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Abstract

Chemical and physical properties of sericin and fibroin powders extracted under
high pressure and temperature from silk cocoon boiled water and silk cocoons were
studied. The results indicated that molecular weight of sericin decreased as the extraction
time increased, which influenced the functional properties such as gelation, water and oil
absorption capacity, solubility, surface hydrophobicity, emulsifying, stability, foaming
and foam stability. Sericin extracted for a short time had higher furictional properties
than that extracted for a long time except the solubility, emulsion and foam stability was
lower. When sericin was used in beverages, it precipitated at pH lower than 5.0 as it was
near the protein pl vailue. Fibroin powder produced via alkali digestion showed similar
properties to natural fibroin fibers such as. water insolubility, Under simulated
gastrointestinal (G} tract conditions, fibroin was partially digested by pepsin, trypsin,
and alpha-chymotrypsin. Based on results from oil trapping test of fibroin, they showed
that the amount of free fatty acids in a foed emulsion with and without fibroin were not
different in the simufated GI tract conditions. Although fibroin powder dispersed in oil
well, it could not trap any oil in food emulsion systems.

Key word @ Sericin protein, Fibroin protein, Functional properties, Silk cocoon
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- i = ) r:i ilrsy . v
OHFTHINAIINAGNT cross-linked 1 AHH 1N TALENE 15U 52001 racemic 16
o L= LTy £y Qs n . . g’ o
A T saudTau I weud agar/agarose, sodium azide a1 siaeinleeey thly
) ~ 13 [ ' qy a 1 i
qui 60°C udaunldilusunneiald 24 $2Tue wiwmafdezisngwaziauannsalums
s :;,u =l n‘j ar =y o A @ 1 =1 a2 aaa ks
gaandige anvedemnWauniowadana i isAugigsusuesidssney 01-60% azanse
WHTan 1AG4 0.01-2.0 keffem’ oz 1hen methyl butyether (MTBE) ponanueanssod 14 au
Banion agarfagarose U0 1SAUTTHY Wio polyoxylethelene 118% hydroxyalkyl cellulose dlu
ar et A Q) ' = -3 ] = 1
TAANABOL LU MTUENYD IHANTEH DB upaneand Tnomwiz 001909 IH Ty TEH I
MTBE uaziniues (Yoshikawa et al, 2001b)
o “ T . .
6. JAGMIIFIMAFININN (Functional biomaterials)

s - e en o 16) 4 ! [~ T =
vinmsi hlsaugiFuanniaiioglugiduidanuudans wazdangu 18731490

¥ A

- g . ' o d oo
MsndourIouiandun 18 Nakajima  (1994)  wndannsethidy TsAussag i

9
£

e . a4 e o _ o 4
aavilsenoludy liguid crystal il Rautly distortion-free high-quality liquid crystal $3@15150
~ ot o =t =T ! ar ? D‘J 3 o o
wionldnnnsima T siudsdun 1denmsduddlulududean iy 2 dalue ansusise

g =Y ar | 1 =y nsj o Ny =y =
TndaamnFunazionsisa @Fasdm 2 da 1 TanlFen nmfhn il saudiaunTans
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q‘ :} 0’« U 3 dl. ar ::; 1 a 3t i
#lalazaehndundinges Ao ldndouuiaed s waaasdwd s Taomsmpey
a i = 1 =
RENEIAWADIN57 100-5000 TOURDUIA
P=1 o o o 24 A oaa & 9/ A ey 9! e

Tanaka ct al. (2001) AnImMsiaaaeunn I sdudssume i uniog
> = Ay o uy 3 & g 3 ¥ ] @ o9 o i
rtuietlsdiumsmzreaihols damandssgad 149 dedan e lussuwino
=1 1 ] P ¥ [ I oy @Y L 1 o4 = :f @ 8 &
WUA 9 1 G0N duEnde TanTeredaduaemuuazusuie davsdiansaldmantg
auuuazndsnuietasiuginmquazdai lidedanisanaiugde

1

A aaa o = oy ar * 2 e = W Al < 1 A .
lsAuaFgunwaeyvuiiaad e ssodugaauiddani i 1ddlueded (i, 1996)

f’id

3 b A S oo 4 ) -3 b A =N 1 o Bl
o L Tl saug el m;mmJfml"ﬁhmuﬁm_lma“lﬂmﬂﬁ@mmmqnm'm Mldianu

¥

pumuAsen nzenan: lindansaudood iz iuds
b
ishikawa tazan (1987) wuiniai T aAnas s iiimda luanavinalng edould
o W Y 3 : = Qs = o ot uy 4 1 =
N3 Tvudu i 30wy wauduTndweSaauseazaslnih 1 Tnamwizediads
= = a' . 3 - 1 = !
Twa lvioueaneaad  (Polyvinyl alcohol; PVA) iniwnfenduuurunaadn  soliudh
= ) o y a ] ks i = =y " wa
pungifidlinasy 24 4 Tue dedweiuilaiiegs 18l Anneiaaudide xeray
. B e =Y . Ty T =1 9 [~
diftraction  Hazndoaganiiribaaasauriageaniia  wundaudanani Insaediaduam
) = i 5] ¥ Yt = A ey e e ) <
microphasc-scparated  NHANMOA LT waznuanuiowlan  laedlauiings 164 TsAnassudly
Arurau)szine 10-30%
=4 . + Y o ) I o't =
Tl 1978 Mivairt waz Sugiva M iudoninsasuen lanitiming Tndmaaa
.. ) = o R . o 3 =
WHUAAY cross-limked sericin film mntymimﬂlamﬂu cross-linking agent a1 101 Taaitl
a1ng laaimadin e nialunsnudonmion  nudsussiueed lufnuasinuadeidie
et =1 @ oo 7 1 @alm = v a
afspurisnsuenlalErse (free ensyme) u@ad1alsnanangsun1sna 3 Tiganniin Asakura et
. 1 Y o = s
al. (1992) uag Demura etal. (1992) 318 mdmanaatiou luing lndoan®iae (glucose oxidase;

e

Gopy vuinlmi Liumisdendon Tasl s azaoasduIdivssy ields

SJQ

Frod1ams

i
oo

2 = o ooy =4
ﬂ?ilﬂﬁ@il GOD 'l"'ﬁJﬂi]ﬂ‘]ii’fiJ"UElx‘lﬂﬁG]%Q\‘HBNbi_ﬂﬁ]?f\‘lklmﬂﬂﬂﬁﬂﬂﬂ%@ﬂIﬂﬁﬂuﬁlﬁﬂb’u‘ﬂ1ﬂ?ﬂﬂ’llﬂW€]"1J

ooy

T luwnsssfmemnmiimsaiouidemsazatenaysz i WWs8uds sunas 1 s 5y

! . ! T As P YR o A& A s
uazdmnszuun i Fsmea sou e ldsuieden M immsoazan1dlnh G
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[wamoto et al, {1995) 195 sudodenr1ua 1M Ha L TsAugsF ) syndiotatic PVA g
= Qe 1 o enen o
anmnaaiansmsnuaza il h I unsadaow el soehamewen TUsfuas duas
= <t . M . & O Ay oA < =t 2 -
wanmty coil-o-f3 Wehimangadummiuen gsldun 1deiinnuudas e il lunsads
o i I EENE T 9} a ) ]
wulsl Gop  daumsngaves hsdudiduiznitansldouih id Tasmsntondedandiu
12 o 7 Ve A ' as vy W & S A o ' oo
M PYA MidTamaun e udodondiuaanaa 1dunuin lasivnssuvoudodond wiinu

& 1A = o oy &
ﬂ?ﬁéﬂa@‘lm$ﬂﬁﬁiullltﬂu 20% DIUgsny hum S IADUH



il

@

7. TaQ¥30IWN19NIIUANE (Medical biomaterials)
@ s % = @ . - u’/’ =l S
Tsubouchi (1999a) T Taqlasnu1Aamia (wound dressing) FafifialushugiFuuay
=N t qr 1 ] 9 = 1 ¢ Yo
T Tusbududimlsznenlunsfavnnausa wod  elduwamisainlashiseldifans
=) v A A £ A = a o
naaaonvosriadindladagathausneen  Fusuoninmsanuiaglailnunaiidy  non-

crystalline fibroin fitm Hivhuiludnlsznauisyane 3.0-16% sazfinnumnysznas 102100 Lim

dqj o u} o T e 2y = 13 s
naduhasne Teaiatnuraid dvsauszn el sauasauuas T Tusdudiy (Tsuboushi,

19995) Tavildudanandszauarmdu crystatiine Fooni 10% nazaumun 10 -30 fm Sarm

2 cei @ = ar 1 y- 1 o
VWY 1,100-1,400  kp/m' dedaallathnusasenananniaazawiiddosnd 10% #

gungiites

NN

TsAugsduuas I Tusdufimunszuiunsda Wiy (Sulfonation) vzilnumnialu

o @ e kY , ! Kcs i = as = ¥
mi3tlesiumstudailude (anticoagulant properties) Tmmsﬂﬂmmmimuniwmjﬁﬂmmu

¥

10-90% a3l llshudiauniolvson  (Iuge 05 500 wiweslSmaTilsduwy  w1ld

B4
a

madasndalbudui 20-100°C Famstlosdunmstudauteumuizdmsy hepatn Sniis

9t = A =] o = = 9 1 =g e
awselhadouasuumiosiouns  uazdildss@niamlumssunumsdhdrzuugiduiy

= e

b W
w09 150 arasiaitaannsn s tesdumssuduiudeuiinauaslundtuunzady Tny

9

' ko
tiaetloanunIsunI NIz 91 Ude HIV (The chemical dairy; Japan, 2001)

wonani hlsAugiguiiignamitily semipermeable membrane i1 l1in3fo119nd
P = Semoay é’i Er = ey oy o Yo~ a 1 w [
dvhhauaianhinausuwalyga ol lilsiudsguimbhndudnlaaddosineendiuma

' I

TufFsnaidesns  (control  release) uaznnmseny N TsiussFulignidueyyadase
w & a o A . & A o P o o =g Yoo
UBINS MBI A 198 oxvgen free radicals cm%ﬂu’nmimmaamﬂmmamﬂumm@ﬂmﬂﬂ

o i A w & e =y 4 A e o &
Tanusie anwud Tsanaesioavilaain vennintiufiignigudeuuaiitmnariings
<4 ) o o =4 . i 1 or q Y =4 r_‘? 0 W o <
tuamgea lsadaniy 1wims antioxidant Wosneunaliimes 3y swadeandsaluwad

g . . =] a4 Ao E 15

LALEA AT (Chvajarcrnpun and Siri-Upathum, 2004) anmsifauzG a4 vg lunymanoy
- i S = P 1 @ =t =3 @ o P! = o ¥
(Sasaki et al., 2000) WLTEANTENIMMIaTUMTTIAd Ny tian uinildon uazuaaioudia 1d

9 & . . .
ludnineans (Sasaki et al., 2000) uazmmmﬁﬁmr@dﬂiuwwﬂam (Sasaki et al., 2000)

2.2 Ylsalsllusdu (Fibroin protein)

I3 o
2.2.1 lnsaaamzeandszasumaniivedllusdu
=3 . . o Pl . . i
WTusdu (Fibroin) ihumsdssnauTils@mlsznndule Fibrous protein) Agnadim
VINADIUTONE TN A0 d 1 (posterior silk gland) Y0 IMUBTHY Bombyx mort 1103303 14
md‘ 4 (=1 o =Y r =t o o t ¥ Qs dy
dyupiilszaoudismsSosdimuaesnsaogd T 6 v Sosdwudlunyios g

{(Gly- Ser -Gly- Ala -Gly- Ala)n
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mowoimtl lnauesT1)s@u I usduiiTnseadunfond 2 wila A Olsilk 3o silk I
. A . A 1d_| ¥ s & =
uaz antiparallel -pleated sheet 1130 silk I 1as OL-silk 139 silk I fluInsearesssumaasan
E=) =y c;w 1 r 1 s é { M
vaaTilsdu T Tusduvazidsedludosdumdwsanuou lvuFuilulaseadrai hiados
8t ¥ b ]
awnseazaigldluiy Tnseaefildwdosves sik 1 fozndouhleglugil sik o senis
g Q@ i . . ] R . -:& 4 as
nszuaumIgnlatazmyadiedalng Teoliens intermediate 5514 silk I uag sitk 11 Faildnymy
£ tiquid crystalline phase wgniuseninszindnlotazmslumsGesiives wana Tusdu

] =4 a @ 3 9/ dy =t = ] 3
odnubusndoydnandagaiaduduls vennniinswlasulasguvgiuazdrhazaiwdan

femdonianleouialadinsardenn siic T sitk 118 @asaastugili 2) (He et ak, 1999)

~ 100

i3

< L

g 80!

