol HAZD &2AAS FAS
casing®] FA& FAs HE4F& e Adsg

3 A9

AA A o] ML M)A (color difference meter, model No 6001V, Yasuda
Seika Co., Japan)& Al&3le A3 At old FFHAS L = 892, a =
0921, b = 0.782 AT

4) =33z

A2ARA Y ZAZ &AL AT FAZ HAI ¥ Texture analyzer
(stable micro system Ltd, UK)Z A}83te TPA(Texture profile analsis)
test® AAISPT. oMo AL E 63 Tow §9 HIAHA JAH

zZA 7 23 A texture profile ¥ 29 Zr.
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Table 6. Texture measuring condition for TPA of sausage

o Test speed 1.0mm/s
. Pre test speed 5.0mm/s
. Post test speed 10mm/s
0 Sample area 506mm
o Probe diameter 25.4mm
o Distance 50%
o Time 2.0s
A,

= Cohesiveness
. ‘
# o} 9] ¥ ~hardness

Chewiness=hardneas X springiness
X cohesiveness

({)n&

A el {cm) springiness

Typical texture profile curve of meat products

’

A4 4 71ZEEE FABIGY ks 93 o2 g ot
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FYA R & ¢RE 2YRd HrA AT WiAe AAH oo

gaA  wWAsel 3sle] AH ANGFYew
B7tadsol BstA

Table 7
T A AR

YA} : 1998,

ex) AU

13 H7HA 1584 9

849 -

ol - Lpm e} BEolh

362 109 235

875 432
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A34dd 4% 92 uF

1. Dietary food A% ¢ 7}54
B g AdolME Aol uwde FEES 5o Astgo] 2L AR
Z ball millZ vjAsA EHE $2EL o8 7R 9 AFLA 2L &

o HolgdHde steAde AESUT. drld A4d YREL #EE
95%= 8til 25%% 5% FEAA H& TUF, dzd dur st 2 Az

248 $EEE Aol AZE FUHE D. 1 2% AzE 2887
#5744 2HE E 8% 2o AsgdME AN wmde] ¥ty A
d7E0] e FUWoy AZY Huost Soigk ARG 2380 BA U
B wud g3 2XT 2501 € Ho) AU 299 94 9= AL
Q4 AT EF 1089 BEadd s WY A3 #AT Y17 &
Gt ARzt A AA UEHRAT SRio] Y AE ARPL e
9 oH1gol HI 309%7HA shol GEhA 2ot Hojumdze Ede 2
23 AN Fx gl

Table 8. Comparison of pepsin digestibility of dietary food

A B C D E F
Pepsin 65.28+ |{65.35+ | 70.57+ | 80.41% | 79.38+ | 91.47+
digestibility 2.83 7.03 2.89 2.30 6.13 6.29

Y 20% |Y:10% [Y: 30% |Y: 0% [|Y: 30% {Y: 10%
Y/N: 30% |Y/N: 30% [Y/N: 20% [Y/N: 30% [Y/N: 50% [Y/N: 20%
N:50% IN:60% |N:50% [N: 70% IN: 20% N : 70%

Sensory

evaluation
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gololE AEene AsAe 1ANY 27 £83 AN} HYenz 2
ANGAHE Lol 2 AEF bal millz wAsA 2H8 SRR
A2 7HAe AExAYG THE S AouwAe s4e AEHAT.
q7le] AHEE Y9EES AVE, dEUtE 2 B ZAVMFE B%RE I
25%% 5% oA HE& FVHE, 1xE 437 7} 2 A4z £4€ =2
22 Arlee) AZE GUAHE 2, £ 3L E 4. 1 A% AZES B%
W ABE £ O, E 102 E 1% 2T

AR E FALE sl AZY F9 B3 2% F AYT 2F 4
ZAA A7t Ao AYARAASL Az 437 A ke
A FEe A% WA, % R ISEdA 25 $A 4e 23E dehisd
(0<005). ZAE FUEE 5ol AzY 29 BEAA 2 FA 0%, $2
¥ 5% 2 FHT 5% AZE S¢ ATt %, WA B ABEWS oA
74 $4¢ A%e YA

MU e FAEsd AZg 29 A 2 2 AYT 2E 4
Bl A Rol7k ATk Ty WA, B R BN Hx717%5 Wk
A7 482, 017, 526 ¥ 150 AT BA @& FAE uehien
(p<005) T@Wo] HrhE ATFE] WA, X R AEEDAN $55A U
BgAu $EPo Frhd ATt felAs dehia @t

27128 2982 5 AZE 29 V5PN AT AT 9 ALAT
2 Az g AP 28 A2 JA=E FAAE HALH(p<0.05) &7HF 90%
9 $EE 10% ATt A% $5aRT. @R QolHE R
e RGP SEsTe AFe dehiRes Hn7] A% A A=
ZAE A WA, % R JEEEAN Ymoe Be vt J5E
QANE SRR 5% % T/HF 5%7F A7HE Aol AR $5ETE A%E

YER ST
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Table 9. Comparison of sensory evaluation of  dietary

food using potato

powder
Items .
,1. Colour Flavor Taste Acceptability
Samples P
145 4.7 43" 4.1* 3.8
226 5.2 4.5 4.0% 3.9
505 5.2 4.0% 4.4* 3,87
190 4.7 4.9° 4, goe 4, 2™
730 4.3 3.3 2.8° 2.7
334 4.6 4,8 4,8 4,17
910 5.3 5.7° 5.5" 5.1°
767 5.2 4.3 4.1% 3, g™
280 5.3 5.3% 5.3° 4. 7"
668 3.7 3.2 3.1 3.1¢

Means with the same letters in the column are not significantly different

at 5% level.

— 125 —




Table 10. Comparison of sensory evaluation of dietary food using

buckwheat powder

Items
Sampics Colour Flavor Taste Acceptability
460 6.4 5.3% 4.9 5.3™
606 6.3 5.3% 5.7 5.8%
482 6.1 4.0° 5.7% 5.1
380 6.1 6.1 6.2 6.2
526 5.6 4.1° 4.9° 4.7
578 5.4 4,7% 4,5% 4.5
715 | 5.4 5.4% 5.2% 5.3%
917 4.8 3.9° 5,2% 4,8%
839 5.7 6.2° 5 7% 5.7
150 4.5 3.7 5.0% 4.4

Means with the same letters in the column are not significantly different

at 5% level.
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Table 11. Comparison of sensory evaluation of dietary food using rice

. powder
Items
semples Colour Flavor Taste Acceptability
301 6.7% 5.8° 5.3%" 5.0™
638 6.9 5.9° 6.2* 6.1°
247 5.9% 5.1% 6.3 6.0*
316 6.8™ 5.6 5.6 5,5%°
459 5.0 4.5% 4.9% 4. 7%
569 7.1° 5.8" 6.0™* 5.8%°
109 6.7% 5. 7% 6.1% 6.3°
253 5.8™ 3.9%¢ 5.1 4.7%
966 6.8" 5.2% 5.3% 5.4%°
647 4.3 3.1° 4.7° ' 3.9°

Means with the same letters in the column are not significantly different

at 5% level.
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Table 12. Comparison of chemical composition and pepsin digestibility

of dietary food using various powder unit : %
Samples | Moisture Protein Pepsin

digestibility

334 89.1%0.41 2.05£0.07 55.21+2, 67

910 88.5+0.64 | 1.70%0.08 65.99+3, 81

Potato 767 89.4%+0,15 | 1.69+0.01 69.96+0.86
’ 280 89.4+0.79 1.14+0.06 75.58+4. 37

668 89.8%1.65 1,70+0.13 84, 78%3.65

578 90,9+0.28 1.9610. 07 52.29+2.44

715 91.0£0.74 1.80+0.01 64.85£0.55

Buckwheat 917 91.7£0.08 1.64%0.01 64,21%1,56
839 90.5%0,38. 1.53%+0.00 81.60%4.83

150 91.3%0.34 1.68%0.05 80.30+4,06

569 91.3%0.02 1.33+0.05 41,30+£1,37

109 91.4%0.11. 1.10+0.02 59.91%2.10

Rice 253 90.9%0.07 1.34%+0.01 61.65+4,76
966 91.3%0.04 0.94£0.07 68.47+£2.29

647 | 91.6%0.17 1.21+0.06 56.87+1.28

T3 2 RYRE EFEY AxE S JELF £ 2888 E 129 4
Bt 2 2% 52 2L 993 FF9 Q014 FATA B Felst 9
Jovt FEFFG QojH #A FrF 3 BIFE HAH 2FEdM=
AAst W 2 A7TANE $EEC FAHA gee Rel Y wA UE
wroh 7HE w@A dehd #@obre Z2Rst $EE 100% F7ETOE B A dEd
gud gFe iAW Aol F57t HAYel dietary AFLE e S

oE 29qFAT
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2. Dietary 2A1A] AxAE

Az 2AA Y g ES AHEy ¥ 139 2o FESZY ol
o wak 2534 Zole YAL HAAHOZ 6658-6885%< HWHE UYL
oh ES g9l g3 e 1282-14.78%9 WAE AT FAAME 1581-
2058% WHE BEL 150-1.689 WHE VPR EF £AA A=A
7FET&(E 149 ddAe dRF7t 886%Ae Z4 HJF o 9o
Ae Zol7t A JERRT 20% SR Pl T 97.86%E BAH Aolrt
AHp<0.05). E 15&5 $+EEC] TEE2 Hslstq AP £AA9 25&
€ YEd Aoz dgzTo 43&E 9883% o ’37}%°ﬂ met o 4%
€& Z42E 39 5%F/TI 965.83%, 10%A 777 86.72%, 15% 7M7)
82.28% R 20% H T T413%E HIIFol Fr4gd wE Agge i
st Aol o] dietary £AAZA Y JHeAE $FW EAFUC. ol
FEEo] H7tE 2AA 9 YE(F 16)9A4 lightnessol A 0% < 20% ol A+
= ZolZk UTh 5% WA TFIF 69712 M wol Ao oFL M
Ha o & 4 Uk 98 rednessolME iR F7F 549, 5% ATt

fl

4948 FAA Aol filoy 10% ol diA TN E 5% #9271 Ve
Wt Z2AZHE 17D A E springiness, gumminness, cohosiveness,

hardness ¥ chewiness Z+ 359 Al feather meal WA 8o] BE4E 7435

rr

BE¥E EATHE<0.05). FFAAHE 18)dAE AYgd JoAME zT
S} 5%H7b7E Alrt ATk 28y 10% ol tiAlTe 2z thA T
A 5%9 FelxE RATh Thel M E 5%9 455 9 10%T79 47302
Apol7h iy dixT9 673 Btk @A ekt A7 R 7EEdA
Zt AL FAME Z2FHE JERAT 10% A 2AX @il gk o)
3 10%7HA] oA TS AAY 4 AA
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Table 13. Chemical composition of dietary sausage

%

-Treatment Moisture C. protein C. fat Ash
0% 67.14+0.09% | 13.43+0.23° | 17.4£0.07° | 1.63%0.03™
5% 66.59+0.31° | 12.9910,30° | 20.58+2.84" | 1.58+0.01°
10% 66.95+0.12° | 12.82+0.03° | 18.33+0.70* | 1.69+£0, 06
15% 68.85+0.24% | 13.4£0.05° 15.91+0.42° | 1,500, 03°
20% 67.631+2.04™ | 14.78+0.07" | 16.60+0.31° | 1.51%0.03°
Table 14. Cooking vield of processed sausage with feather meal
0% 5% 10% 15% 20%
Cooking 98.86 - 98.98+ 98.64+ 98.56+ 97.86+
yield(%) 0.72° 0.68° 0.66* 0.62® 0.63°
’I‘ablé 15. Pepsin digestibility of dietary sausage
%
0% 5% 10% 15% 20%
Pepsin 98.88+ 95,93+ 85.72% 82.29+ 74.13+
digestibility(%)| 1.12° 1.09° 2.56" 7.03" 8.57°
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Table 16. Color of processed sausage with feather meal using color

difference meter

Treatment |Lightness(L value) | Redness{a value) |Yellowness(b value)
0% 72.48+0.77° 5.49+0,89° 12.36+0.99°
5% 69.71£0.75° 4,94+0. 717 11.99+0.92°
10% 71.12+0.31° 3.45+0.78° 12.24+0.93°
15% 71. 490, 60° 3.17+£0.56" 13.43+0.67°
20% 72.43%1.17° 0.19+0. 54° 15.51+0. 87"

Table 17. Texture analysis of processed sausage with feather meal

Treatment | spinginess | gumminess | cohesiveness | hardness | chewiness

0% 0.912% 1022. 1+ 0.475% 2151.0% 931.7%

0.021° 51.6% 0.007" 130.1° 45.9°

5% 0.908* 767.3% 0.443% 1732.0+ 696.4+%

0.012° 47.0° |~ 0.010° 109.1° 37.3

10% 0.889* 512.3% 0.426% 1206. 2+ 456.5+

0.023° 45.5° 0.014° 135, 4° 53.4°

15% 0.823% 504.8+% 0.429+ 1177.1% 415.9%

0.038° 34.9° 0.015° 74.3° 43.2°

0.807+ 334.6x 0.391% 856.8+ 270.5%

20% b d d d d
0.050 30.0 0.010 79.4 33.6
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Table 18. Sensory evaluation of processed sausage with feather meal

Treatment Color Odor Taste Texture |Acceptability

o5 6.64% 6.73% 6.73% 7.55% 7.18%
1.43° 1.56° 1.42° 0.82° 1,25

5 6.18% 4.82+ 4.55% 4,82+ 4.86%
‘ 1.25% 1.33° 1.13° 1.54° 1.25°

Lo% 5.18% 4.18% 4.73% 3.91% 4,18+
1.40% 1.66° 1.42° 1,04 1.25%

15w 4,55+ 4,27+ 427+ 3.64% 3.73%
1.44° 1.49° 1.19" 0.67° 0.79°

o0 2.73% 3.55+ 3.27+ 2.27+ 2.36%
1.68° 1.13° 1,49° 1.35° 1.12°
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3 e EF 9TF 5 F 20F9 AY3E st #FE B9
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gdHE FDBEF 2078 99 Az A&#Q enrichment culturingl
oE }04 1 BT Fed =RIFHFLeH o)F 714 AAE growth pattern
€ X< FDBII-11¢] dis] HA =74-& 4434 H(pH7.0 at 45C).

3. 3FHEE SRENATY F4: 243 75 292 FDBEFA dis] A
#-488a A4y 2 AAE0A S 9% morphological test® A 8§ &
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lge 2aEFe Y ASEH AW AR Agw
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SUMMARY

1. Title: - Isolation and identification of feather-degrading bacteria(lst
year of research)
- Studies for industrialization of feather-degrading bacteria

isolated from soil(2nd and 3rd vear of research)

2. Objectives and importance of the research:

One of the major problems of the broiler industry of Korea has been
the feather wastes, poor digestibility of which worked as invincible
barriers in the reutilzation of the waste material for the agricultural
fertilizers or industrial resources. General approaches to solve the poor
digestibility of feather waste were the autoclaving of the Wasté feathers
and sﬁbsequent treatment by chemicals using NaOH. However, the scope
of technical application of the methods was limited due to its difficulties
in scaling-up.

Therefcre, we tried to develope new biological methods to solve the
practical problems of previous methods by isolating/identifying
feather-degrading bacteria from socil and by using them as biological
degraders of industrial feather waste. We also tried to develope practical
methods to utilize the product of biological digestion, feather mill, as

effective feed.

3. Scope of research

To accomodate research objectives stated above, the scope of this study

comprised 9 research steps.

1) Isolation of bacteria which had feather-degrading ability

2) Enhancing microbial digestibility of feathers upto the industrially
effective level

3) Identification of the bacteria
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4) Assessing the optimal condition of growth and activity production of
feather-degrading bacteria(FDB)

5) Location of keratinolytic enzyme in the bacterial cell

6) Assessing the conditions for the activity production

7) Defining molecular characteristics of keratinolytic enzymes at the
industrial level

8) Characterization of the genetic properties of the keratinolytic enzymes

9) Development of industrial procedures to digest feather wastes

4, Results and recommendations

1) Isolation of bacteria which had feather-degrading ability:

360 strains of bacteria were isolated from feather waste and soils, and
tested for their feather—-degrading ability, Among 50 strains which showed
good feather-degrading ability, 29 strains were finally selected for their
excellent feather-degrading ability.

2) Enhancing. microbial digestibility of feathers upto the industrially
effective level :

Enrichment culturing was carried out for the selected 29 strains of FDB,
and strain FDB11-11 which exhibited the most stable growth pattern in
the feather-enriched media was assessed for its optimal growth
conditions(pH7.0 at 45C)

3) Identification of the bacteria:
Selected 29 strains of FDB were identified as Alkaligenes spp. by
biochemical and physiological tests as well as morphological observation

with electron microscope.

4) Assessing the optimal condition of growth and activity production of
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feather-degrading bacteria(FDB):
The optimal condition of growth and production of keratinolytic activity of

FDB strain 11-11 was 45C in temperature, 1% in feather meal content,
and pH&.5.

5) Location of keratinolytic enzyme in the bacterial cell:

Upon SDS-PAGE of culture supernatants and its ammonium sulfate
precipitates confirmed that the enzyme was extracellularly secreted protein,
and that it was inducible by presence of feathers in the media. The
apparent molecular weight of the enzyme was calibrated between 21,000
and 31,000 dal. The enzymatic activity of the keratinase was optimal at

pHB.0, 37C. There was active serine at the active site of the enzyme.

6) Assessing the conditions for the activity production and feather meal:

Feather meal was produced by fermentation of feather waste with the
strain FDB11-11 at 45C for 9 days, digestibility of the feather meal was
assessed. The effects of concentration of the fermented feather meal and
sources of the feather meal including commercially available cnes on the

production of enzyme activity of the strain FDB11-11 were monitored.

7) Defining molecular characteristics of keratinolytic enzymes at the
industrial level:

Thermostability of partially purified keratinase from the strain FDB11-11
was remarkable; 309 of total activity survived 100C. It was stable
between pH 5.0 and 7.0, while 60% of activity remained at pH 8.0 to 9.0.
The enzyme activity was stable in ethanol, while it was very unstable in

ethyl acetate.

8) Characterization of the genetic properties of the keratinolytic enzymes:

The genetic determinant of keratinase was located on the chromosomal

— 149 —



DNA. However, 5 -CAACCGTTCCTTACGGCATTCCTC-3" which was
prepared from DNA sequence of keratinase from Bacillus licheniformis did
not produce any detectable DNA on PCR.

" 9) Development of industrial procedures to digest feather wastes:

In order to develope the optimal starter cultures for the industrial uses,
combinatorially mixed cultures of the strain FDB11-11 with the strain
FDB21-6, FDB24-1, and FDB26-1 were prepared and tested for their
feather digestibility. The best result in fermentability was obtained by the
mixed starter culture of FDB11-11 with FDB26-1.

These research results will be immediately applied in the industrial fields

as follws:

1) development of biological reagents to ferment mixed waste of feather
and other products,

2) develpment of microbial fertilizer

3) development of biological converter of feather into easily digestible
feed.
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!
o2 LAstE A% 7he T BE Af HAsta ol AEn| gl AR

o2 e EAZOZ Q3 Jdz 1009HE WA 12098 %A wHrige] 2

TEANHNE BAL fao] H1 g SR dEHHS 5
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oleldt HESTH AP TS R FEHAEQ keratin®] £ I
Z(keratinolytic protease)& H4, TR olF Ad&Este FEH Vv
ZFASE Ao 2A, dA7A] ©]2] g keratinolytic protease® E 3 dt= n1jA
€2 ¥ Bacillus, Streptomyces, Aspergillus, Ctenomyces S°] E IO
5, T Bacillus licheniformis PWD-10] £71 3% & o] 93] ¢ 29 keratin
& RHEE 5ol g RoeE Haud ¥l JtHC. M. Williams et dl,
Applied and Environmental Microbiology 56:1509-1515). ¢] Bacillus
licheniformis PWD-10] AJ4l3}+= keratinase™ membrane ultrafiltration®}
carboxymethyl cellulose ion exchange column chromatography % Sephadex
G-75 chromatographyo] <3 AAl Ho] A% 33kdal®l E4AZ FHIHAL

o, 21 amino-terminal amino acid sequenceZ2FE ¢l primerE o]-&3k
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PCR walking ol ¢J3] @7IMEE EBAE A3 Bacillus lichenifermis
NCIMBS6816°] 448l subtilisin Carlsberg®t 97%¢] A Aol s 422
A& (Xiang Lin et al, Applied and Environmental Microbiclogy
61:1469-1474). @A o] A4 E o439 dA&HoE ¢EE EHY 5+ e
11 7% 3} H (immobilization of keratinase)o] its o] A4 m th(Xiang Lin
et al., Applied and Environmental Microbiology 62:4273-4275).