?; 28] ; B ~forn
e e .
o 4057

o %\ a-torm
" i

o

o i!

2 P rRB R G0
i
i
i

M T S T R £

3] N gterm, Concnl%)
5 =201 :

A'c; H i et

- ! dUftarmy
£ 401 | !

pe b e CRIVGOM A

o -80F ! B ~tormd
o i i

G -80; |

= i

o |

84

T 2 manoamaniBatmlasgungiaednyae Inssadhaee W Tusdu

TN Kaplan et al. (1994)

1 v
3 = = 5 oy = . r o
WTusFud ldnndu Tnndu i lusdurila sk 1 Biwansoazainldling Twana
T } = @ o = A o < = =y @ 1 1
WsauSwdndusaiivuiidasasiiulasagddanynSvsinilumuua b
. ' =y =N ar ar
(antiparallel [3-pleated sheet) usinzeawofmy InAnArm13ATa71L8 (He ot al, 1999) Tatrivse
i o~ C!' =Y 1 at r i
lalasaniniaszniamossiiudunse uazmafosdines dipole ofluuuduasdaeinld
¥ 3/ a t = = o = = =
nTsaTesnaninnuetosnn - @ueaddunlit 3 TwanadadouveaTi)shiu i Tusdu

by = N o
Hiznaudswediwl 1nd 3 oo @0 heavy (H)-chain Hvinalimanaysenas 350 kDa light (L)-

-1 & o = o

chain flvia Twanadszana 25 kDa vas P25 Fadumewsfonl Indhfivua Tuanatszue 30
kDa (Tanaka et al., 1999a) Tulasead1lguniivog L-chain Usznsudao Cys $119u 3 wiiae lasdl
2 miweglugilvesiusy inramolecutar disulfide bond #3180 1 wiho sgidwmisd C-

. 4 A ' ' =y a ar ¢ ar . . .
terminal end o duiludiunad 1iusy lada WAty H-clain polypeptide (Yamaguchi et al

)
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1 ) { A 1 (=)
1989) dau P25 1iluTilsauastialnalallsAunilsenoudie oligosaccharide chain oudDmONDA
mal lnddae Asn naziweudeny TuanaiBedou H-T. complex #361153 hydrophobic interaction 1%

Wuse ladfa 1vld (Tanaka et al., 1999b)

(A)

o hallx "335‘(:“ %
"

Metnd

Hydragen
hends
‘(B
amine acid 723
Hang iy side chain fishest
hydrogen . e o
carbon L ',},p 22 ssweey =
Fy S5
o p : B x ; A, { ‘-
il carbon B
p R 8
4 / nitrogen
peptide T & % n
hond .,Jﬁﬁ' D g 2,(; |
oxvoeng ML,
> e ‘
hid § T 3 . i 2 1
P ¥
b' a & L I S
v ff p .
L OBog ;.

it 3 drumzTassatovosTilsiul Tusdu
e (A) Ao anvaelasediuuuyaogives Wlusdy

(®) fio dnvaiz Taseadnusamenaamil Indves T Tusdu
‘ﬁﬁn: http://www .bio.miami.edu

http:/fajerpc.magnet.fsu.edu

9
aaflsenoumanaiivesTisau i lustulszneudensaosi Tumodu S
$ounz 60-80 YBIAI Crystalline (HAAMIIT et UYDISWNTABLN TU Gly-Ala-Gly-Ala-Gly-
¥ '
ser faunsnezid TudunaiivuesdlssnovvesTusau fie Inafu (Glycine) ozaiiv

(Alanine) 1951 (Serine) a2 1nT5%u (Tyrosine) Tua/Sinaiunnaiaiu @auaaaluaiiiam 3)
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1089) dan P25 i T1ls@uaiialna TaTalsAufitssneuda oligosaccharide chain 1fouAD WO A
mﬂ“lwﬁﬁ’m Asn taziouaeny Tum Qﬂl%d%ﬂu H-L complex ERTITER hydrophobic interaction ila

Wuszlaaa 1WA (Tanaka et al., 1999b)

(A)

" Pleated shoet

v B

amine acid
H‘b‘“?f’ by side chain
hydrogen = é*n ; 3

carbon ‘ﬁ)’::
Yy L 4]
-'-’@n » 5

gL 0 !n i ‘Q\ carbon

“pehest

Jsseemy
&

L

i n!!ro;;tn
\ i ‘&A
pepttdu i B
bond

m\ygv'rx Qp ge"

B g <) ¢

it 3 dumeTasandrevesTilsau T lusSu
e (A) fie dnvaieTassadiwuuydsgivesiWiusdu

(B) Ao dnvae Taseadnvesmoneamil lndves W Tusdu
‘?‘am: http://www.bio.miami.edu

http://fajerpc.magnet.fsu.edu

k1)
aantlszaeumaniveslisaulWlusoulszreudonsaesiTuaedu 5 S1uaumn
faunz 60-80 ¥9aU Crystalline (AA91AN51589AAUYDIE1MUNTADE I T Gly-Ala-Gly-Ala-Gly-
2 1
Ser safunsaezd ludulngiiiuesdlsenovuedvlusdu fie Inafiu (Glycine) ozaiiv

(Alanine) 195U (Serine) oz 1n 155U (Tyrosine) Tu/Sinariuanaiaiu @auaasluaiinam 3)
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319 3 odddsznevuaztFuiansaoz i TuluTlsau M Tus0u (molet)

Amino acid Total Fibroin'(mole%) Fibroin (calculated)’ (mole%)
H-chain L-chain P25
—Giycinc o M 44.1. 45.9 8.4 4.]

Alanine 29.5 303 14.1 7.3
Serine 12.0 12.1 9.5 6.4
Tyrosine 5.3 5.3 42 4.5
Valine 2.1 1.8 7.3 5.5
Aspartic acid 1.5 0.9 13.4 123
Glutamic | 11 0.8 7.6 6.8
Threonine -, 1.0 0.9 3.1 5.5
Isoleucine 0.6 0.2 8.0 6.4
Luecine 0.5 0.1 7.6 10.0
Phenylalanine 0.7 0.6 3.t 6.8
Proline 0.5 0.3 3.4 5.5
Methionine 0.1 0.1 0.8 0.9
Cysteine 0.2 0.1 1.1 4.1
[.ysine 0.3 0.2 1.9 32
istidine 0.2 0.1 1.9 3.6
Arginine 0.5 0.3 3.8 59

“Calculated by lotal amino acid composition of H-chain, L-chain and P25

“Caleulated on amine acid sequences from protein database

A1 Tamada {2004) ..

2.2.2 Uszowrlvea i Tussy
ol siu I Tusunindfule lmnliznen hidrensaozi luiifiganwnme

Inedufiannsotlesiunsifethuazgededt nszdumsadlnalaou Glyeogen) ludy an

¥
ar o

FEAUIPIALAYARDITHINDIOA IMA0A (Wada et al, 1972) axafiudluundansinuiddads
zi;‘ d‘ L ar T

u
1 s =Y ' T @ ¢ 2
Li!@iﬁaﬂ'ﬁ?ﬂ&ﬁ'ﬂ ?Nlﬁ'illiﬁﬂllﬁhfiﬂﬂﬂl&ﬂi’lﬂﬂ?ﬂ LLﬁﬁ“ﬁﬁﬁiﬂ‘iggjuﬂ"l‘iﬁﬁ']ﬂﬁ]'lﬂl@ﬁtl@ﬁﬂﬂ@@ﬁ UKD

anoimiwi dosdudu dauweduilwationszduasitamussanesludqeoiy (Fie et al,



S A T s = w9 ar 3 1 q ¥ =
1999y wazni letlumedeinumsiia laiuluduuazaiuguszuunadinuvassane iy

= ] ) = o5 T
dnd Jaiimsth I Tussunlddss Tesilugaamassuomisnaisaas

1. 9naIHNITHBINIT (Food Materials)
q <3 ] = = ar et o . . .
Il uansae)iing Ifuuasfuanunad 09T nad pane Y (Yoshikary, 1998)

-

et = = Y = . . . = =3 =
lasimswaaaisazaw I Tusousin Tranie 19119 Foamed food material Toanisw s v la5ou
1 ) ¥
rinasazatedu i iiunsadauen lsausidueanainia lvued dnnin 20 nivazaisly
=y i < 9 g _ =y _ o A O ¥ =l o 4
AgazaeLpaEnuaan lsaYuTu 50% YTuas 500 Hndaas tanudeuh 95 °C dlunal g
a K 9 o ¥ g o ar 5 3 me L. i e ¥
i Tya daseliiuud ni lilddandosanaioding dialysis 210193050 ol voa 3Rz 00 -
! ot = !
Tusaunladauniaezdanli 1§ 2.5 ndniile dialysis dnade gahonoe Idmsazas Wlusdu
a ar =t ] = 2 o ] =S a o [
drsulgituarssareldime IMyuazmnwivauasdnn Iy lundadune sl dnyuy
Fo oo 4 A P A& -~ A 7
sponge cake foam HBNVINTEINNIANYINARDUWOHAAIATDIAN T extremely soft NoTBUGN 19
o % . \ B 1
o3 Tna iy w1 pivazmiosdniegunimdy o Tnomsdumisazaie Tl lusduadldly
s w o A A 7 ey ¥ o w P o o W \
pandaaai o waylunsaidoans rdadumansayndiamadsdiy pll voad1uNg
= o & o : ° iy R .
aaiia ladifes 4 Fuluga isoclectric point Wil Waaws I Tas8u (Kiyoshi, 1989)
Y o a1 [l
wenanldsauldlusauoinTvuazamia 15 s Tonhidudiunau Tasasdlu
o e Fd a o © = Iy 3 A = 1 4 96
nannueIns uazdalnsih I lusSumedathutio@enmimie 1 lugaavnisuanns
o ¢ ) . . .
Tag Demura 1ag Asakura (1988) dAiin1snanoen’wo la) glucose oxidase 11 silk fibroin
F W org A g = & o I ) <t
membrane A183501501901807w las 1 1 asein luasas e s 14 laonimnlaonuilag
-~ . . o \ =Y [
Ln54e519904 silk fibroin membrane 979 random coil 1))y anliparalle] B-shcct PREELTRIET
(stretching  weatment) WL AIANIHETHITO HAITUHI HIU fibroin membrane maaﬂgﬂﬂmaz
= A @ = Y - g ° 5 L= ¢ .
gendFaNanaudoTrAUNTIad nAL TN AT Ta lmsiianae geu laiadag il sik

membrane HnMuadeIaeninldounlasgurgivaz pit 18anivewlsidesy uaziianin silk

]
=

. . wa o d w 9 £ by o

fibroin RinMua lmynnguauiAadiuiaglunisasghonleindoon (Demura et al, 1989) T4
}ﬁilﬁi’Qﬂﬁl%} immobilized peroxidase (POD) sili fibroin membrane 111 biophotosensors dminly
TumiasasTanudinduae e hydrogen peroxide Man1nA701 luminol Teg POD 2zgna’eiu