A o2& keratinase AAFF] i ATE 5Y F FHAAE
g433stA A8 Fo]™, Technical University Hamburg® |+FE %ol
Streptomyces pactum B 19 714+ F Fervidobacterium pennavorans
ZRE keratolytic protease?] EHE &3 vl Ut Applied and
Environmental Microbiology 61:3705-3710, 62:2875-2882).
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A 3d dygsd 8 % 23

00

A1d AFYe
1. 2R ATe A

7}. Basal media(BM)e] FH): $RESHATF 2aE 98 NHC 05 g/l,

NaCl 05 g/1, Kz2HPOs 04 g/l, MgCls - 6H20 0.1 g/l, yeast extract 0.1 g/l

agar 20 g/19] BM& Azl A4

1. Feather preparation: ZHFF+2 AIHE $LR2E bal-miling =

hammer-milling & ¥ 121Coll A 15 psi¥ 20% 7t autoclaving®dted AFE3HY

o}

o $EE fY 22908 g $EEHANTY AN Basal mediumol &

Tg feather powder® T U&A EF} F o] agar plated] FAER E&

FEE JHAdo 2R Jde FF L =TS I8 =2A sdA 25T, 3

7C, 50CE 24X 7oA 48A1%F vl ¥d & Clear zoneS BAdE T+ §&

ez Fsar

2. S-EEHET 8L A% ATy HE 4%

b 1A fFETORE B FFd gid o2 $REHSe 3 24

3 71 SREHNTS FAANZ £ dE WY 2AL G435
T

7C, 37C, 80

JP

0_]—

A 2

2 7le} 8 2XdA9 growth pattern® 29} AT
Sl

A4S $REHT] B4, A3 L 2A) wiHgAMe FRES T #A
ZAek o

U £5EHE SEEINTE 10 ml9 basal mediumo] AFEH $EEI A
719l HHzAA Z7] EFd F 4G BEdsol g9d F#FE 2ysly
LS SRS HE 7 HZd d8 Zx ANEHY ZUE A
=& H .

3. 3F e SEEAATY FF:
d719 2 SANM HF AddE FEEHT

filo

ey BE % AR/

i IR R W4 =~
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Agsty EAL Agdld 1 Z#E Bergy's manual of systematic
bacteriologyl <Ase EXFozN TFE FAHIAT.

A a2 A% 4554 Y

Ao

4, %

7b % 259 A% BHEAL dF

- 1628 $57F F /Mg $EEH T Hold FDBI1-11 #5 9| keratina
se AAE 9% A% A 214 AAHEH] Astg A= o8 25257, 3
7°C, 45°C)sk pH(65, 75, 85) 27 ol A9 activity® A8 h |
b 5 B3 e 54 4T

- FDB11-11¢] ¥} FEAF & A7) $18te 13 71X protein( feather, feat
hermeal, commercial feather meal, casein)& ®Z|o] A7t £F FDBI11-11
< HF s 8Y T<t Al 71 H A Cell density(CFU/mD<] ¥ 3}, pHe
W8, 123 keratinase activity®) W& ZAHsth

- e wyoz o8 714 carbon¥} nitrogen sourced] activityo] Wigt |
249 pAoE 2FAU.

AurgFo Azd Bard S48 A

7t Agd BHELY &4 #U

- A Baare 2AE FAsr] A3td FDBII-11#F& X3¢ 157)
#7 zzd oA dFde AeF AHEY fitering® Fohel culture
supernatants® @3, I 10mlI¥ & test tubed] W3 BT H single feather
g YolFF 547t Mg A activityE FA s

- FDBIl1-11¢] A4t8lE keratinase®] &AE U387 943k cell culture
supernatants& ammoniumsulfate(90%) = HAAANAA SDS - PAGEE &%
=3

- keratinase 7} featherel €13} induction & 2| @olH 7193t feather 7}
59 wA} FFHR & vl A FDB11-11& ZZF Wil e 2
e oz A7FEsY proteing] XolE FAsHA

m4

o

O

1}, Aty 2 aae] #8483 (activity by ammoniumsulfate fractionation)
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- cell culture supernatant 100ml& ¥ ¢4 ammonium sulfate (75% saturation cut)
2 9ude A4 F 948G 958 YAES 0ml IF FHFA 59 4
g ge oz AFerh

t}, FDB11-11 #5F7} A&  keratinase ¢ # A activity condition test

- FDB11-11 #%7} A48 keratinase ¢ # 3 activity conditiong &7 &
71 $18tod cell culture supernatantE® Aol A ztzt pHE 69410744 28 x
S5 E 15TAA 60CE FE3Y incubationd F activitys] WHIE 3
k.

#. o2} 7}A] solvents, detergents 2 reducing ‘agents’} keratinase®] activit
yll mlXe 9%

- solvent® Z+Z} 1%, 5% & H7tslE F A ¥ 1, detergent R reducing
agent= 0.1%, 05%, 1%& #H7Ig & 45Tl A 547 st £ activity 9
HA3E gelste.

o}, PMSF9| 9% #H7F

- protease inhibitor¢! PMSFE Z+2} 10, 50gm, 100/m, 200im, 300im, 400imo] = )
H78l& & keratinase activitys] W3lE #<lstgi).

6. LESEE Y

b FFA 1XE 7€ 2] feathermeal ¢ L& 43

A A 7139 o2 7FA feather meal(A, B, C, D, E)3 &4 % feather
& ZobA TLE sample(F)& 7HX2(10% w/v) 5TAA 642 vl FshaiA
Z}7Z+9] cell populatione] #3848} activity®] W& #Es A

- 2 HHO R featherd] ¥& 10%o0H 25%2 E& F 38U widstH
22 activity® cell populationg &<t

N

ol

g oA 132 71T E sample®] W] BT B A activity
~ 7z+zhe] sample-g cell culture supernatantsell 5%7F S A A7telE F 5Y
7t 45Col Al incubationAlZl F activityE A .
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t. FDB-strain?] && +% Az &%

~ FDB-strain®] AAH 22 A4EZoA ¢8€ & U= 7A€ B8] Hed
feather 1g9l 152 FDBY cell culture 10ml & & 4o} F ¥ 89zt H%*?f}f’] 12
1CAA 2087 autoclaved ¥ 1 featherg 30ml9 F7 Lil

ZA3A

2}, FDB11-11& o] 23 featherd o 2& 43

- Y FO 2 featherE LEAF7] 918to 4 FDBI11-119 cell culture® 1
{ujFate) Fnlatqieh 149 wjkdo] Ro] X34 feather 2kgs Z 4
olF & 45TColA 99U v¥st] HEAZ F autoclaved F AR3H &
38 AgEAL dFAEMNLATYY FFATHANA AP A

7. FEEHELY A EAEAL A

N FHE HF YAzAdA FDBl1-11¢] Aidde SEZEHEL
2342 P gel filtration column chromatographyel €3] FEAA
33 ol5 FEAAEAY pH, &, &l AdAALE wHEA AU
=d5E 98 270 43T EASHE Fotd

8 SEEHELY FHASAH A

Fervidobacterium 7199 4434 $EEHEL9 Bacillus 7199 $2E
Fare oFxd ANd F FHAA GVIMEEREH REFRIAAEA
(heterologous gene probe)E {Aistn o|& o] &34 FDBIl1-11 #F9 &
AAzRE Y $RBEHELY FAAE A%y 2 FAH BEH 73T
o2N Ads AAo F4F FHH AFEFE SAsA

9. Az A AW
2R Ee] Z2W g7 Ave L 29A AT ARE V2= #
SRS ¥4 L REFAZLC I8 $EEH FHL AA T
AXNA AL
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A2ddT 2%
L SRR AEe] By

7}. sampling F29 XA 9 sampling

- TRTRY FAZE FHEY FAHNE HAH A 2 $2 EHAHE
NEo 2 SEEHATY EA4 7Heol /MR 2L Ao BuHE F Fa
ERYH 4A W7 E XY EG D dA A TR FHE AEE A
At Aot

i

- sampling & 2HA] FtE oA FAFAN EY, liquid samples)
2)
E2AA FE =A2H FAZAN EG AH

SRR AZ 2UE A% A< B4 2 BEs
- FEEH AT EEE AT AHANASEREE A FYS @29 2
dquAdez AEA e HAwA)Y 2AHS 4T A o e )
A7 AW A2 AEEH A
In 1 liter of water, NH4Cl: 0.5g, NaCL: 0.5g, KH:PO4 0.3g, MgCly6
Hz0: 0.1g, yeast extract: 0.1g, feather: 5g, agar: 20g, pH adjusted in
to 7.5 before 20 min’s autoclave
- 2 FRAIEL AR (EIARAR, £1A FHE 2A)e2RY 6C
10 minZt HixE $FEE FFLo} ol& B AT F 39 B¢ 4F A
ZAZ OF cutter2 ZA ZHE F vhdste AREEA T
- $REH AT EIE wAE autoclaver] $E2 ¥H B E ¢ 27y B
EE A% clear zoned] A R #do] AXA Fof a<lo] HYeon, o
£ SEI7] H3ld $EE dE AFF F ol i AT broth mediad)
%

$AT 5 AA JeiolA M PHe nL-A AT

o 2 B3 Aoy 23
1) single colonyZ2#E ] &&): FAHINE HXFe EF % dHs-2iy £
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EEAAEES B8] A, EFS BF g dEFHTA EHE ¥ 2
AAEE B4, 28z AF(GA) ANEY S 2 AAE 48 9Yo=2
st 4z A g A S B wiRAe m@ete] Zz 259 37CAA @
&3 Mgt single colnyE RHEI °|2FH clear zone ¥4 colonyE &
gaa stgdoy JE59 colony’t FAHHAS N E(Table 1), clear zoned|
shete] A BT - |
2) enriched culture2# ¥ 8] $EEAAZTS ge): Ligsl ARg 192 9
ANA(LE F7% $27F THY)) FEe] $REHATFE £ v)
% (dominative incubation)& # =% F 7}F 3-—_} TE-" 33 1\1§.i—r—Ev1'
single colony isolation® W& 7} colonyE ELF AAEAGH &4 A
NFFoen s FREHATH 5‘-%—7—3 s H ok (Fig. 13=2). 2 2%
£ e 2o

- 37C, 45Col A1 9] 1st enrichment (5 days’ incubation) 23} 45Ce

A9 FY/EF MEZL 7P 23 A %‘i‘—l%}?ﬁ‘:},‘

- u:}a‘rx{?‘s]-?—__]_/i%‘t A &9 1st enrichment culture® 28§ 1]x] 9
spreading sl FA = colony § 360712 2z} 10ml broth culture
of Wisted 2 £dFS BT

(Table 2). '

-0 ]‘a‘ 50787t & E-w-ﬁﬂ s8-& B4 o]& FDB(feather-degr
ading bactena)r strain® 2 WHE I stock cultured FHIH F 7

@Fds 2o Madge NPE B7 Table 3 % Table 40
2Fd vt Fo] W $5F HF 3TF, $F 17EF, FI 9F
FE TEE T ANLH ol 297 Z3E 443 7HsAol Ax
AgdAerz AAsoh

A% 2L 9 AT HeAY

M

2. 8

. emBase H7 27 SA(LE, pH): 507) FDB ZFo) sl H1 &
9 HA pH BAE 9% AF A3} 25C, 37C, 45C F 4507} M $E
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Zalso] 2 ACE, pHE 70920 4 Y L AW 2AY Ao B
H At (Table 5 ¥ Table 6, FDB11-112] ¥4 A3 #F=x).

3. $29 AATY Fed HE SEEHIAY

$-XE 2tz 121°C 204, 100T 308 283 60TCoA 3087 E4x8E

}EF FDBLI-11TFE HETANEE 797 olF3HEA activity, pH 283 ¢

ell population®] ¥3E FZA3 T A¥A7 60CEYE 100C, 100C R}

= 121 Cel A autoclave 3 57} activtyZF A YEFStH(Table 7). ¢ 22

2HE g2 222 EAFE AE Aol $EY ZFE S FAA 79
=

4. HF Add $rEd AH9 54

- @A 5070 EEE-2lE FDB T tis] 71222 cell morphology, A& A
e B4 R 28 54 4¥S AN AR F FAH 18 AHAE Ta
ble 8ol &k uheo} Zgir

- S olE #F9 WY 5L Table 9(FDB5-6/8-49 %) 2 Fig. 2-1,
2-20] =A | vk} Zol HAA pH 7 B4 & 20

- APIS0 systemol] 93t FAL 29 217 22042 Zo] WY media pHO
d715t2 J3) LEAF] #do] v ZAE A reliabilityd] KEAC) Q&
RO ZE A=At

colE 712 AESG HAAEN A #E(Fig. 3 Fx)d g3 A ols #FE
B Alkaligenes spp.?l R22 g Aot
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Table 1. Screening result of feather-degrading bacteria from

poultry wastes

Soil sample of poultry Aqueous extract sample
waste spot of poultry waste
25C 37C 25T 37C
107 407 276 TNTC TNTC
107 11 7 TNTC 388
10° 0 0 45 25
10° 0 0 1 2
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Fig. 1: Flow diagram of feather-degrading bacteria

e

YAHHS, = EUY MNB

|
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2nd enrichment/S 225
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Table 2. Feather-proteolytic activity of bacteria isolated from

soils of Ha-il region.

strain | activity | strain | activity | strain | activity | strain | activity

1-1 ++ 3-7 + 6-1 ++ 8-7 -
1-2 - 3-8 ~ 6-2 - 8-8 +
1-3 + 3-9 - 6-3 - 8-9 ++
1-4 - - 3-10 - 6-4 - 3-10 ++
1-5 - 3-11 - 6-5 ++ 8-11 -
1-6 ++ 3-12 - 6-6 - 8-12 -
1-7 ++ 4-1 ++ 6-7. - 9-1 -
1-8 ++ 4-2 ++ 6-8 - 9-2 +
1-9 ++ 4-3 = 6-9 ++ 9-3 -
1-10 - 4-4 - 6-10 - 9-4 -
1-11 + 4-5 - 6-11 ++ 9-5 +
1-12 - 4-5 ++ 6-12 ++ 9-6 -
2-1 - 4-7 = 7-1 - 9-7 +
2-2 - 4-8 - 7-2 - 9-8 -
2-3 ++ 4-9 ++ 7-3 - 1 99 =
2-4 ++ 4-10 - 7-4 ++ 9-10 -
2-5 ++ 4-11 - 7-5 - 9-11 ++
2-6 ++ 4-12 ++ 7-6 + 9-12 -
2-7 ++ 5-1 - 7-7 - 10-1 -
2-8 - 5-2 ++ 7-8 - 10-2 -
2-9 - 5-3 - 7-9 - 10-3 +
2-10 ++ 5-4 ++ 7-10 - 10-4 ++
2-11 ++ 5-5 - 7-11 ++ 10-5
2-12 - 5-6 ++ 7-12 - 10-6
3-1 + 5-7 - 8-1 + 10-7 +
3-2 - . 5-8 - 3-2 - 10-8 -
3-3 ++ 5-9 - 8-3 + 10-9 -
3-4 - 5-10 - 8-4 ++ 10-10 -
3-5 ++ 5-11 - 8-5 - 10-11 -
3-6 ++ 5-12 - 8-6 - 10-12 -
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strain |activity| strain |activity| strain |activity| strain |activity
11-1 + 13-7 + 16-1 ++ 18-7 -
11-2 - 13-8 - 16-2 - 18-8 -
11-3 ++ 13-9 + 16-3 - 18-9 -
11-4 ++ 13-10- - 16-4 = 18-10 -
11-5 + 13-11 - 16-5 = 18-11 -
11-6 ++ 13-12 ++ 16-6 - 18-12 -
11-7 + 14-1 - 16-7 - 19-1 -
11-8 - 14-2 - 16-8 - 19-2 -
11-9 + 14-3 - 16-9 ++ 19-3 -
11-10 ++ 14-4 - 16-10 + 19-4 ++
11-11 ++ 14-5 ++ 16-11 - 19-5 -
11-12 = 14-6 - 16-12 - 19-6 -
12-1 - 14-7 - 17-1 - 19-7 -
12-2 14-8 - 17-2 - 19-8 -
12-3 14-9 - 17-3 - 19-9 +
12-4 - 14-10 - 17-4 - 19-10 +
12-5 - 14-11 - 17-5 - 19-11 ++
12-6 ++ 14-12 ++ 17-6 ++ 19-12 -
12-7 - 15-1 - 17-7 - 20-1 -
12-8 ++ 15-2 - 17-8 + 20-2 -
12-9 - 15-3 - 17-9 - 20-3 -
12-10 - 15-4 - 17-10 + 20~-4 -
12-11 - 15-5 ++ 17-11 - 20-5 -
12-12 = 15-6 - 17-12 - 20-6 -
13-1 - 15-7 - 18-1 - 20-7 -
13-2 ++ 15-8 - 18-2 - 20-8 -
13-3 + 15-9 ++ 18-3 ~ 20-9 -
13-4 + 15-10 + 18-4 ++ 20-10 -
13-5 + 15-11 ~ 18-5 - 20-11 -
13-6 - 15-12 - 18-6 - 20-12 -
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strain |activity| strain |activity| strain |activity| strain |activity
21-1 - 23-7 ++ 26~1 ++ 28-7 -
21-2 - 23-8 - 26-2 - 28-8 ++
21-3 - 23-9 - 26-3 - 28-9 ++
21-4 + 23-10 - 26-4 - 28-10 -
21-5 - 23-11 - 26-5 - 28-11 -
21-6 ++ 23-12 - 26-6 - 28-12 -
21-7 - 24-1 ++ 26=7 + 29~-1 -
21-8 + 24-2 - 26-8 - 29-2 -
21-9 - 24-3 ++ 26-9 - 29-3 ++
21-10 - 24-4 - 26-10 - 29-4 -
21-11 - | 24-5 - 2611 - 29-5 -
21-12 - 24-6 - 26-12 - 29-6 -
22-1 ++ 24-7 - 27-1 - 20-7 -
22-2 ++ 24-8 - 27-2 - .29-8 -
2-3 | - 24-9 - 27-3 ++ 29-9 -
22-4 - 24-10 - 27-4 - 29-10 -
22-5 - 24-11 - 27-5 - 29-11 -
22-6 - 24-12 - 27-6 ++ 29-12 -
227 - 25-1 - 27-7 - 30-1 -
22-8 - 25-2 - 27-8 - 30-2 -
22-9 - 25-3 - 27-9 - 30-3 -
22-10 ~ 25-4 - 27-10 - 30-4 -
22-11 ++ 25—5 ++ 27-11 - 30-5 -
22-12 - 25-6 - 27-12 - 30-6 -
23-1 - 25-7 - 28-1 ++ 30-7 -
23-2 - 25-8 - 28-2 - 30-8 -
23-3 + 25-9 - 28-3 - 30-9 -
23-4 - 25-10 - 28-4 - 30-10 -
23-5 ++ 25-11 - 28-5 - 30-11 ++
23-6 - 25-12 - 28-6 - 30-12 -

x + +; excellent digestion after 4 day’s incubation at 45C, +; good digest

ion, —; no change
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Table 3. Feather—-degrading ability of selected strains

. incubation day . incubation day
strain y strain
1121 3] 4] 516] 7| 8|9
1-1 15-9 | ]
1-6 16-1
2-3 16-9
2-7 17-6
2-11 18-4
3-5 19-4
4-6 19-11
5-6 21-6
6-1 22-1
6-9 22-2
6-11 22-11
8.-4 23-5
10-4 23-7
11-3 24~1
11-4 24-3
11-6 25-5
11-10 26-1
11-11 26-7
12-6 27-3
12-8 27-6
13-2 28-1
13-12 28-8
14-5 28-9
14-12 29-3
15-5 30-11
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Table 4. Classification of selected strains based on their

proteolytic activity

T OB i 9 a5
9 | NEF 2dClA 4 Aojol] &3] Bl 3
F | MEF 5L 7 Aolel &3 E3e 17
G5 | WGF 8UIA 99 Atojo] &A3 £l 9

% 9o ZH3 By Bt
g 3::: 9do] ZAHstAE FEHYA £ 91
& A 50
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Table 5. Effect of incubation temperatures on the external pH
and cell density of strain FDB11-11

temp’ 25T 37T 45T
hours \ | pH |CFU/ml 3?:;_ pH |CFU/ml 3?:;_ pH | CFU/ml :ftt;_
0 |676| 304 | - |681| 3let | - |682| 30e4 | -
12 |678] nc - |682| 1565 | - 684 105 | -
24 |668| 10e5 | - |672| 2066 | - |677| 206 | -
36 668 616 | - [677| 756 | - |683| 7666 | -
48 673 916 | - [682| 796 | - |691| 91es | -
60 |681| 1.7¢7 | - |690| 86e6 | - [696]| 127 | -
72 |681| 80e6 | - [694| 1666 | - [691| 40e6 | -
84 [685| 86e6 | - [698]| 336 | - [7.00] 80ed | +
96 689 226 | - [700| 24e6 | - |705| 1le6 | +
108 |691| 17e7 | - |705| 13¢6 | + |712| 506 | +
120 |697| 397 | - |712] 5066 | + |724| 1lde7 | +
132 |700| 38¢7 | - |725| 67¢6 | + |745| 536 | +
144 |705| 30e7 | - [727| 67e6 | + |749| 23¢6 | +
156 | 7.11| 45¢7 | + |732] 73¢6 | + |753| 606 | +
168 |720| 28¢7 | + [744| 50e6 | + |778| 236 | +
180 | 7.17 + 739 + |7.80 +
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Table 6. Effect of initial pH of media on the cell density and
pH of the cultured media

pHb5 pH6 pH7 pHS
pH

hours CFU |acti CFU |acti CFU |acti CFU |acti

pH .. IpH .. |IpH . pH .
/ml |vity /ml |vity /ml |vity /ml [vity

0 483]3.0e4| - [5.94]|3.1ed| - [6.97|2.8¢e4 |- 798|294 | -

12 5.29] nc - |6.10{5.7e4} - [6.98| 8.3e4 |- 759 4.2e5] -

24 5.20f nc - [6.11]1.6e5| - [6.85]1.0e6 |- 7.31)57e6| -

36 525 nc - 16.2114.3e6| - [6.88] 8.9e6 |~ 7.29{33e7| -

48 5.36|9.8e4| - [6.33]7.3e6| - [6.95)9.8¢6 |- [7.36{1.9e7| -

60 545{24e5| - [640{6.0e6| - |7.04|1.1e7 |- |[|7.44|1.1e7| -

72 5.76]2.1e5| - [6.45|1.6e6| - [7.05/1.6e7 |- |[751|83e6| -
84 5.83[2.2e4| - |6.52|4.0e6| - |7.16|1.4eb |+ |[7.52|3.3e6| _
96 5.9111.0e4| - 6.62|1.7e6| - (7.30|2.2¢6 |+ |7.66|1.7e6| +