. 1 14 9} . . , a as 1 . . q)
fibroin membrane 196 WM 913 chemical cross linking MIATIIRAT respone thme HAZAIAY
UDINT51T0 LA 99710 photodiode YHURAYJATH1 luninol WA phatocurrent wdainl§isen
" af
luminol HAMALTULUUAYAITIF AFuRTIAUA U UUe 9 hydrogen  peroxide TueETazaY
. =T q a . . I 13) o’-:l = .

nana i ua NN T luM T sitk fibroin membrane 114152 Toailunismaa biosensors

hlly T PV 97 . 3 - [ ' o emes E i
LFl meam”lmmﬁma@ﬂ% sitk  fibroin membrane 1'14ﬂ1‘§!?]ﬁ@UWJLNﬂaﬂ‘JEJ'IGH’,}ﬂWW
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A

. ' d M e oad Y 9 a & .
(biocatalys:) 151 19U T3] w3 e 9dunIa e ludrwilszneulumandaillu biocatalyst sensors
& F3 F7
TruM3IAADY electrically conductive substrate A18%FUUDI gas-permeable LA NAR DV LFUNDN
Yy gas-|
. . S . o : 4 . .
@12 silk fibroin membrane NI AIUHEHYDL immobilized biocatalyst 49 immobilized biocatalyst

Ay v ] ¥ 9y et A
sensor A latinuaen L3 o1 1dAnI frec biocatalyst (Asakura et al., 1991)

2. 9AEINNININ58381819 (Cosmetic Materials)
wiosdresytiansanidiunauuoans sau W Tusdy (fibroin powder) 1danaiauw
wiund 30 Tuazduiseuiueienteyne Tuilegiinldimsvhme T siu W TusSuan iy
' = w o s a =Y ! . . . .
AIUHANVRINaANMNAT 238 1919 KA 1w Ulél)!,m totion, cream, hair rinse, hair cream
cf o . o oy da
utlandanazadladu (Nasuno and Otoi, 1983 Grillier, 1999) Tnenilaunswihfdidmmauve

Iﬂ = ki =y = ey o [ = . = oy ] e 1 [ 1 g [
sa il lusourelinuandffrainlszms wu Imsmsaed l8a  vsfnmarmguiuun

= 3 ar o o & g ¥ A ° = WO =1 ' W e A
A Pesduianiadad ilinTesdonsdanuunlivgaaen iiautls bilvansuddide
4 ' Y@ e . o ° ] = o 4 1 3 <
Towndo waeliuiad melanin nszarwdrmivane Mliulsusouiutazganaiusssuna
1 [ A y o = a o3 £ =y as I'd N o =
Frwfnunaunauedniasdieinnunuy IndudgiueanlundadusiinTosdronaddu
Fifumaoun wdenar wazutlailaudy 1Aua eye color, fineliner 1182 powder brush (Ichiro et
= o @ & o A g =t @r = t t
al, 1999) Taald I Tusdudlugidudumsdde b Inudlinnuasds da1n nizowaals nude
3 o e et t d; d’ dy-:c/ o ar a9 oo
Arwdau uad imzAni 18a luvgeaondinmiossn wenanduTiv Kanebo 11a deldvann
(A309819719 facial treatment HAINKWAY 11 Fresh-up powder 102 Bio-powder foam pnra TuIay
y o e e A o e ¥ Sy ow A N T I
WTusduistimonnmdnsaiidemag 1dun iy Teoi ldudadeanilsniidiulahfogun

al

o o 1 = P = P 1
vinalunihezgasidnoon Tnenis e uadsenlsniduTlsfuooinnishaedaog T

auniagninde lddeny  dutludodde lwiT)sdwealsTas laddsanlinnnldsfudanan

-~ =] = Y A o P~ =N o 5 P4 ' i
lasanunduas wdanioad o nnunudidnnasve neu il saea NI IRTR AN TRRY

e S P —“ W H P f ¥ S ) e . o
wea@ Gy lilsdeansznaonladlildg Tanmwizdinldss W Tys@eandduasanusifui

=4 o o A =2 1 ¥ = =5 = u =
Tumazdlan UTE% Kanebo $1dmislAannmatianiasaeuamipan isdoaluld Ty
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3.0 AQNMUENIUNNY (Medical materials)

=

= : o = g 3 ar 4
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Woanuge  wenvindl TR I lusduan Tnudsildneniwlumsiauniiu biosensors 1o
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4. aﬂmﬁnﬁmaam (Fabric Materials)

”1mJnlummmmmmnmmwmu g ﬂu"lﬂmﬁuﬂpmufjw “sittiuradule wllyy
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= [ b o TR = ar g; a‘f =1
Woulumsssueaima gaguanpien Mldsumsauelinsgadivazssneanudi 1da

Y] : 9.} [} 1 1 d%’ 9 o 1 _ @ ; ¥ fiJcs'
aunsngadanitiannnifhe 15 o1 uaszuieanudiu ldi5ani 50% wazaaduanuion’lda

3
i 1 =y =y 1 = 9/
wiod 18 qandn 13-21% dndgampivessmeninasdiug uazduvmlizma 33.3-34.2°C ms

[ ¥ © k2 = 1 = ar i = SO % oi,: = o Y 3
alayar lnuezin dgangiiue st nnmeusnadimad nanauvte  31-33°C  duiudah i
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&
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awldidnauguluggruia upazduaslugedeu himiomussnuzoaialadh

1 ) &
Tuu  dwmgradand 1 dszmagiuiionadeuuazeiniemunilugae 1 1 Satanyadly
o 3
fhdoduls Tnufagannuaula dnnnindulodansizidun wanuinoy T Tuudhs
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A monddledansgd lusoudunmaum i \ddenaunysal  iflesvniinaumioues
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NI NTHNINY

(Materials and Methods)

] z:; = [ 1 = : ¥ as ol
gmn 1 mansoudledianadshuoanhdnialnmaz il
= ot oy
1. manIenslvwuay
' i
slvwaudvnanueu vy Bombyx mori R5U011010NHATNTTIBGE 17151105
as A o o v a/ = 3 a 2 o w ! o 34 =
damimihdanudeannnssivuay  tindwianuazeediemsniarsluld aneduazieuds
' Ay 13/ @ = @l = Fy Q1 ar | =N Y
antsneie 9 N liaeemseenInga lvuday asnvuiavesis hduiemsdadosss iy 195

alsEI0 1xlem.

=l @t T ) Sy A
2. MEMsENA0ENIRa YT AnaT Y
2.1 msadanenldsaudSau
e lnudufirunizuimsanuinanagiiazotauiinsada lWshudidueen
9 3} ﬂ‘/ d‘ SJA;. o e oar af e ar = ey e dlc
Amhinal ewnTzuun st iaouIadntias 1y (ardtmsadallsiugsan  mundive
- o [ L% é QA
080595) L@sm1m5'§Tﬂﬂmaﬁlﬁ'mmﬂugmgﬂ3111%’@14qam&fhmﬁammmﬂu (autoclave) (Sanyo
Labo Autoclave, Sanyo Electric Co. Ltd., Japan) figmvinil 121°C I 20 30 40 50 60 90 tay 120
A o Aq g e S I L X @ o o
Wi desnsumudvuanad 1y lumaaia  deg R UMIENANINENTEH T E IUUB I3
hl ngjwul P g;.ieomul I,Aﬂl.dir als.' 9 a = o,
Munazieui 1 lnueonnniu savahd g uimas hlepludenasiasuiguugil g0°c
, ¥ ! S0 3o o a = LA 3 2
WL drmTazaen A dims izl Toae waaianuauaz it
2.2 Msvhuiallsaugsay
o o W w Ty @ ¥ o Y A a ¥
nbena e ennnmsade lWdudsdomiosiunimasnszuen  Orn  diy)
p 3
(Drum dry, New Way Manufacturing Co., Ltd., Thailand) T%lﬁﬁummaqgﬂﬂadﬁﬁgmmqu 120°C
=1 =] . _ T = uy./ 2 o w 1 A mea A o W o
UBZUAIMTITOU 83-95 JBUADUID  91AHUHTINA98719 TUSAUETTURH UM ¥ LTINS
iy d’l’ ! A . " o ' q Y =1
naalen3e9ily (Blender) {AY46R4, Moulinex, China) m@amjmmmmmm1ﬂmulmmaﬂm
3/ R o o ean oy a 9! 3 1 . .
umNumﬂTﬂmumwumﬂ@wmmamﬂwwmamu (ZM 1000 Vibratory Sieve Shaker,
.. ~ F=t=-Y .:; 1 ] '
FRITSH, Germany) TﬂmﬁammmwwwaTﬂsmumimmmumuﬂﬁwmmLéf’uwm@mﬂa'mmmg

o — o Qe =i usj 1
0.075 mm. HAIMIAANEZ Ty uan 1y ﬂ'wmw?umumuﬂahlﬁ
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3. msmssudulylluseu
. 1 i
Felwudruimdon luannsnazame lddrehmnnszuiumsaia lusauds sy
o o a 24 ooy oy . - = | & - = a3 o
MM INIa BlsAuaTaH  (Degumming)  Avaumasesgoonnmaulellusdy  dwitms
B
sau1la191n Yamada tazaae (2001) dil
At G e Y 1 . B W ) Y - 3 ar
T 1 AnFabruduesazaeas Na,Co, Rsgduarmuduii 0.05% (wiv) Tanl45s
1 W
Tyt 1 augaasaraneais 50 dau Mgungi 100°C WK 60 W MAsAuiiua 1 ase

qdr.:. 4 s T r'il ar q) 9t 1 ¥ as
350 2 A Inudumsazaioais NaO f1528ua 119 0.05% (wiv) Tasldi

»
o

Ty ¢ dhuspensazanoany 50 8o Agatgs 100°C Wi 30 Wik Himsduiwau 2 ase
359 3 dudatnuiumisayaieane Na,Co, Rszduanudiud 0.05% 0w Tnoliis

1 @
I 1 dudomsazaisnia 5o dau Nguugil 100°C WK 30 WH Msduimam 2 s

r ¥
Sy el ¥ o ©

¥ 1
351 4 Audalnudviiazea Taelddaln 1 daudeis 50 dau figmngid 100°C

2/
@

= o ¥ oo
W1 60 WIH HaimsAudiuou 2 afs
Qi a o e =, ey 2y St ' 9y 5/ o o 3/ st uy
vasnimside lsugsiunnainnanuuditnedu sxriialmnndedaoi
avormaumuasiie 1 1 Tusdud 1 ldeundumsludeuausauiiouuni 20°C auuds nintiuy

o ¥ ooq v = r:': o o g P=1 e ey ] SJ 3 .
dudule I Tusauirud e Tdsaussduundosfiona s SEM