108 594 3.0e6| - [6.69|3.0e6| - [7.34|2.1eD|+ |7.71|1.8e5| +

120 |6.06]|2.1e6| - §6.77|1.3e7| - [7.45/9.6e6 |+ [7.77/6.0e6| +

132 [6.16{2.3e6| - [6.89|5.0e6| - |[7.61|1.0e6 |+ [7.91|4.0e6| +

144 [6.24]2.0e6| - [696|63e6| - [7.72|2.3e6 {+ [8.02]4.3e6| +

156 6.32|4.7e6| - |7.04}2.0e6] - [7.85{2.1eb|+ |8.19(57e6| +

168 |6.37[83e6| - |7.14]7.0e6| + |7.99/53e6 |+ [8.35{3.3e6| +

180 [6.39 - {716 + 8.11 + 837 +
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Table 7. Effect of preincubation of feather on the cell density,

pH and keratinolytic activity

feat| 121°C 20min | 100C 30min 60C 30min
day Activity | pH |CFU/mll Activity | pH |CFU/ml| Activity| pH |CFU/ml
0 0 |681] 325 0 |7.07| 3.1e5 0 |707] 32¢5
1 | 16517 |702| 63e7 | 06512 {691 | 1.1e7 | 0.8197 |6.87| 6.3¢7
2 | 20630 {7.21] 1.3e6 | 1.0359 |7.05| 1.0e6 | 0.9611 |7.04| 1.3¢6
3 | 25760 |7.42| 6.3e6 | 14870 |7.25| 80e5 | 1.1209 |7.18| 6.3¢6
4 | 29379 |7.62| 576 | 15739 |7.49| 2.7¢6 | 1.1981 |7.41| 5.7¢6
5 | 31750 |7.90| 1.0e6 | 1.7862 |7.66| 3.3¢5 | 15967 |7.59| 1.0e6
6 | 33523 816| 1.7¢7 | 2.1672 [7.95| 3.0e6 | 1.4407 |7.88| 1.7e7
7 | 34843 |845| 5.0e6 | 23816 |8.23| 1.8¢6 | 1.3908 |8.11| 5.0¢6




Table 8. Basic characteristics of selected feather-degrading

bacteria
growth in .
strain cell - gr-arfl catalase | ferments nonfeather final
morphology | —staining| test glucose . pH
media

1-1 T - + - + 7.92

. 1-6 T - + - + 764
2-3 Tt - + -~ o 7.70
2-7 T - + - + 7.78
2-11 T - + - + 7.62
35 | 7@ - : - . 787
4-6 T8 - + - + 8.22
5-6 Xiy - + - + 8.02
6-1 77 - E - + 7.17
6-9 Fdaiy * + - + 7.93
6-11 F- 1t - + - + 7.68
8-4 T - + - + 7.82
10-4 T - + - + 7.63
11-3 T - + - + 7.97
11-4 T T + - + 8.10
11-6 T - + - + 7.85
11-10 ¥y - + - + 7.87
11-11 ki - + - + 7.80
12-6 Xy + + - + 7.80
12-8 + - + - + 8.01
13-2 T + + - + 7.36
13-12 Tt - + - + 7.99
14-5 T - + - + 7.87
14-12 T - + - + 791
15-5 T+ - + - + 7.84
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strain cell gl'fﬂ'fl catalase| ferments f:z;:;l: hieri' final
morphology fstmnxng test glucose media pH
15-9 T - + - + 7.91
16-1 T - + - + 7.23
16-9 T - + - + 7.80
17-6 - - + - + 772
18-4 T - + - + 7.59
19-4 Ry + + - + 7.74
19-11 T - + - + 7.80
21-6 T - + - + 7.89
22-1 T - ¥ - s 7.91
22-2 R - + - + 7.95
22-11 T - + - + 7.99
23-5 T - + - * 765
23-7 T - + - + 7.81
24-1 T - + - + 7.24
24-3 T - + - * 8.00
25-5 g - + - + 7.84
26-1 ket - + - + 7.89
26-7 T - + - + 787
27-3 T - + - + 8.17
27-6 T - + - + 7.67
28-1 T - + - + 7.87
28-8 4 i * + - + 7.76
28-9 7T - + - ; 7.32
29-3 Fd iy - + - + 7.69
30-11 T - + - + 7.85




Table 9. Time-dependent change of external pH and cell
density of strain FDB5-6 and FDB8-4

hours

0 8 16124 13240 | 48|56 | 64 | 72 | 88 | 102 126 150 1 174
strain '

pH [7.04|6.846.9017.00]|709|709|713|7.17|7.33|7.34|752|7.64|7.721791 | 8.02

5-6
CFU/mi |9.7e4|5.6e6[9.0e6]2.4e7] nc |3.2e7|6.0e7{3.0e7|5.0e7{3.5¢7|5.0e7}4.2e7|2.3e7} 5e6 | 8eb

pH [7.09(694{6.97|7.05|7.08|7.08|7.19|7.24]7.26|7.25| 7.38 | 7.51 | 7.61 | 7.75 | 7.82

84| s cru/m

| 5.0e4)|3.3e6/9.8¢6(2.2e7| nc |4.4e7|2.8¢7]2.4e7|3.6e7|3.4e7|4.2e7,4.4e7]1.1e7|1.2e7}4.4e7

*CFU/ml expressed as 9.7e4 which means 9.7 x 10" #* nc; not checked
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Fig. 2.1. Changes in population and media pH of strain
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Fig. 2.2. Changes in population and media pH of FDB8-4
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Fig. 3. Electronmicroscopic picture of the strain FDB 11-11
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1) SFdFe 484 ¢ 8249 53 489 AxdE 9+ 23 %‘i‘?a’?l
FFTF 16F g 2484 2 829 T3 A4¥9ES A 24 44
Table 103} Table 113} 2t}

>‘|

¥

2) FDB11-11 &5 (Fig. 49 keratinase A4t 9% A% 3 =24 4%
- 1589 $43FF F 713 $EEs%o] Hold FDBII-11 #F(Fig. 4,
Fig. 59 keratinase A4S A% K H3F A& AAE7] Had A=
2 &%(257T, 37T, 45C)¢ pH(6S5, 75, 85) 27 A Y activityg &
A&ttt activitys OD280nmolA EA3ten ojm APl A& wjx&=
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3 F e v WA 2L O 2o
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- A¥Z47dE Table 12-1(Activityol did 4&2% 92 pHO 93F), Table
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U A Bajaie 28AF(Activity by Ammoniumsulfate fractionation)
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Table 10. Enzymatic activity profiles of selected FDB-strains

Strain nitf'aFes~> ni.trites—* indoh? glucose | araginine | urease | esculin | gelatin | PNPG
nitrites | nitrogen | production
2-3 - - - - - - + - -
10-4 - - - - - - + - -
11-11 - - - - - - + - -
12-8 - - - - - - + - -
15-5 + - + - - - + + -
16-1 - - + - - - + + -
16-9 - - + - - - + - -
19-4 - - - - - - + - -
-6 - - - - - - - + - +
24-1 - - - - - - + - -
24-3 - - - - - - + - -
25-5 - - - - - - + - -
2%-1 + - - - + + + - -
27-6 + - - - - + + - -
28-9 - - - - - s + - -

% glucose — acidification, arginine — dihydrolase, esculin — 8
-glucosidase  gelatin — hydrolysis, PNPG — 8 -galactosidase
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Table 11. Carbon assimilation profiles of selected FDB strains

Strain |GLU[ALA |MNE|MAN|NAG|MAL|{GNT|CAP | ADI |[MLT| CIT |PAC
2-3 + - - + + - + - - + - +
10-4 + - - + + + + - - + - +
11-11 + - ~ + + - + - - + - +
12-8 + - - + + + + - - + - +
15-5 + - - - + - + - - + - -
16-1 + - - + + + + - - + - +
16-9 + - - + + + + - - + - + -
19-4 + - - + + + + - - + - +
21-6 + - - + + + + - - + - +
24-1 + - - + + + + - - + - +
24-3 + - - + + + + - - + - +
25-5 + - - + + + + - - + - +
26-1 - - - - - - - - - + + -
27-6 + - - + + + + - - + - +
28-9 + - - + + + + - - + - +
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Fig. 5. Scanning electron microscopy of natural feather and
degraded feather

Natural feather
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Degraded feather
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Table 12-1. Effect of different growth temperatures and pHs on
production of keratinase

Activity

25T 37T 45C

pH65 | pH75 | pH85 | pH65 | pH7.5 | pH85 | pH6.5 | pH7.5 | pH8S

0day| O 0 0 0 0 0 0 0 0

1 day| 0.0108 | 0.0201 | 0.0195 | 0.0205 | 0.0495 | 0.0392 | 0.0325 | 0.0520 | 0.0495

2 day| 0.0526 | 0.0584 | 0.0623 | 0.0546 | 0.0701 | 0.0757 | 0.0669 | 0.0923 | 0.1084

3 day| 0.0162 | 0.0373 | 0.0305 | 0.0354 | 0.0619 | 0.0738 | 0.0547 | 0.0819 | 0.0945

4 day| 0.0105 | 0.0103 | 0.0392 | 0.0292 | 0.2066 | 0.2326 | 0.0310 | 0.1313 | 0.1922

5 day|-0.0993 | -0.0170 | 0.0524 | 0.0142 | 0.1807 | 0.2806 | 0.0163 | 0.2796 | 0.3645

6 day|-0.1129 | -0.0152 | 0.1687 | 0.0035 | 0.3652 | 0.2930 | 0.0993 | 0.2855 | 0.4346

7 day|-0.1362 | 0.0113 | 0.0443 | 0.0633 | 0.2879 | 0.3153 | 0.1324 | 0.3074 | 0.4471

8 day| 0.0021 | 0.0395 | 0.0872 | 0.0789 | 0.2952 | 0.3589 | 0.1535 | 0.2987 | 0.4372
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Table 12-2. Effect of different growth temperatures and pHs on the
growth rate of FDBI11-11