4. maeseuaatlsaulilussu
4.1 msdeendulalilusdudisonlaniniamsdt Ao Alealase Neutrase iaz Papain
Fudulol Tussuimnin 100 mg ldasluviasaneans NAtANIaE Y
Tme51151na5 10 ml aslusasanaaos (pH 7.5/Alcalase, pH 6.0/Neutrase 1ng pl 6.2/Papain}
e (s Minishaker, IKA™ Works, INC., USA.) 1y ﬁw"lﬂﬁuﬁqamgﬁﬁﬂﬁmiwﬁ
UM 15 1% (55°C/Alealase, 45°C/Neutrase 1ay 25°C/Papain) PN Alcalase (EC 3.4.21.62,
Alcalase {rom Bacillus licheniformis, Novazymes) Neutrase (EC 3.4.24.28, Neutrase from Bacilluy
amyloliguefaciens, Novazymes) 118 Papain (EC 3.4.22.2, Papain from Carica papaya, Fluka) 4 1)
tuvasanaaedlaslinislunasananaafinnududuroneuladia iy 01% 1.0% oz
20%  Tarhaiin - wenlfdde  @wiudodueamuguazduen brdfidsanmndons
Ao lunisiens Tasmsdneu sl WanuZautududonun 15 wi udiaudya:
Wluvasananas) 1,111@7’3@613171?@[15“11«?.&@u"icﬂﬂﬁ'lﬂf]ﬁ?amm 14 91 Teeluane 7 Juusnas
nJﬁaumu”lc::;ﬁm 24 2w wdmmiezinstssiony 7 5 uddanadulondaims

UBudeg layal
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4.2 msgeadulyllussudrsarsazaianis

w T =t = at Az . ¥ o
waeualosand Tlsau W lusou Tasdaulaadt¥es Tsubouchi (1998) AruniTih
¥ 2 d‘ ] . o Q e o 3 r/ a o 1 - ,i{ . I cl’ a4t
W TusduiiumIddadiauoonuaudy 11dosd0a152018A19 Na,CO, 11350 NaOH TaeTs
Araza1ea1an pll = 12 uaz iieasaiuves W Tuseu 1 daremsazaiean 18 a1 Hns

[l =) G n 2 czl Ly -
dou' i Tusumetdanudunazanyfougumelunioidwiudy  (auoclave) (Sanyo  Labo

=

, | A TR {5 a 9
Autoclave, Sanyo Electric Co. Ltd,, Japan) Ngaminil 121°C 11w 30 il iWensunaiidivuali
o = 1 Y a o W ' o 3 oy t
i ldinsdunldlugaduioiimssifamsarardweanuaziiundrediniarenunuadig
' = Py 2 w Er o ¥ ¥ A -
@3nimniunsa-aidionszaednds)  nmindai hlouiansluderenieuiigungl

¥ 2o

80°C wure  wdWehuhimsasviiadlredinde asdannaa ldivuamnas Taovesi
AEAAVUIAUYY 2 VUADY fo MIVAHSTULAZLABZIDEA lAsnITuansILIzuade Indauaen
L . . v 4 _ y
W301n309111 (Blender)(AY46R4, Moulinex, China) HasUAa=BeAR10@30d Ball mill 211100
=4 s 9/ 1 . . . . "
I TusduandAevadiomsldmzuni a7ou (ZM 1000 Vibratory Sieve Shaker, FRITSH, Germany)
o Y N 1 ke ’ o
mmﬁ@mmmmzmw11.;5@u1ar41umuﬂawmmﬁ’umu@uaﬂaNsumg 0.075 mm. VIS
o 4 [N = [
INTIEHAMAUIAN AT N1 wAD 11l
AN 2 MITANMIAUAITAN NI (Functional properties)
= 3 Y v doy o PO
1. msanulassaHamoluvesnslnudiendesganssaiddnnsenyiiadensin
{ Scanning Electron Microscope; SEM )
F) @ 1 9 o =) ey ey oy 1 9 3
WIHNAIDIHAEMTIIH WIAUST Fuuaz W TUTBUAea UMY swb  JHH4
g B
AIDI1NTEPEATUUWURIVDI swh B819U13 9 INTUMAITIAEOUAI08198 8N I 4 119
v : . . . . 0 I B
AIIATD Ion Sputtering (Ion Sputtering Device JFC-110L, Japan) mﬂ'ﬁﬁﬂwmmmaﬁmamﬁlﬁ’
o 9 I o =0 {o o 1
AIUNABIRANTIAUBIANATOUFUATDINGIA (JSM-6400, LV, JEOL, Japan) AR& 1918 1500 111

TSV Funazimasues 4000 widmsusa I Tuseu

£ ~ b d'l. =Y d 4
2. ﬂ1‘5ﬂﬂ‘l&ﬂﬁlﬂ1ﬂi’)‘i—éﬂ1ﬂﬁl@ﬂﬂﬂ‘1wiﬂ'§®uﬂ’z]ﬂ!ﬂi®\ﬂEﬂﬂ%?’i‘ll‘lﬂﬂﬂﬂ.ﬂ'lﬂﬁz‘ljﬂmtcﬁ@i
( Laser Particle Size Analyzer)
= . o v = 3/ A =Y o a
NAG 1334%11'}@@15511?1‘1]@3%3 h“ﬁ‘}_l'ﬁE]Hﬂ'llﬁ]mﬁE)Q'Jkﬂi'ii‘fﬁ%U'lﬂﬂHﬂ')ﬂi%H_itﬁl“lﬁﬂfi
{Master Sizer, Malvern Instruments Lid., UK) W19 Helium-Neon laser Lflmma'qﬁnﬁmmé R
a o = . . PR 1 :
ﬂﬁ’)m‘ﬂ%ﬂﬂnﬂ@@iﬂgﬂﬂﬂu’]}fULﬂUﬂ {Wet Analysis) Taons ldsaognaaalu Sampie Presentation
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3. misApd wndesgansmbuylfuadiwailse
“
Pdanaisna llsausiaunas W lussunauunszan cover slide 881901 9 910U

B ¢ S o oo '
ivlildesdnendeagansmimelduasTwanTsd (BX500 Olympus, Tapan) Add svens 400 i

a 4 o ¢ o d
4. mafasinsiadiwearnd luseu Mumiesimnzvasdsznoniadeny
{ X-ray Diftractometer; XRD )
N o 4 . . .
Tasaadiavons i Tus8ulinieiaiunied X-Ray Powder Diffraction (D5005 X-
Ray Diffractometer, Bruker axs, Germany) iﬂﬂmsmagmtlviimauﬂ alu sample holder 49 $#n509
. ¥ oqw 1 Y = b W 1§ oy s Y - < 4y 75
XRD udalguruudinad e sdiod e ldGsnminauanu Himsinsed laols Cuk,, i
1o = | o o L] o
unasiuiaafond (A = 154056 A Jalugham 20) 3 - 50 var Tasdmuanszie 1 40

o Y ' oA o 1 { Qy
ma fnd i 40 kv anudalumsasivia 15 samdewnd Guinufiundia s wazdugaly

EY

W 50

=Y

1 d‘. = ey A E2) c‘{ = o Sy
@IuN 3 s anihnvaddsauldlysdunaz 335w

1. mﬁﬁnmmmmmmﬂlums@wfm% (Water absorption capacity; WAC) tazm
sufinnaannselumaazaienit (Water Solubility Index; WSI)
ﬁﬂmmmmmmiuﬂwaﬂc}?’uﬂyw (WAC) unzmdsiinnueiuisalumsazai:

(WsD voaragiaunaz v lusou Tasfin1anaaoida0n158a1t 0935909 Lampart-

Szezapa ct al. (2006) lasnrvdase Tusdusinnmin 1.0000 g Taaslunaoa centrifuge ¥1118 50 ml

S & qa § Y ¥ w9 v n 2 Al WYy e
Wﬁlﬂ”ﬂﬁlﬁlim1ﬁﬁ 20 ml ZNREN] lﬁlﬂl’iﬂu@’lﬂﬂ?ﬁi‘juﬁﬁwuﬁ.é 2 U ﬁﬁaﬂﬂx‘lwﬁ‘lﬁq‘l@} l"ﬁﬂ

RUMYLHDI (3042°C) w30 wifl ienTunaidmua ¥ lmI e (Universal 16R, Hettich

U

- . i o =y ~ i =
Zentrifagen, Germany) NAWN57 10000g 9 10°C WL 30 WA wmveamatitdenonain

b1l i
1981 Mmstiuiniminvesdieifieglunasanaaosazdiaunnumnsa lunsgady
¥ -

Q

'Hﬁ]'iﬂq(ﬂﬁ

¥ &
WAC (%) = waasvpahmiin ldsAuvdauasnougadingi x 100

Y
Qs o

'y
wiiare Tl sauneuanenii

u

3 i
A NYEnnsalunsarasil (WsH Mimsnaass lasnsihveamalimienn
kY - @ »
msimsdnanuansalunisgedudnmasu meistre can AN mTngvew nintiu

o o 3 = =) qjj o o} g T
i hiihmssundaludovandouigamigd 105°C aunds i hildluTogaaudu e
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q % . s o w = a @ ay o o T { 14 .
W moisture can Toamgimiduguugives dmstuiniminuesdaogiafioglu meiste can

waziasdyidnowa e lumsazmeg 1Ingas

» [l 7
WS (%) hmiinatagienazats ludimdanseuud x100

¥

Tminur s dde81

2. mﬁﬁnmmmmmmmmﬂ%’nﬁﬁu (Oil absorption capacity; OAC) Usaea 1l
Winsfnu lasaanlaiFyee Beuchat (1997) 1AY Ahmendna, M., Prinyawiwatku,

W., and Rao, R.W. (1999) Taodaiognan Tl duimiia 1.0000 g ldailuvinoa centrifuge 1119
50 ml S s o (ﬁ?ﬁuﬁ’amﬁm AT1 DU, UTEN Thiuisine $da (W), 1Tz
gy o 9.0000 ¢ avly) wesldidisudsensTunasum 30 Juii Frvoamanitld i
guniies (30£2°C) WU 30 17 densunmiidimua thhilumdes (Univesal L6R, Hettich
Zentrifugen, Germany) TATILIEY 8000g gamnil 15°C 111 30 i s uMaIfiioannan
Foe vhmstuiniminvesiedisioglumasananewazdnas amasalunge

¥
W1 I U GRS

v 3t Y
ALE IR Tumagadiniui %) = #asvypaihvmin lUsaunduaznougagining x100

¥ 5
wmiin lsAunougadinigiy

3. dutivasanunihidlalasTdSafiusnamuiiovedli i (Surface Hydrophobicity)

Winnaaesdgomsaanlaadtninaasives Li-Chan ec al. (1985) Taold t-anilino-
&-naphthalenc-sulfonate i fluorescence probe daomsazatens TUsRun iy 1.0% (w/v)
frenhindu nazimsslfumasazalian pi 7.0 intniinsihuna Gsio fnangiiag
I 30 117 udn centrifuge ‘ﬁ 8000xg 1WIH 15 w1 supernatant nﬁ’mﬁwﬁmﬂ?mmiﬂaau
&1 Lowry Method 9101111 supernatant f1310A T RSBy U AR I A
Nae9613 Milede019d70ms 10 ml aaluvasananos Ay 10 mM ANS (10 mM ANS az@y
11/ 0.1M Phosphate buffer p117.0) 131195 10.0 L TaA1MS1509UTIU09 ANS-bound protein i
ﬂﬂ’!MU??ﬂéiJ exitation 374 nm. 482 emission 485 nm. (RF-1501 spectrofluorophotometer,

Shimadzu corporation, Japan)



4. Auantialumaiuwa (Gel properties)
FINTANEIIITA0Y Coffdman Uag Garcia (1977) lapaisshdiodians s
3 v Y -
azaneluthnduldianududuedlugiefovas 0.1-15.0 Tandnain insgamsazais Tusdu
. | Y o Y ¥ W 1 3 A o e A
U5u1@g 10 ml. ldaalurasanaaad udnitly lianudeudranmsusliniudeauu 1 92 1us gin

3

A 6w T T 2 W 1q g" < @ o o oo
ATULIATADTIHUHA u'1Wmm\‘lNW‘}”{’ITHLE}MI@]&LE’J ﬂﬂﬂﬂWﬂl”]frluu']lL"U\’] Nade18H WU l‘th'JJ"H

= o o & o e Y ¥ 2
gannd 2 - 4°C w24 uay 48 Tl duinanuduiudigavesmsazars lUsdufiannso

Wy e

Aannd Taedunasnminimaoanaaoadauaidioo i lvas ludnyae U0 Upana)

5. aaautalumaidh@iadlviosiveanalils@u (Emulsitying properties)

wmsanunaeidlunsfiudded oo svoldsAudSdunas WTusdu  Tau
Faut)aa3ian Pearce and Kinsella (1978) @aomsthaisazatsTdsdunrududy 0.1% Razas
Tu 100 mM TwReuroavlatividad (Sodium phosphate buffer) pH 7.4 51185 15 ml. Lmzﬂywﬁu
s (ﬁywﬁué"gmﬁm A51 DU, UTHN Suiuielng $ida v, Aszmalng) USums
ml, Vi lumaen centrifugeviiatiings 50 mi WidEwiedeii (homogenization) RO
Homogenizer (T 25 B, IKA® Works (Asia) Sdn. Bhd., Malaysia) Tao 14 probe $25N-25G fin1113 1
59U 13,500 S0UARUT WL 1 1T Taamainas amudlnlafuvesdiadulsinas 100 Iy
MMty 0.1% asazars lu@os lawdadama (sodium dodecyl sulfate) Y51105 5.00 ml,
per T s aomatlupem (MS1 Minishaker, IKA® Works, INC., USA.) im1iaminanumjuii
ﬂ']mm’mé’ i 500 nm (GBC doubiebeam UV-Visible instrument spectrophotometer, GBC scientific
cquipment PTY, LTD., Australia) Taeld 0.1% msazaie Tanden Tamdadonia {sodium dodecyl
sulfate) L‘ﬂi& blank LL@%LI%Qﬁf%%“LTli@El{%@-Q 100 md IGESLE]EIMW‘-lﬂﬁLﬂW&TﬂLWAi@‘; (Sodium phosphate
buffer) pH 7.4 U193 15 ml. ‘ﬁ homogenized ﬁﬂﬁv'lﬁuiﬁlﬁlﬁﬁﬂﬁil§ﬂ1ﬁi 5 ol 1y controf dan
Ansi e ssusTaduazaiadadu I Aiaamgiveay 30 wil uanTe il daauu fiuaw

= a . '
anuannsalunisiludiad ioos (Tsumura K. et al., 2005) 110903

EAT = Emuisifying activity index
EAI (mzf 2) 2T(A, x Dilution factor)
¢ x D 10000
do T = 2303 (AAafiUBIA A1)
A, - AU LAty 500 1 Tunmes

u
= vdnvas T saudanuaisung (g/m)
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kN o
()] = Sasrdruae)Suwsiiuludanaiuiaiua

10000 - patch length of cuvette

6. anuannIMlumIRaIuveslifsnu (Foaming propertics)
FIIINABEINTN IRV Lawal OS. et al. (2003) TamhsarateTasAun ity
B0 Tathvivin U3es 100 ml Tdluaddulefy vani @ EEa Ty Soedasihy
f"rm'?umaalﬁmmmmvﬂuwﬁ"a!%‘au {AY46R4, Moulincx, China) ﬁmmﬁ’;ﬁxﬁu'ﬁm@ (130
arnisTa 2) Wi 60 319 udriah ) dadsimsve vy laonslaly cylinder a3a 250
ml, mv?q Ianwgie vufinarmannsalumafaiduiina1 0 123 45 10 15 20 25 uag 30
Wi ud s ianngas

(YeyWhippability = {total volume — drainage volume)

s [nitial volume (100 ml)

3 PIFANYINMANTAN A (Chemical properties)
L. mimﬁmﬁfniumQammmifdﬁﬁuﬁm SDS-PAGE

3;ﬂ313ﬁmu1ﬂm®aﬁw1ﬁﬁﬂiutafgabuawﬂﬂiau%??ﬁué’hﬂ SDS-PAGE lagwisenmy
18494 Sigma Adaulanein Weber was Osborn (1969), Davies 4% Stark (1970) AI8MIn
MIATA1EYITFUAY Sample Buffer THIATIAIN 1618 2 10 micro-centrifuge tube HagiITIazay
sodana 1 I¥ar wden T ifean 3-5 10 Fama 13y ud 239511 Load aalu well
v wea U303 10-15 T lasdns Tnomsazatsnauuoadi Tufidumsasafissoznar 20,
30, 40 uay 50 A 0219 3.5% 19auaz1F Phosphorylase B 11111 Marker %1715 run - nold
aszuatileh 80 1088 WL $8-65 TR FIUAITATAWHENUDITIFUNHILMTAAATI ZEZ981 60,
90 vay 120 11 9219 7.0%9a wazly Prestained SDS-PAGE standards Broad Range i Marker
W10 neldnszua i 100 Taad win 40-56 17 Batiuwineai Iundeuddas
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gaui 4 MsanEINaETANIIAL (Chemical properties)

1. mswnhwinluegavedlds@ueie SDS-PAGE

v
= 1 o/

WerimsusnesdliznouvesTUsAudisuidiunsanameldanzguugi

4

Aot uaszeznar lums anudoudaiunuvinanievimin Tuana A0 SDS-PAGE a1

MU0 Sigma Naaulad91n1191n Weber and Osborn (1969) 118 Davies and Stark (1970)
1 Ed ]

w1 TsAudssuiataninde lnudu linaauauveniminTuagaidanu ualidnyaiy

ende Auaealugli 22 uaz 23

]
w

v o ]
9l 22 waesdnazuauvenivmin TwagalusAuassuniumsaiangungil

3

1
S s

121°C WU 20 30 40 50 W17 wazld Phosphorylase B (114 Marker W1 TalsAugsFunmIums

Ed " r
A A o

afafszezra 20 Wi hminTuenaeglugig 339-191 kDa dauTilsaudsFuidumsanad

£l
A o ol

53021981 30 40 50 1A axiivhminTuanaeg Tuara 332-195 317-200 1Az 310-204 kDa ATNAIAY

3

389,600 Da
—— 292,200 Da
f4————— 194,800 Da

| A aaa A @ = A o A a
51l 22 SDS-PAGE vaa Tilsaudiaduin 1vnis lnudy dekmmaainaiigangil 121°C
Fu52020901 20 30 40 KA 50 U LNUAITYAAT S20m S30m S40m 1B S50m MIUAIAY,

M M11884 standard marker

1 ¥ 1 1
519 23 uaasdnuazuonveuiminTuana llsaudTsuimunsanangungl

121°C 17U 60 90 1Az 120 UH a2 Prestained SDS-PAGE standards Broad Range 15]4 Marker

9
o

wud TlsAudssundmumsasanszoznn 60 wi HilmiinTumgaogluag 132-76 kDa #iu

¥

TusAudsFunrmumsasaiiszoziaat 90 uay 120 u1i sxlrhminTuagaoglusie 118-65 kDa

HaL 113-61 kDa A& 1AL
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. 4—— 216,000 Da
s 4—— 115,281 Da

. 4— 96,190 Da
. 4—— 51,783 Da

4— 37,659 Da

3 ol ey Jﬂ. Qt o ‘i ’ a 1 o
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e

511 24 SDS-PAGE wos Talsdu Il Tusduirumsdesdaoasuaziirllaza

lumsazmenfenay Jag M Mug9a standard marker

2. msnlasumlasvosnalsimdiTusdudmeulsindazvilaluszuumatueimns
deiminaasamsdoonaTsau W TusdudioTisfiea (Proteases) laun lidu
(Pepsin) N5UFU (Trypsin) tazuoavh-lalumdUdu  (O-crymotrypsin) iNoARAIUHAYDINS
alavumlasnielussumaduemssiass Iaoldew e ddudmiumsdiaesaniizlu

1

A 1 A A o N -
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<]

anneludlddnfifmanuiuwadntos Sueulahi 3 silaianudumzdedumisn
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Umemsvenda (C-terminal) taziinnuimzdosyyansaeziilu 11l Phenylalanine Tyrosine
8  Tryptophan daou i Funazowlssiiearh-1n Tim3Fuazihuewlaiidhdn
Wizl Ing Taoshned i aoezily - (N-terminal)  p@vziianudumizaoniaozil luamam
TaonsUFuazfinnusumizae Lysine iaz Arginine dauueavi-laluniduszlinnuiimizde
n3a02 11 Tyrosine Phenylalanine 1A% Tryptophan (1514, 2543) dwiumsazargvedn Tilshu
I TusBudtrums desdanen laiTalsa To ladnsia 3 aiia Aamunisialalas ladaveslisiu
Tov1d TNBS uay L-Leucine 1 uaisazatonasgiu uaz"i’ﬂﬁwms@@ﬂﬁuumﬁmmm'sﬂﬁu 420

) o {
nm. TAHaUTAIRIN13 199 11
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51 24 sDS-PAGE veaTulsau IWTusdufirhumadesdasaunzi ilazare

Tuensazanandendy  1ag M ¥Wu1894 standard marker

4 = d = =y
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demmanaassmstoonalalsaull Tussudao T1ls@ea (Proteases) loun 1liFu
a |1a =ofa 2 A a
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Ad 1 g.'a ra 4 a a
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L] a 1a a 1A I~ 2 [
wae  Tryptophan  aavoulasinsUFuuazou lsiiearh-TaTuniFueztluenlainidda
wusenlilIndlasdmeguaaiwoziiy  (N-terminal)  #evzinnus unizaoninosd Tuaeny
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] ¥
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aa1aft 11 USnenth) inandeninnsdessa 138w W lnsdudoou s gy § pi 2.0 Hunat 2 97
2 o PRI & 1 @ =Y - =
(o lunszzemnn wazow leinSuFusaziewlaineavh-Tn Tunidsy A pH 80 dhua 6

@ T s 5 o
f11ua (Fraesantiz i 1didn)

USraushlng (mm)