CFU/ml

25T 31T 45C

pH65 | pH75 | pH85 | pH65 | pH75 | pH8S | pH6S5 | pH75 | pH8S

0 day| 55e3 | 54e3 | 55e3 | 53e3 | 56e3 | 55e3 | 5.5e3 | 56e3 | 5.4e3

1 day| 40e4 | 30e5 | 20ed | 27e6 | 60e6 | 577 | 1.0ed | 14e7 | 6.7¢7

2 day| 536 | 58¢6 | 50e6 | 6.0e6 | 7.0e6 | 17¢7 | 33e4 | 3.3¢6 | 3.0e6

3 day| 7.0e6 | 9.0e6 | 1.0e7 | 3.3e6 | 9.0e6 1.7¢7 | 3066 | 2067 | 2567

4 day| 1.067 | 1.2e7 | 1.8e7 | 6.0e6 | 3.6e7 | 45e7 | 2.3e6 | 6.0e6 | 1.3e7

5 day| 21e5 | 3.0e6 | 17¢6 | 6.7e5 | 1.3e6 | 2.3¢7 | 2.7¢5 | 2.3¢5 | 1.9e7

6 day| 50e6 | 14e7 | 187 | 90e6 | 287 | 34e7 | 1.0e6 | 2.7e7 | 3.5e7

7 day| 57e6 | 35¢7 | 80e6 | 57e6 | 3.3e6 | 80e6 | 236 | 7.0e6 | 1.0e7

8 day| 3.3e5 | 15e7 | 9.0e6 | 80e6 | 7.0e6 | 14e7 | 20e6 | 9.0e6 | 2.0e6
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Table 12-3. Effect of different growth temperatures and pHs on
media pH of strain FDB11-11

pH

25C 37C 45C

pH65 | pH7.5 | pH85 | pH6S5 | pH75 | pH85 | pHES | pH75 | pH8S

Oday | 6.20 740 8.33 6.20 740 | 833 | 620 740 | 833

lday | 6.37 7.35 821 6.43 1.25 7.85‘ 6.54 728 | 766

2day | 647 7.25 775 6.54 7.26 7.65 6.63 732 | 747

3day | 6.56 731 7.69 6.71 7.36 7.76 6.79 751 | 780

4day | 6.65 746 792 6.87 7.74 792 6.95 788 | 8.00

bday | 6.66 742 7.70 6.88 7.65 7.88 7.04 783 | 810

6day | 6.66 7.46 7.90 6.93 7.96 8.18 7.28 810 | 831

Tday | 6.64 7.36 7.69 6.96 172 8.14 7.33 808 | 832

8day | 6.67 7.38 775 7.07 7.86 8.33 749 834 | 856

— 195 —



Fig. 6. Effect of amount of feathers on the Kkeratinase activity
produced by FDBll 11
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Table 13-1. Effect of protein sources on the Kkeratinase activity of
FDB11-11 during 8 days’ incubation

Activity

C ial

Control Feather | Feather | Feather | Feather ?;zflre? Casein
as

(05%) (19%) (2%) meal meal

Oday 0 0 0 0 0 0 0

1day 0.0152 | 0.0107 0.0282 0.0195 0.0102 0.1542 0.0172

2day 0.0244 | 0.0099 0.0400 0.0379 | -0.0071 0.2942 0.0289

3day 0.0695 | 0.0632 0.0654 0.0716 0.0383 0.1939 0.0675

4day 0.0405 | 0.1598 0.1674 0.0676 0.1145 0.0702 0.0072

bday 0.0238 | 01349 0.2139 0.0031 0.0250 0.1690 0.0301

6day 0.0064 | 0.0914 0.1942 0.029% | -0.0043 0.2789 0.1011

Tday 0.0016 | 0.1549 0.2198 01541 | -0.0033 0.3581 0.0195

8day | -0.0105 | 0.1781 0.4515 0.0011 | -0.0220 0.4118 0.0987
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Table 13-2. Effect of protein sources on the growth rate of
FDBI11-11

CFU/ml

Control Feather | Feather | Feather | Feather Co}f;:;r?al Casel
(0.5%) (1%) (2%) meal - ale asein
e

Oday 4.0e4 4.2¢4 4.1e4 4.1e4 4.0e4 4.2e4 4,0e4

1day 1.4e5 1.1e5 5.1eb 2.0e6 2.7e6 1.9e7 2.7e4

2day 2.2¢5 1.5e5 4.0e6 0.2¢4 1.5e5 6.0e7 5.0e4

3day 2.2¢5 5.0e5 7.5e6 2.2¢5 2.0eb 6.0e6 1.3e4

4day 2.4e5 2.3¢5 5.0e6 7.0e4 1.5e5 4.0e6 1.3e4

S5day 1.7¢5 2.7¢5 8.0e6 2.0e6 3.0e6 9.0e6 2.0e4

6day 2.2¢5 2.5¢5 2.4e6 5.0e5 1.5eb 3.3e5 2.3e4

Tday | 7.0eb 4.0e6 3.0e6 5.0e6 6.0e6 2.7¢6 3.0e4

8day 1.6e6 3.0e6 3.3e6 5.7e6 1.5e7 4.0e6 2.0e5
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Table 13-3. Effect of protein sources on the pH of medium of

FDB11-11
pH
Control Feather | Feather | Feather | Feather C}n;;ntizfal Casein
(0.5%) (1%) (2%) meal meal
Oday 6.55 6.48 6.46 6.40 6.34 6.37 5.76
lday 6.65 6.72 6.76 6.72 6.64 6.72 594
2day 6.72 6.84 6.85 6.91 6.79 6.67 593
3day 6.85 6.99 7.10 713 7.01 712 6.05
4day 6.92 717 733 7.39 7.24 7.37 6.16
Sday 6.89 744 .77 7.89 7.76 782 6.21
6day 6.88 751 7.85 7.84 7.70 803 | 633
Tday 6.77 7.76 817 820 | 801 8.33 6.37
8day | 667 | 765 8.27 8.15 784 850 6.64
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Fig. 7. Effect of different growth temperatures and pHs on the
keratinase production by strain FDB11-11
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Fig. 8. Cell growth and keratinase activity of the strain FDB11-11 at
the optimal conditions
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Table 14. Effect of various carbon and nitrogen sources on the
keratinase activity, growth rate, and pH of growth
medium of strain FDB11-11

Activity CFU/mi pH

4day Bday 4day 8day 4day 8&ay
None 0.1671 0.2658 5.0e6 1.7¢6 818 8.15
Peptone | 0.3011 0.6888 1.0e6 7.0e5 8.89 8.94
Tryptone | 0.166. 0.2715 1.2¢7 4065 8.86 9.07
Glucose | 02897 | 06778 1.3¢6 3.3¢5 6.40 6.02
Sucrose 0.2068 0.2694 1.0e7 5.0e6 6.69 77.25
Mannitol | 00465 | 0.1693 1.1e5 7.0e4 5.82 5,60
Lactose | 01780 | 0.2623 2.0e6 1.0e6 754 8.23
Sorbitol | 03213 | 06341 2.0e6 1.0e6 7.25 7.99
Inositdl | 00512 | 01701 2.0e4 3.0e4 588 5.77
Dulicitol | 02954 | 06479 1.1€7 3.3¢5 762 787
Xylose 0.1652 | 0.2593 1.0e6 1.0e6 6.45 6.74
Maltose | 03015 | 06844 2.7¢6 1.0€7 643 6.29
Arabinose | 01689 | 0.2638 2.7¢6 3.0e6 6.90 765
Fructose | 03305 | 06532 2.0e6 3.3¢5 595 568
Galactose | 01589 | 0.2659 6.0e6 3.3¢5 755 810
Cellobiose | 03205 | 0.6816 1.3¢6 1.5€7 6.86 777
Raffinose | 01789 | 0.2522 2.3¢6 3.3¢5 7.60 815
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Table 15. Activity of culture supernatants

Activity
Ist 2nd 3rd Average

2-3 0.0283 0.0281 0.0134 0.0232
104 0.0279 0.0041 0.0786 0.0368
11-11 0.0802 0.0338 0.0559 0.0556
12-8 0.0005 0.0059 0.0299 0.0295
15-5 0.0663 0.0231 -0.0123 0.0257
16-1 -0.0188 0.0866 -0.0123 0.0187
16-9 0.0075 0.0185 0.0058 0.0106
19-4 -0.0345 0.0559 0.0338 0.0184
21-6 0.0615 0.0721 0.0075 0.0470
24-1 0.0276 0.0283 0.0419 0.0326
24-3 0.0387 0.0203 0.0278 0.0292
25-5 0.0206 0.0381 0.0422 0.0336
26-1 0.0261 0.0182 0.0352 0.0265
27-6 0.0181 0.0241 0.0382 0.0268
28-9 0.0244 0.0177 0.0332 0.0251
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of FDBI11-11 by

of extreacellular proteins

Profiles

9.

Fig.

SDS-PAGE
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Fig. 10. Induced and non-induced Keratinase

Lane 1 : molecular-weight standards
Lane 2 : protein patterns of non-feather broth
Lane 3 : protein patterns of feather-containing broth
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Fig. 11. Profiles of keratinase activity from 15 FDB strains
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Table 16-1. Optimal conditions for keratinase activity on
15T, 257, 30C with pH 6, 7, 8, 9, 10

15T
1st 2nd 3rd average
pH6 1.8395 1.8302 1.8041 | 18413
pH7 20305 1.9354 1.8790 1.9513
pH8 1.9596 1.9229 1.9693 1.9506
pHS 1.9229 1.9259 2.0070 1.9519
pHI10 1.8751 1.8187 1.9367 1.8768
25T
1st 2nd 3rd average
pH6 1.8567 1.9027 1.9161 1.8918
pH7 1.8416 1.3861 1.8717 1.8664
pHS 2.0781 | 2.0970 2.1705 2.1152
pH9 1.9966 2.0750 2.0481 2.0399
pH10 1.8872 1.9002 1.8838 1.8904
30T
1st 2nd 3rd average
pH6 2.0762 2.0064 1.9705 20177
pH7 2.2712 2.03838 23276 2.2125
pH8 2.1412 2.1366 - 2.0422 2.1070
pH9 2.0342 2.0614 A 1.9897 2.0284
pH10 1.9350 19102 1.7857 | 1.8769
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Table 16-2. Optimal conditions for Kkeratinase activity on 37C,
45C, 60C with pH 6, 7, 8, 9, 10