Winwekg): anwsRuanaaiulugad waasian s nuuanatua s dymeanh iszduni

Halalsau1W L9 + Control 0.1%Pepsin
Halalg@n I Tusdu + 0.1%Pepsin
Tl s 1 Tusdu + Control 1.0%Pepsin
palalsau W iusey + 1.0%Pepsin
paTals@u I 1591 + Control 2.0%Pepsin

palusu 1 Tusdu + 2.0%Pepsin

0.943 + 0.0401"
0.948 + 0.0244 "
11.972 +0.4392°
11.999 + 0.2007"
21.967 & 0.6640"

21.967 4 1.10597

s 11)5a1 v lusduiunseesdae Trypsin

wﬂﬂs?u”&ﬂim%u + Control 0.1%Trypsin
Wt sAn I Tusdu + 0.1%Trypsin
Ha 1 5au 1 Tu58u + Control 1.0%Trypsin
walasfu v Tussu + 1.0%Trypsin
pa 1151 I Tusou + Control 2.0%Trypsin

ualusiu T Tusdy + 2.0%Teypsin

0.228 £ 0.0376"
0.645 + 0.0255"
1.758 £0.1077"
2,731 +0.0000”
3.726 +0.0347"

5.088 4 0.0694”

na115au W Tusoudyn13 8@ 98 O-Chymotrypsin

al3@ 19 Tus8u + Control 0.1%Q1 ~Chymotrypsin
piaasau 1 Tus e + 0. 1% 0-Chymotrypsin
raT)s@n 1 Tusdu + Control 1.0%Q-Chymotrypsin
ma Tl 5@ I T 584 + 1.0%0-Chymotrypsin
HaT1)3R1 19 TY58U + Control 2.0%U-Chymotrypsin

nalusRu i lusdu + 2.0%U-Chymotrypsin

0.996 +0.1757"
2,063 +0.1454"
6.344 £ 0.5096"
17.909 + 1.1106"

19.021 +0.5858"

55.496 + 1.5912"

F01T1 95% (p < 0.05) TeTr a0 1UsunT UG SAS
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& i [ e o _ i = =) 3 e 1 o =5 q YR e '
Aveaat ainsUFunazveavh o lunsdau seldiTuamhl nanusnaradulumsadded

=W s oaw

iy TaodSuan] ndnse

[

) o '
UATILVUVOUDY 1IN 0,1% UANAI9IIN 1.0% 1Az 2.0%
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mand 13 USinunsa luiudaszfediuninmaton Dressing Moshufunzwiuaniviuuznandioeu lad

Tanler 6 pH 8.0 Fua71 6 43 Tu

YAV Dressing A9814 1 Acid Value (mg KOIV/g sample)
A0 IUA1 1.0846 + 0.0123"
Dressing + 1.0% W4 W Tusau 1.0761 +0.0139°

¥
Dressing iiunzwd - \
Dressing + 2.5% s 1yl Tys59u 10557 + 0.0410

Dressing + 5.0% #a v T1s8u 1.054] = 0.0503°

f108190 30N 12135 £0.0162"
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Dressing UIUHLENDN . .
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Fuosans afa UGS Fun BN 121

E1)

C 1387 20 30 40 530 66 90 Uax 120 NTVI

I T 5 A \ R
‘ | S | wivunnauay Wt UNHadel
! i HIHUD | :’ @ | g} ar [ ! I
| o e | Rep. ERLANE y i HIMUARIIBUYS P
| dmdn | Avodunds | , uwniindooen | s WV UR g
i o | moisture can UIH 2 {g) moisture can 3733 o Total Seolid RRTDEE] sD.
| nyana (gl | (2 i P #7982 (g)
| (2) ; HMLAAI9ENS (2)
! | s20-1 | 124788 10.0786 | 22.5574 12.6190 0.1402 21.2003 |
S20m 45721 [ 820-2 | 13.6569 10.0832 | 23.7101 13.7965 0.1396 21.1628 | 211766 | 0.0206
' s20-3 | 131646 10.0874 | 232520 13.3047 0.140" 21.1667
| 830 1 13.5692 10.0626 23.6318 13.7080 0.1388 21.4455 :
| $30m 466.42 8302 12.5525 10.0075 22.5600 12.6910 0.1385 21.5169 21.4678 | 0.0426
S30-3 | 13.2754 10.0937 233691 | 13.4146 0.1392 21.4410 |
1s40-1 | 13.1899 10.0278 232177 | 13.3287 0.1388 21.4281 :
S40m 46443 | S40-2 | 12.4908 10.0877 225785 | 12.6302 0.1394 21.3929 | 214111 | 0.0176 .
]
I's40-3 | 147536 10.0641 24.8177 14,8928 01392 | 214123 |
| \ S50- 1_L 14.5762 10.0522 24,6284 14.7156 0.1394 214329 |
l S50m 463.66 ' S50-2 | 13.3343 10.0637 23.3980 13.4737 0.1394 21.4084 | 21.4191 | 0.0125 |
| Ss0-3 | 14.0116 10.0890 24.1005 14.1514 01398 | 21.4180 |
's80-1 | 11.8716 10.0250 21.8965 12.0114 01398 | 216261 ‘
| S60m | 46524 | $60-2 | 153889 10.0862 25.4751 15.5295 0.1406 | 21 6179_‘ 21.5917 \ 0.0527
8603 | 13.7100 10.0549 | 237649 13.8496 0.1396 | 21.5310
| S50-1 | 126882 100326 | 23.7208 43,8303 0.1421 219425 | | !
S90m 46476 | S902 | 13,9899 10.0950 24.0849 14.1319 0.1420 21.7916 ‘ 21.8698 [ 0.0756
L | $90-3 | 12.0835 10.0352 221187 12,2252 0.1417 21.8752 | !
! 51201 | 12.7849 10.0441 22.8290 12.9254 0.1405 21.7136 |
S120m 46568 | S120-2 | 132409 |  10.0578 23.2987 13.3812 0.1403 . 216531 1 21.6801 | 0.0307
' $120-3 ! 13.7383 | 10.0268 23.7651 13.8783 01400 | 216736
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[ : . < o o . 7
. SEITRIEECE AT IRInd gt b
! |
. . v . . WIMUAT e | weTahminvasady | . | weniFudmsan :
PG UK (IVRGET Wiwiin RIS . o Hmindalno P ” . URBTIETIHY
| - o msenanoun | dwnindieduvdige L | L, s TUIWBING ANRAL i
! centrifuge {g) e g (g) Ly v nangu (g) o YMTEIN
AR (g) F1311 (g) lsau
S520-1 10.6079 1.0016 200117 31.6212 18.9339 8.3260 731.27
520-2 10.5179 1.00i0 20.0033 31.5222 19.3068 8.7889 778.01 757.10 23.7562
520-3 10.5849 1.0074 20,0256 316179 19.2689 8.6840 762.02
S30-1 11.6604 1.0031 20.0361 32.7026 18.2039 6.5435 55233
530-2 11.6879 1.0009 20.0569 32.7457 185123 6.8244 581.83 566.65 14.7680
S30-3 11,6714 1.0012 2010495 32.7221 18.3373 6.6659 565.79
S540-1 11.6518 1.0G10 20.0133 32.6661 17.5329 5.8811 487.52
| S40-2 11.6738 1.0012 20.0204 32.6954 17.6570 5.9832 497 60 475.01 30.8117
S40-3 11.6717 1.0019 20,0185 32.6921 17.0811 5.40094 439.91]
| 5501 11.6677 1.0018 20,0299 32.6994 14 8438 3.1761 217.04
§50-2 11.71940 1.0032 20.0139 32.7361 14,9233 3.2043 219.4] 21523 5.3209
| §50-3 11.5673 1.0023 20.0263 32.5959 14.6668 3.0995 209.24
\ S60-1 11.6256 1.0037 20.0182 32.6475 13.5986 1.9730 96.57 1
‘, S60-2 11.6141 1.0020 20.0259 32.6420 13.3072 1.6931 68.97 ; 80.90 14.1752
I $60-3 11.6654 1.0019 20,0299 32,6972 13.4404 1.7750 77.16 .
' 890-1 11.6395 1.0017 20,0142 32.6554 12,8021 11626 16.06
l S90-2 11.7142 1.0022 20.0352 32,7516 12,8916 1.1774 17.48 16.35 1.0127
. §590-3 11.7202 FOG32 200177 532.7411 12.8791 1.1589 15.52
i 5120-1 F1.6648 1.0045 20.0351 32,7044 12,7240 1.0592 5.45
‘ S120-2 11.7062 1.0044 2000703 32.7809 12.7528 1.0466 4.2¢ 4.73 0.6438
! 5120-3 11.66]0 1.0031 20,0209 32.6850 12.7096 1.0486 4.54
FIBROTN-] 11.6806 1.0042 20.0473 32.7321 15.0833 3.4027 238.85
FIBROIN-2 11.6723 1.0046 20.0214 32.6983 15.0133 3.3410 232.57 233.77 4.5914
| FIBROIN-3 11.7208 1.0679 20.0406 32.7693 15.0459 3.3251 229.90
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Lo Ui meisture | AMURAI0E19 | TR moisture can 390 msindedhai nefiddmeazaty o Andou
A58 . » Aunay
canig) (g} MR (g) azang iy (o) 895 WIATFIU