37C
Ist 2nd 3rd average
pH6 2.0049 1.9518 1.9071 1.9546
pH7 1.9152 1.8434 1.8207 1.8614
pHS8 2.3987 2.4741 2.1111 2.3279
pHY 2.0409 1.9287 2.0960 2.0218
pH10 2.0884 2.2527 2.0603 2.1338
45T
1st 2nd 3rd average
pH6 1.9227 1.8921 2.0616 1.9588
pH7 2.0118 2.1211 1.8792 2.0040
pH8 2.1515 2.1884 2.259% 2.1998
pH9 2.1261 2.0861 2.2275 2.1465
pH10 1.9590 1.9355 1.9406 1.9450
60T
1st 2nd 3rd average
pH6 1.7517 1.7909 1.7395 1.7607
pH7 1.8030 1.7641 1.8228 1.7966
pHS 1.9666 2.0697 2.1540 2.0634
pHI 1.8784 1.9265 1.8844 1.8964
pH10 2.0071 2.1324 1.9842 2.0412
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Table 17. Effect of various solvents on keratinase activity by
FDB11-11 culture supernatants at 45C

residual
Ist 2nd 3rd average activity (%)

acetone 1% | 20143 | 20922 | 21982 | 2.1016 89
5% | 22017 | 21517 | 21620 | 22018 93

acetonitrile 1% | 20611 | 19741 | 20258 | 2.0203 86
5% | 18752 | 20001 | 19847 | 1.9533 82

chloroform 1% | 19558 | 20263 | 20841 | 2.0220 86
5% | 19818 | 18416 | 1.8914 | 1.9049 81

diethylether 1% | 21307 | 1.9236 | 19706 | 2.0083 85
5% | 25446 | 23382 | 22385 | 2.3737 100

DMSO 19% | 20563 | 20613 | 208%5 | 20667 88
5% | 20615 | 20563 | 20085 | 2.0421 87

ethanol 1% | 24239 | 24228 | 23137 | 2.3%68 101
5% | 19971 | 21178 | 19750 | 2.0299 81

ethylacetate 1% | 22908 | 22620 | 26123 | 2.3883 101
5% | 19604 | 1.8416 | 19537 | 19189 81
is"mylalc"h" 19% | 21214 | 20420 | 2.1662 | 2.1098 89
5% | 19346 | 20927 | 19192 | 19821 84

isopropanol . 1% | 25308 | 21628 | 20173 | 22369 95
5% | 1.8942 | 20121 | 20982 | 20015 85

methanol 1% | 23240 | 2223 | 22013 | 2249 95
5% | 20195 | 20502 | 2.0808 | 2.0510 87

toluene 19% | 2.1714 | 2.3543 | 20100 | 2.1785 92
5% | 20350 | 20156 | 20326 | 20277 9%

control 2.4743 | 2.3490 | 2.2567 | 2.3600 100
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Table 18. Effect of detergents and reducing agents on

keratinase activity by FDBI11-11 in culture
supernatants at 45C
resi 1
1st 2nd 3rd |average acteixsrlictl;rl(a%)

DTT - 0.1%]| 2.1801 23686 | 2.1005 | 2.2164 94
05%| 22392 | 2.0082 | 2.2081 2.1518 91

1% | 2.1472 2.0502 2.1275 2.1083 89

SDS 0.1%| 2.2632 1.9904 | 2.0480 | 2.1005 89
0.5%| 2.0450 19603 | 22279 | 2.0777 88

1% | 1.8758 1.8750 1.7624 1.8377 78

TritonX-100 0.1%| 22415 | 23724 | 2.1948 | 2.2695 96
05%| 2.1315 1.9403 | 2.1009 | 2.0575 87

1% | 2.0010 1.9546 19878 | 1.9811 84

Tween80 0.1%| 24838 | 21669 | 2.3046 | 2.3184 98
0.5%| 2.1886 | 21341 2.0963 | 2.1396 91

1% | 1.8612 | 2.0680 1.9571 1.9621 33

e‘g ﬂ::zcapt" 0.19| 20719 | 21867 | 20623 | 2.1069 89
05%| 20197 | 1.9916 | 2.2632 | 20915 89

1% | 21182 | 2.1037 | 20940 | 2.1053 89

control 2.4743 | 2.3490 | 2.2567 | 2.3600 100
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Fig. 12. Inhibition mode of keratinase activity by protease
inhibitor(PMSF)
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Fig. 13. Change of cell population of FDB11-11 in different
feather meal content during 6 days’ fermentation
at 45C
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Change of keratinase activity of FDBI11-11 in
different feather meal during 6 days’ fermentation

at 45C

Fig. 14,

Ciekst 7|12 feathermeale| &S pattem

O

Activity
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Fig. 15. The difference of cell population and keratinase
activity against various feather meal after 6 days’
fermentation at 45T in 25% feather-containing
media
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Fig. 16. Keratinase activity against different feather meal by
FDB11-11 culture supernatants after 6 days’
incubation at 45C
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Table 19. Effect of FDB cultures on the degradation of keratin

Activity

280nm 540nm

2-3 0.1235 0.1755

10-4 0.0659 0.1884
11-11 0.1297 0.1824
12-8 0.0668 0.0808
15-5 0.1230 0.0774
16-1 0.0659 0.1858
16-9 0.1276 0.1619
19-4 0.1037 0.0042
21-6 0.1312 0.1032
24-1 0.1175 0.1357
24-3 0.1272 0.0694
25-5 0.1678 0.0369
26-1 0.1255 0.1872
27-6 0.0987 0.0578
28-9 0.1268 0.1795
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Fig.
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Change of cell population during
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Fig. 18. Change of keratinase activity during large scale
fermentation of feathers

1.2
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- AZAEE AF A% «‘i‘%ﬂ S5 FDBll-11¢] A4l3le SREHILL
€ 4793 feather-containing broth(2 £ )o] FDB11-112 HZ3% 3 45T
A 1497 wigete O wigA S AAEIAS ATdS dUTh
- o] A5 4L Al ammoniumsulfate® 30% - 90% precipitation A7l &
protein pattern< & 9% ZAF(Fig. 19), 0% E &35 samled] A protein
banding®] #4433 RPorz 90% ammoniumsulfate = precipitationd ¥
AR o8 BEAA A H(crude sample) 22 gt FEAAEA
Aol ®A FFEZ(concentration effect)= Fig. 2091 =A1® vl cell-free
supernatant(lane 2)9} ammoniﬁmsulfate precipitates(lane 3)¢] proteing H]
WERAH.
FEAAZLY Az AH&E wiAE 71Z v A (basal medium)ol 0.5%2]
feather& ¥ ol& # autoclavedtd] A& den 1 24L& b 2o
' In 1 liter of water, NHiCl: 04g, NaCl 05g, KH:POs 0.3g,
MgCle'6H20O: 0.1g, Yeast extract: 0.1g, Feather: 5g, Agar: 20g (pH

adjusted to 7.5 before 20 min’s autoclaving)

2) S-EE 8| E29 mass induction test

- keratinase®] one step . purification strategy 7HE-& $I8] large scale
induction A¥E& APt olE HAVGF 3 FASFHH(Fig. 21-A,
21-B).

- 43823 FDB11-11 €5 % small scalesl A9 <ju]dd 247 (Fig. 21-4)9}
HlRgE v EAF 21,000 dalton - 31,000 dalton HFol 2 F 7 protein
°] induction® & <183 th(Fig. 21-B).

-mass inductionA] I gthA AirEel F71E proteine] EAEE AL

fu

ol o} (Fig. 21-B), feather degrading activity”} keratinase & = t©&
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proteindl &8 BZ8 /15AE e RLE A4&FHY

- 4718 AHsAde BEEr] A% Ag9] suE 7 proteing 9] 71€9& F3
319 H(Fig. 22). ©1& $8] $ % sample FHF 5 ©7} autoclaved F &
& 4%59L ammoniumsulfate 2 FAAL F 7] stepel A9 protein
patterng HlzZdPgew 2 AR $2 AAA &£&3 proteinEL fle A
oz AU

3) $REHNELE FEAA LY gel filtration

BT AAY $SREHNEALAN AZE 93 Sephadex G-50 gel filtration
column chromato-graphy® A 8§ ZA3E= Z+z Fig. 23(elution profile) %
Fig. 24(protein profile)® vt}

- Major peak ¥ (fraction #65, 67, 69, 71, 73, 75)¢] samples SDS-PAGE
3 Az 2xF 20,000 ©13e FAL proteinEo]l AAHUEES HA}AT
(Fig. 24).

U 2EAAEALS pH, €, 49 ¢AY 79

1) $2Edfasre pH A4 test

. Keratinase 22 A A AL o] &3 pH24 A pHI07FA] Z+Zt 10mM buffer:
pH2-3(glycine-HCI), pH4-6(citrate), —pH7(phosphate),  pH8(Tris-Hcl),
pH9-10(glycine-NaOH) & 24417t 5¢F F43tdA pHE =H3 R

- AY¥AY SEEHELE pH/l 2825 E AT Aoz FUHUC
pH5Sl A pH7ALelAl A 713 4Ad Aoz FAEew, pH8T pHI A
609%°] 4 9] activity7} FoldQ e pH29 pH3AAE ¢F 80%9] activity7h
24 5 R & (Fig. 25).

e

2) SREHEL ARFAY 4%
LomRFgEAE ztzhe] £E(30C - 100T)94AM 1A% 5 AHAE F
activity® &3t Ach.

N
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-AEES FEENEAE vy do 4 Aoz FAmten, A
257t FobRo wet activity’t ZAs oy, 100CAAM A slFE sample
5% 30%7FF9] activity 7} ‘2ol A cHFig. 26).

3) FEREHEAY FU8d G AY

c oA F7)Eue] dE SRESEL] AFAHE &8 Yk, 30%
o] #7148 vl(acetone, ethyl aéetate, ethanol, methanol, 2-propanol,
iso-~amyl alcohol, chloroform, dimethyl ether, tolhiene)® SEEIEA
sampled] 1AI1ZE E AGHE £ activityE st aoh

-AEEAH $EEHELE A8 R71E7F ethanolol A AU tAsG o,
Ethyl acetate?lA =AY EXAHIA o 50%9] activityZ7b 24 Ik
isoamyl alcohol, chloroformo| Al  20%9]  activity’} &

dimethy! ether, toluene, acetonedlA & 30%, methanol, 2-propanole]l A&

°F 40%9} activity”} 24zt ZH 48 oH(Fig. 27).

fe
kol
B

8. FEE3 ol FAdEH a7

7h SEES T GAA gAY 4F

FFEEHTEFY FIAFEAHAATE AT JxAddez o8 JIR FAAA
(ampicillin, chloramphe~ nicol, erythromycin, vancomycin)& ®j*] o} 2ug/ml
ol A 128ug/mi7t A WoAE F FDB 47 F2 v 14 spotdte] 49 %<
45Col A vl F3lHA colonyF AL BEd ).