520-1 13,9155 10016 14.2295 0.3140 31.3498
520-2 13.0272 1.0010 133218 (.2946 29.4306 29.1444 2.3616
520-3 12.5530 1.0074 12,8215 0.2685 26.6328
530-1 13.1908 1.0031 13.5338 0.3430 34.1940
S30-2 13.9891 1.0009 14.3457 0.3566 35.6279 35,5892 1.3762
S30-3 12.6195 1.0012 i 12.9894 0.3699 36.9457
540-1 14.4860 1.0010 ! 14.8849 0.3989 39.8501
540-2 14.4933 1.0012 ' 14.9176 (.4243 42.3791 41.5862 1.5053
S40-3 13.4558 1.0019 13.8819 0.4261 42,5292
S550-1 13.6790 1.0018 14,2336 0.5546 55.3604
550-2 14.0161 1.0032 14.5866 (.5705 56.8080 56.1863 0.7641
550-3 12.3787 1.0023 12.9433 0.5646 56.3304
S60-1 i3.8711 1.0037 14.5855 0.7144 71.1766
560-2 13.7109 1.0020 14.4736 0.7627 76.1178 73.7613 2.4784
S560-3 13.3129 1.0019 14.0542 0.7413 73.9894 i
S90-1 13.7346 i 1.0017 14.5598 0.8252 82.3800
590-2 13.4205 1.0022 14.2564 0.835% 83.4065 83.4054 1.0249 :
S90-3 13.6279 1.0032 14.4749 0.8470 £§4.42908 i
5120-1 12.8292 1.0045 137118 0.8826 87.8646 !
S120-2 16.142]1 1.0044 17.0240 0.8819 87.8037 87.5595 0.4766 !
S120-3 13.1698 1.0021 14.0426 0.8728 87.0103 _
FIBROIN-1 12.7844 1.0042 12.8216 0.0372 3.7044 !
FIBROIN-2 12,5575 1.0046 12.5919 0.0344 3.4242 4.2680 1.2267 1
FiBROIN-3 12.4785 1.0079 12.5357 0.0572 5.6752 1
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A8619 Smninwana i UM . , . endudmsandy | ‘ Ao |
. p AIDHNABUNTAR AU AN | Aeeautnie | s ) | funde
centrifuge (¢} | #0dNg) | Wl Loy .. : thiypanaldify | WIATFIN
WU () HIIRARF LU U (g} (2} :
P S20-1 11.650G4 1.0016 90128 21.6651 16.7447 5.0943 408.46
S20-2 11.6228 1.0435 G.0347 21.7010 17.0675 5.4447 421.77 416.35 7.1041
520-3 11.7188 1.0079 9.0062 21.7329 16,9541 5.2353 41943
S30-1 11.6638 (.9883 9.1050 21.7571 16.6205 4,9367 401.54
S30-2 11.6736 0.9878 Q.0215 21.682¢ 16.7198 53.0462 410.85 403.60 6.4738
S30-3 11.6643 1.0042 9.0470 21.7155 16.6693 5.0050 39841
S40-1 11.7226 1.0465 9.0498 21.8189 16.6450 4.9224 37G.37
S40-2 11.7039 1.0424 9.0356 21,7819 16.5770 4 8731 367.49 371.28 43251
S40-3 11.6383 1.0380 9.0198% 21.7161 16.5991 49408 37599
850-1 11.7134 1.0288 0.0234 21.7656 16.5429 4,8295 369.43
550-2 11.6627 0.9915 9.0090 21.6632 162843 46216 366.12 367.01 21177
S50-3 11.6664 1.0277 90157 21.7098 16.4502 47838 365.49
S60-1 11.6724 1.0196 9.0575 21.7495 16.2689 4.5965 350.81
S60-2 11.6720 1.0021 9.6079 21.6820 16.1427 4.4707 34613 348.38 2.3456
S60-3 11.5750 1.0123 9.0253 21.6126 16.1122 4.5372 348.21
590-1 11.7216 1.0114 9.0130 21.7460 16.0713 4.3497 330.07
S90-2 11.6726 1.0045 90149 21.6920 15.9930 4.3204 330.10 320.04 0.2611 |
S590-3 11.6395 1.0049 9.0169 21.6613 15.9569 43174 329.63 i
S120-1 11.7076 1.0056 9.0280 21.7412 15.8967 4.1891 316.58
51202 11.6818 1.0047 9.0135 21.7000 15.8635 4.1817 316.21 314.79 2.7909
5120-2 11.6728 1.0180 9.06222 217130 15.8626 4,189% 311.57
FIBROIN-1 11.6681 1.0732 9.0482 21.7895 14.0917 2.4236 125.83
FIBROIN-2 11.6610 1.0447 9.0272 21.7329 14.0176 2.3566 125.58 126.69 1.7073
} FIBROIN-3 11.5675 1.0624 9.0070 21.6369 13.9967 2.4292 128.65
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A9190 19 Ans o waaves TUsAudT FufirumsadanizomaangfuRdutums ANS Annusaiu

exitation 374 om. UD¥ emission 485 ni.

Delta FI
Sample ave. std.
Rep I Rep I Rep 11
S20m | 548.938 | 576.8827 | 562910 | 562.91 13.97
S301ﬁ 520,201 j 5321424 | 526.172 52:317 EW();
S40m | 477.193 | 507.1919 | 492.192 | 492.19 15.00
S50m | 479.214 | 4933228 | 486.268 | 486.27 | 70‘3“

S60m | 460.367 | 488.2292 | 474.298 1 47430 13.93
" 856;11#4;2953 473.1999 | 463.076 | 463.08 10.12
S120m ; 379.853 | 404.7697 | 392.311 | 392.31 12.46
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[ . AATUALTIAIIETIRAN 500 17 THiiAS avwasalumnilusiasveed
FIDE : Average. Stdev.

Rep | Rep 2 Rep3 EAI I EAI 2 EAI 3
control 0.000 0.000 0.000 0.000 0.000 - 10,000 0.000 0.0000
S$20m 1414 1353 1.483 130.258 124.638 136.614 130.503 5.9916
S30m 1.273 1337 1321 117.269 123.164 121.691 120.708 3.0682
S40m 1.287 1.267 1.256 118.558 116.716 115.703 116.992 1.4478
S50m 1253 1.226 1.175 115.426 112.939 108.241 112.202 3.6489
S60m 1.076 0.980 0.964 99.121 90.278 §8.804 92.734 5.5802
$90m 0.598 0.532 0.556 55.088 49.008 51.219 51.771 3.0774
$120m 0.511 0.560 0.519 47,073 51.587 47.810 48.824 24215
Fibroin (0.000 0.060 0.000 3.000 0.000 0.000 (0000 (.0000




" 3 '
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MANWYUARDING1IAAY 500 W1 TutuAg

anuase unsdusiiag vess

CPRIN Average. Stdev.
Rep 1 Rep 2 Rep3 EAT ] EALZ2 EAI3

control (.000 0.000 0.600 0.000 0.000, 0.000 0.000 0.0000
S20m 0.572 0.593 0.458 52.693 54.627 42.191 49.837 6.6919
S30m 0.361 0.373 0.455 33.255 34.361 41.915 36.510 47128
S40m 0.456 0.469 0.470 42.007 43.204 43.296 42.836 0.7195
S50m (1.494 0.521 0.514 45.507 47.995 47.350 46.950 1.2908
S60m 0.475 (.463 0.467 43.757 42.652 43.020 43.143 0.5629
S90m 0.466 0.493 0.507 42928 45.415 46.705 45.016 1.9198
5120m 0.440 0.396 0.522 40.533 36.480 48.087 41.700 5.8909
Fibroin 0.000 0.600 0.000 0.000 0.000 0.000 0.000 0.0000
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1131971 W12 % Whippability ¥91 TsAugiFuirimmsadanielfanudunazanufougeiszezinm 20 i

{ Rep 1 Rep 2 RepI 3
1280 ANLGS AU ‘ R ‘ AU ANUFY | ATIUGY _ AINFY | AN § Faes .
(%) | avsazate | a9y Il Y%whip | #wazais | adivdu | waeivy Y%whip | &saraty | zasinu o Y%whip
i\ i
(ml) {ml) {mi {mh (ml) (mi) (mbh
0 86.00 158.00 72.00 0.72 86.00 153.00 &67.00 0.67 834.00 156.00 72.00 0.72
1 88.00 158.00 70.00 0.70 88.00 153.0C 65.00 0.85 87.00 156.00 69.00 068
2 85.00 158.00C 69.00 0.69 89.00 153.00 64.G0 0.64 88.00 156.00 68.00 0.68
3 90.00 158.00 68.00 0.68 89.50 153.00 63.50 064 88.00 156.00 68.00 0.68
4 80.00 158.00 68.00 0.68 90.00 153.00 62.00 0.63 88.50 156.00 67.50 0.68
5 90.50 158.00 67.50 0.68 90.00 153.00 63.00 0.63 89.00 156.00 67.00 0.67
10 91.00 134.00 43.00 0.43 $1.00 134.00 43.00 0.43 90.00 134.00 44.00 0.44
15 91.50 132.00 4050 0.41 91.00 128,00 37.00 0.37 80.00 126.00 36 00 0.36
20 92.00 130.00 38.00 0.38 91.00 128.00 35.00 0.35 90.00 126.00 36.00 0.36
25 82.00 128.00 36.00 0.36 92.00 122.00 30.00 0.30 90.06 122.00 32.00 0.32
30 | 8200 126.00 34.00 0.34 92.00 | 122.00 30.00 0.30 9G.00 120.00 ’ 30.00 0.30
i Rep 4 | Rep 5
: ! #
nan AN AUFY AMNFS AT 4 y
(W) | ssazany | 2asidu ﬂ‘*‘%;:m %whip | #sasann | uasTuy ﬂ‘%&ms Ywhip Araad ) ety
(ml) (ml) u (m) (mi) 1 UIRTIU ;
0 82.00 154.00 72.00 072 83.25 154 .00 70.75 0.71 .71 0.03
1 84.00 154.00 70.00 0.70 85.50 154.00 68.50 0.69 0.69 0.02
p 85.50 154 .00 6850 0.69 86.63 154.00 67.38 0.67 0.67 .02
3 86.00 154 .00 68.00 (.68 87.13 154 00 66.88 0.67 0.67 G.02
4 86.50 154.00 67.50 0.68 87.50 | 154.00 66.50 0.67 0.67 0.02
5 86.5C 154.00 67.50 0.68 87.75 154 00 66.25 0.68 0.88 0.02
10 87.00 132.00 4500 0.45 88.25 132.00 43.75 0.44 0.44 0.01
15 88.00 132.00 44.00 0.44 91.63 131.00 39.38 0.39 (.39 0.04
20 88.00 126.00 38.00 0.38 91.25 128.00 36.75 0.37 0.37 0.02
25 8200 |, 122.00 33.00 0.33 91.25 124.00 32.75 0.33 0.33 0.02 :
30 85.00 | 117.00 | 28.00 (.28 89.50 120.00 30.50 0.31 0.31 0.03 |

g6



3197 113 % Whippability v84 TsRudsduisdumsanameldnnuausazanuiougafiszezing 30 114

Rep 1 Rep 2 Rep 3
LA AU AR AL AU AU
{u#) Msazaid | nadivy U5nas %whip Msavany | wasiny Wnas Swhip arsagann | OO HE hnns Sowhip
THu Trlu , 2189 THY THu
(mi) (mi) ~(mi}) (mi) {m3)
0 85.00 154.00 £9.00 0.69 284,00 152.00 68.00 . 0.68 86.00 154 00 68.00 068 |
1 87.00 154.00 67.00 0.67 87.00 152 .00 65.00 0.65 88.00 154.00 66.00 0.66
2 285.00 154.00 65.00 0.85 88.0C 152 .G0 64.00 0.64 89.00 154.00 65 .00 0.65
3 90.00 154.00 64.00 0.64 88.50 162.00 63.50 064 89.0C 154 00 65.00 0.65
4 380.00 154 .00 64.00 0.64 89.00 1562.00 63.00 063 90.00 154 00 64.00 0.64
5 20.00 154 .00 64.00 0.64 90.00 152.00 62.00 0.62 90.00 154 .00 64.00 0.64
10 90.00 138.00 48.00 0.48 90.00 137.00 47 00 0.47 90.00 134.00 44.00 (.44
15 90.G0 134.00 44 00 0.44 90.00 130.00 4000 0.40 90.00 124.00 34.00 (.34
20 90.00 130.00 40.00 .40 90.00 126.00 36.00 0.36 90.00 120.00 30.00 0.30
25 91.00 126.00 35.00 0.35 90.00 122.00 32.0G 0.32 90.00 118.00 28.00 0.28
30 91.00 122.00 31.00 0.31 &0.00 120.6C 30.00 0.30 90.00 118.00  28.00 0.28
Rep 4 | Rep 5
DA AVRS | oouge | thunms i . R1NUEe | UTuims ALaas Li’ju‘;;:,uu
(w#t) | #rsazary maa‘lvim Tylas %whip | &15azany -’uaa'iv]u Tolas Y%whip TR
{mi) (ml) i