- R EsF 2 FDB11-11, FDB21-6, FDB24-1, FDB26-1& 47} ¢ A A|
of a3l fAE A% HE& 7 AL 39 en, ampicillin(Table 20-1)
< AHANE A 4ATFEF 2% FAA F 2u/mis BoIFAS 9 A
3 AEkR] gskth. Chloramphenicol(Table 20-2)¢ 7%, FDBI11- 11,
FDB21-6, FDB24-1T75 % 4ug/mle 8 8|& sample® colony® Ay
3, FDB26-1T5F%te] RT  FAA  Agge] Itk wix)d
erythromycin(Table 20-3)& 78 7%, FDB24-1°]  16pg/mld]
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erythromycing 71§ #X M % colonyE BAIE o, FDB1I-112 8ug
/ml, FDB24-1# FDB26-12 4pg/mle FEdA] A4S BAY. FDB 4
TFESF vancomycin®l £ 2ug/ml ©]49 FZoAM o] AMEES BRI

(Table 20-4).

U, o]Z A2 E A (heterologous gene probe)ol] 3 $EEHEAS {FHA
Ay

North Carolina State University®] Shih =Algo]l A3 Bacillus
licheniformis PWD-1 719 2] keratinase f A& Z % ¥ primer sequence® o™
&3} ol MHAZL o]F o843t FDBI1- 11 chromosomesl] ¢ PCR

amplication fragment B4& Al 3ot

(antisense sequence™ random primer °©]-&)

9. 445 TAAME
7b. @Al o4 $RES T AL

1) FDB11-112 ©] &3 feather ¢ W% <& 4Y

.FDB11-117#%& o]&, u#%oz feather® WAAIIV] 93t 4
FDB11-11¢] cell culture® 128|%d F 2 wjgAe] F&ol =E3d
feather 4 kg& & HojFE ¥ 4H6TAAM 14Uz wiFste LHEAIT olE
autoclaved ¥ AZFATHE7] HEFL 12x10°, pH 85).
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1497 2EF 9 cell population®] WS} activitys] Wsh= ZHzh Fig. 28
3 Fig. 299] £9F SA® uto} 2 e 9T U wEART 547 A%

2) 3 W3R starterd] AX: EGA Feld 42 FDB ¥5& °|&3 %

&S HH3 48

- FDB11-11, FDB21-6, FDB24-1, FDB26-1& ©|-§3% co-culture: ¥

T TFE ML FDB 405 & o8¢ HAH starter AZRE Y3 4F 9

FE Z+Z} preculturedt ©2 200ml broth(feather contained)o] Z+zh 1

o HES A, 2 TFE HEE A, 3 TFE JFS A, 281 4 FF

HAEFT A Fog FEI HEF 8 47 wiFd F 4 ANFY ¢
population, pH, keratinase activityd] #3lE& BAlstgcHTable 21).
AgAT 1 gFHE HEY AZFY AT FDB11-11¥ 59 FDB26-17 5

o] activityZt 7HE SFIReHFRLH, 28FE HIFE FAdAE

FDB11-11% FDB26-1& Z°] HZFMNFUE w9 activity?} 7P 5314

tH(Table 22).

-G 3FEFE 2ol HEFS ASF 4AFEFE JFT T

I 21-6, 26-18 HESHLS 73*1‘4 activity 7} 7+ $-

3 FDB26-1 % #F & HET3AES el activitys 2 i}°]
- by A9 starters FDB11-113 FDB26-1 ¥

FEH A

- cell population® pHE W& A8 w2t Zol7t IR Y activity &

2HBAT At

-o] Age AHEE 4 #F9 EHY] EAL o 2

_.i
=Y o
L = (R

r

il
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Characteristics FDBI11-11{FDB21-6 { FDB24-1 | FDB26-1

Cell morphology coccus coccus coccus rod

Gram-~staining - - - -

Catalase test + + + +

Oxidase test + + + +

Fermentation of glucose - - - -

Growth in non-feather broth + + + +
Final pH 7.80 7.89 7.24 7.89
Origin | EdEd)| EF | EF |(ARUR)
Enrichment O O O O

3) FDB11-11, FDB21-6, FDB24-1, FDB26-1 co-culture®] feathermeal %
4

<47 283 22 PHoR JYES featherol A feathermeal(commercial)
2 uHFE F 13 ol&g FAF A, activitys Zol7t ANy featherE
o] £3l4¢ W BoE =X FtH(Table 21). ©]& feathermeal AA7} o] v
FANA A2E A 98 FAE AXN AAFHA FHY featherd= T
HqECE vt HELE AaHIU

4) FDB11-113 FDB26-1 27 F& ©| &% feathermeal® ©]& % #4:

-9 AFPAA M activity’t EXI, B AAHJER TFTHE ol &)
FDB11-11#% FDB26-1¢] co-culture® ©]&3 o8 FZNA e
feathermeal® FYE o2 39 wl¥dd F cell population® pH, 223
activity®] ®3tE #2138 A3 6 FF9 feathermeal®l o]&%o] 24
L ol BAHA F%S(Table 23). ol A7l F TF9 gl Ldut
Moz RE AR $£E F 4&& AAEE w$ LFAY 2R I
gt

(o3
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Fig. 20. Protein profiles of starin FDB11-11
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Fig. 21. Keratinase induction in strain FDB11-11
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Fig. 22. Comparison of protein profile: water extracts of autoc

laved feather, nutrient broth, and feather-containing
broth
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Fig. 23. Elution profile of crude proteins from strain
FDB11-11 on Sephadex G-50
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Fig. 24. SDS-PAGE of gel filtrates
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Fig. 25. pH stability of keratinase produced by FDB11-11
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Fig. 26. Heat stability of keratinase produced by FDB11-11
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Fig. 27. Solvent stability
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Table 20. Cell growth of 4 FDB strains on antibiotic
treatment

20-1 Ampicillin

Strain # FDB11-11 FDB21-6 FDB24-1 FDB26-1

Day

2ug/ml | - | - | =1 -{-|-|=-1-1=-1=-1-1-1-1-1-1+-
qug/ml | - | -1 -|-1-|-1=-{-1-1-|-/-{-/-1-1=
Bug/ml | - | - | -1 -] -i-l-1-]-01=-1=-4=-]=i-7-1-
6pg/mi | - -1~ -{-1-]-1-{-]=0l=1=0-1-1=]=
Rug/mt | - | - ~-|-|-{-i-t-{-1=-]1=-1-V-1-1-1-
6dpg/ml | -1 - |- | -] -|=-{-1-1=-]-1-1-t-1-1-1-
20-2. Chloramphenicol
Strain # FDB11-11 FDB21-6 FDB24-1 FDB26-1

Day 4 4
Qug/ml |+ f+ et sl s ls{ s+ ]+ ]+ ]+ +]+]+
dug/ml [+ oo | & n ‘ '

Sug/ml | - | - -|-1-]-]-1-1-1-1-1-1-1-1T-1+-
6pg/mi| - -1 -{-1-1-1-1-1-1-1T-1T-1-1-1-71-
Vpg/mt | - |- -|-|-1-(-1-1-1-]-1-1-1-1=-7-=
64ug/ml | - |- |-|-|-1-{-1-1-1-|-1-1-1-1-1-
20~3. Erythromycin
Strain # FDB11-11 FDB21-6 FDB24-1 FDB26-1

3

[
[SV]
[N
s
Do
w
AN
—
= -
w
>
—
\V]
w
IS

Day

2upg/ml
4pg/ml |
Bug/ml g
16pg/ml | - |- |-1-1-|-1]-1]-
wg/ml | - |~ | -1 -{-|-|-]-]=-'1=-]-1=-1=-1-1-1-
64pg/ml | - | - -1 -|-|-1-|-]=-J=-i{=-}=-|=-1-1-1-
20-4, Vancomycin
Strain # FDB11-11 FDB21-6 FDB24-1 FDB26-1

e
4+
4
"
+
+
+

+
+
e
t
|
|
!

"
Y

*

+

+

+

+

+
|+ ]+]4+

+ 14 t+ 1
L4+ |+
i
!
i
i

Day
2ug/ml p# o el P et b+ et e |+
dpg/ml - | -1 -1-]-1-1-1-1-1-1-1-1-1-1-7-<
Sug/mli| - |- | -|-1-1-1-1-1-1-1T-1-1-T-71-1°-

6pg/m | - | -1 ~-]-|-|-|-1-|-1-1-1-1-1-T=-7-
Pug/ml | - | -1-1--1-{-1-1-1-1-1T-1T-1-1-71-
Gdug/mi | - | -1 -1 -] -1-1-1T-1-1-1-1-T7T-1-1-71-

— 233 —



Fig. 28. Change of cell population during large scale
fermentation of feathers
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Fig. 29. Change of keratinase activity during large scale
fermentation of feathers
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Table 21. Optimization of starter culture: cell growth,
keratinase activity, and pH change of co—culture
of 4 FDB strains.

Strains Cell Keratinase ol
population Activity
11-11(A) 1.0x10° 1.1020 8.07
21-6(B) 9.0x10° 05211 7.79
24-1(C) 3.0x10° 0.6493 7.71
26-1(D) 2.0x10° 1.1679 8.01
A+B 3.0x10° 1.0138 8.06
A+C 1.1x10° 0.9943 7.87
A+D 1.0Xx10° 1.5132 7.83
B+C 3.0x10° 0.4050 7.81
B+D 1.0x10° 1.4588 7.88
C+D 15x%10 1.3741 772
A+B+C 80X 10° 1.2242 7.69
A+B+D 8.0% 10° 1.6662 7.98
A+C+D 20X 10° 1.5562 7.88
B+C+D 40x10° 1.5292 8.04
A+B+C+D 3.0x10° 1.3449 7.88
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Table 22. Optimization of substrate utility by starter cultures:
cell growth, keratinase activity, and pH change of
co—culture of 4 FDB strains in commercially
available feather meals.

Cell ..

) Activity pH
population

11-11(A) 3.0%10° 0.1891 8.23
21-6(B) 3.3x10° 0.0885 8.43
24-1(C) 2.0%10" 0.0826 8.22
26-1(D) 1.0x10° 0.1690 7.65
A+B 7.0% 10° 0.0667 8.04
A+C 2.0% 10" 0.0605 8.37
A+D 8.0x10° 0.3677 7.76
B+C 2.0% 10 0.1497 8.08
B+D 1.0x10° - 0.0821 7.80
C+D 6.0x10° 0.1399 7.69
A+B+C 1.0x10° 0.0821 6.26
A+B+ D 50%10° 0.1791 7.70
A+C+D 1.2x 10’ 0.1452 7.80
B+C+D 5.0 10° 0.1258 7.49
A+B+C+D 5.0x10° 0.1398 7.78
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Table 23. Utilization of 6 different feather meals as substrate
of optimal starter of strain FDB11-11 and

FDBZ21-6.
Feathermeal cell - Kera-tir.lase oH
population activity
A 5.3%10° 0.7854 7.57
B 5.6% 10° 0.8673 7.82
C 2.0x10° 0.9202 7.65
D 5.3% 10° 0.7870 7.74
E 3.0x10° 0.9280 7.78
F 1.3x10° 0.8240 7.88
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