0 86.00 142.00 56.00 0.56 84.00 150.00 66.00 0.66 0.85 0.05 ﬁ|
1 88.00 142 00 54 00 0.54 85.00 150.00 65.00 0.65 0.83 0.05
2 88.00 142 00 54.00 0.54 86.00 150.00 64.00 0.64 062 0.05
3 89.00 142 .00 53.00 0.53 88.00 150.00 62.00 0.62 0.62 0.05
4 89.00 14200 53.00 0.53 89.50 150.00 60.50 0.61 0.61 0.05
5 89.00 142.00 53.00 0.53 580.00 150.G0 60.00 0.60 .61 0.05
10 89.00 136.00 47 .00 0.47 90.00 140.00 50.00 0.50 0.47 .02
15 90.00 126.00 36.00 0.36 90.00 130.00 40.00 0.40 0.39 .04
20 90.0¢ 118.00 28.00 0.28 20.00 128.00 38.00 (.38 .34 .05
25 91.00 116.00 25.0G 0.25 20.00 122.00 © 32¢0 0132 a0 C.C
30 91.00 114.00 23.00 0.23 S50.00 t 120.00 i 30.00 0.30 28 .03
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f Rep 1 Rep 2 Rep 3
LA &
{uv) a:]:;?:jssm QS?{S; Wsunas Yowhin ﬂ:];;?gjﬂ mﬂ;?{ﬁi Wnas Yewhip a:]:;;lg:u Mg | Bnes S%whip
() (m) ru (mi) (mD Trln (m) 2aa vy Trln
0 \ 86.00 148.00 683.00 0.60 86.00 146.00 60.00 .60 86.00 154 .00 68.00 068
1 ! 88.00 146.00 58.00 0.58 88.00 148 .00 58.00  0.58 88.00 154 00 66.00 0.66
2 89.0C 146.00 57.00 0.57 60.00 146.00 56.00 (.56 89.00 154.00 65.00 0.65
3 89.50 146 00 56.50 0.57 90.00 146.00 56.00 0.56 89.00 154.00 65.00 0.65
4 89.50 1485.00 56.50 0.57 90.00 146.00 56.00 0.56 90.00 154 00 64.00 0.64
5 89.50 146.00 56.50 0.57 90.00 1456.00 56.00 0.56 90.00 154 00 64.00 0.64
10 89.50 146.00 56.50 0.57 90.00 146.00 56.00 0.56 90.00 134.00 44 00 0.44
15 90.00 146 00 56.00 0.56 91.00 146.00 5500 0.55 80.00 124 .00 34.00 0.34
20 I 9000 145.00 55.00 0.55 91.00 145 00 5400 0.54 g90.00 120.00 30.00 0.30
25 90.00 145 00 55.00 055 91.00 14500 54.00 0.54 90¢.00 118.00 28.00 0.28
30 §0.00 145 00 55,00 0.55 91.00 14500 54.00 0.54 90.00 118.00 28.00 0.28
Rep 4 1‘ Rep 5
AT ATUES I ATIUFY | A o o
() | #rTaats :;Eﬁi ﬂ?i?:ﬁ Y%whip | @sazan 23323; ﬁiﬁ?i Yawhip Arlaas ;ﬂ;‘;;i
(mb) (mi) | |

0 86.00 142.00 56.00 0.56 84.00 150.00 66.00 0.66 0.62 : .05
1 88.00 142 00 54,00 0.54 85.00 150.00 65.00 0.65 0.60 0.05
2 88.00 142 00 54.00 0.54 86.00 150.00 64.00 0.64 0.59 0.05
3 89.00 142.00 53.00 053 88.00 150.00 62.00 0.62 0.59 0.05
4 86.00 142 00 53.00 0.53 89.50 150.00 60.50 0.61 0.58 0.04
5 89.00 142.00 53.00 0.53 90.00 150.00 60.00 0.60 0.58 0.04
10 89.00 136.00 47 .00 Q47 380.00 140.060 50.00 0.50 0.51 D05
15 90.00 126.00 36.00 0.36 90.00 130.00 40.00 0.40 0.44 0.11 |
20 90.00 118.00 28.00 0.28 90.00 128.00 38.00 0.38 0.41 0.13
25 91.00 116.00 25.00 0.25 90.00 122 Q0 32.00 0.32 0.39 015
30 21.00 114.00 23.00 023 1 80.00 120.00 30.00 0.30 0.38 | 0.15
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T

Rep 1 Rep 2 Rep 3
Lan AU AN AMNFY AN | } APNUFS | AU ]| 13ues
{unid) [ fFrgazany | aaivy | Wanes %whip | &5azeiy | 229wy el Yowhip | &rsavane | waalvy T Sewhip
(mi) | (m | R mh |y | D mh | (my | mb
0 84.00 164.00 80.00 0.80 84.00 154 00 70.00 0.70 86.00 156.00 70.00 0.70
1 88.00 164.00 76.00 0.76 87.00 154 .00 67.00 0.67 88.00 156.00 68.00 0.68
2 88.00 164.00 76.00 G786 88.00 154.00 56.00 0.66 89.00 156.00 67.00 0.67
3 82.00 164.00 75.00 0.75 88.00 154 .00 65.00 0.65 $0.00 1566.00 66.00 .66
4 090.00 164.00 74.00 0.74 89.00 154.00 65.00 0.65 9C.00 156.00 56.00 0.66
5 20.00 164.00 74.00 0.74 89.50 154.00 64.50 0.65 90.00 156.00 66.0C 0.66
10 80.C00 154.00 64.00 0.64 89.50 150.00 60.50 0.61 9C.00 153.00 63.00 0.63
15 80.00 152.00 62.00 .62 90.0G 142 .00 52.00 0.52 90.00 140,00 50.00 0.50
20 9G.00 150.00 60.00 0.60C 90.00 140.00 50.00 0.50 91.00 138.00 47.00 0.47
25 91.0¢ 150.00 59 00 0.59 90.00 135.00 45 00 0.45 91.00 132.00 41.00 0.41
30 | 91.50 |  148.00 56.50 0.57 90.00 | 135.00 45.00 0.45 91.00 | 132.00{ 41.00 0.41
Rep 4 Rep 5
Mmoo
L2an P RIEN AU ANUFI AU o do
{(ufi) Arsava w29 Ty : if:??;?) %whip fsarany | a9l Tﬁ}?'{!m\ %whip Faa ;ﬁ;‘;;g
(mi) (m) L (mi) (mb) "

0 86.00 154.00 £8.00 0.68 86.00 152.00 66.00 066 G.71 0.05

1 88.00 154.00 66.00 (.66 89.00 152.00 63.00 063 0.68 0.05

2 80.00 154.00 64.00 0.64 90.60 152.00 62.00 0.82 0.67 0.05

3 90.00 154 00 64.00 0.64 90.00 152.00 62.00 0.62 (.66 0.05

4 91.00 154.00 63.00 0.83 90.50 152.00 61.50 0.62 0.66 .05

5 91.00 154.00 63.00 0.63 90.50 152.00 61.50 0.62 066 0.05

10 91.00 150.00 59.00 0.59 81.00 150.00 556.00 0.59 0.61 0.02

15 21.00 142.00 51.00 0.51 91.00 138.00 47.00 0.47 0.52 0.08

20 91.00 138.00 47 00 0.47 91.00 136.00 4500 0.45 0.50 0.66

25 91.00 134.00 43.00 0.43 91.00 134,00 43.00 0.43 0.46 0.07

30 91.00 132.00 41.00 0.41 91.00 128.00 37.0C 0.37 0.44 0.07

39



MI15199 W16 % Whippability vo lsEusiFuidumsatantelianuduuazanuieougaiiszozna 60 wii

| Relp 1 Rep 2 Reg 3
an AU ALY Farors ‘ AU AU Faes _ ANNEd | @ugs | Wuies _
(n#) | arsazein | wasiau Tulat (mi) Yowhip | a@savaty | wasivu Tl (ml) Yowhip | angasane | uaeTdy | Tvlu Yowhip
{mi) (mh {ml) (mi) {rml) {mi) {ml}
0 84.00 154 00 73.00 0.70 84.00 156.00 72.00 0.72 86.00 156.00 70.00 0.70
1 86.00 154 .00 68.00 (.68 88.00 166.00 68.00 | 0.68 88.00 156.00 68.00 0.68
2 87.50 154.00 656.50 0.67 85.00 156.00 67.00 0.67 89.00 156.00 67.00 0.67
3 88.00 154.00 66.00 0.66 89 50 156.00 66.50 0.67 89.50 156.00 66.50 0.67
4 88.50 154 00 65.50 0.66 90.00 156.00 66.00 0.66 90.00 156.00 66.00 0.66
5 89.00 154.00 65.00 0.65 90.00 156.00 66.00 0.66 90.00 155.00 65.00 0.65
10 90.00 154.00 64 .00 0.64 91.00 155.00 64.00 0.64 90.5C 155.00 64.50 0.65
15 90.00 139.00 45.00 0.4¢ 91.00 138.C0 47.00 0.47 91.00 140.00 49.00 0.49
20 90.00 138.00 48.00 0.48 91.0C 134.00 43.00 0.43 91 00 135.00 44 .00 (.44
25 81.00 126.00 35.00 0.35 91.00 128.00 37.00 0.37 91.00 128.00 37.00 0.37
| 30 91.00 126.00 35.00 0.35 91.00 124.00 33.00 0.33 91.00 124.00 33.00 0.33
- Rep 4 Rep 5 !
| #i1
1A AU AU AT AL o o
‘[ (W) HITREAN 29Ty Tﬁszijn Shwhip fisarane | 2aelvi ‘iﬁi?r?i“ i %whip AR :;2;‘;;_3:']3:
i (mbh (ml) ’ (mi} (mi) 4 =
0 85.00 158.00 73.00 0.73 86.00 162.00 76.00 0.76 072 0.02
1 88.00 158.00 70.00 0.70 89.00 162.00 73.00 0.73 (.68 0.02
2 89.00 158.00 658.00 0.69 91.00 162.00 71.00 0.71 0.88 0.02
3 90.00 158.00 658.00 0.68 92.00 162.00 70.00 0.70 0.67 0.02
4 90.00 158.00 68.00 0.68 92.00 162.00 70.00 0.70 0.67 0.02
5 906.00 158.00 68.00 0.68 92 50 162.00 69.50 0.70 .67 .02
10 91.00 156.00 65.00 0.65 54.00 160.00 66.00 0.66 (.65 0.01
15 21.00 138.00 4700 G.47 94.00 136.00 42.00 0.42 0.47 0.03
20 91.00 132.00 41.00 0.41 94 00 130.00 36.00 0.36 042 0.G4
25 92.00 128.00 36.00 0.36 94 00 128.00 34.00 0.34 .36 0.01
30 [ 92.00 126.00 34.00 (.34 84.00 126.00 32.00 0.32 0.33 0.01
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=

#ruansadame ldanudunazayiougafisssznat 90 Wi

Rep 1 Repz Rep 3
L8N AIUF ATIUEY ORI ATIUFY ALY gy | fues
{u7h) m-s(axlzfm wa(ai;.;lu Tﬁg?fﬂi) %whip ms(ax!‘;;m mzo'i[ﬁ)&iuu Tﬁi?:j) %whip ms(axé’m mzo‘i;)fiuf '(M:!x; Y%whip
m m m m mi) m m
0 84.00 160.00 76.00 0.76 85.00 154.00 £9.00 (.69 8400 | 156.00 72.00 Q.72
1 84.00 160.00 76.00 0.78 87.00 154 00 67.00 0.67 £87.00 156.00 £59.00 0.69
2 88.00 160.00 72.00 0.72 88.00 154.00 66.00 (.66 88.00 | 156.00 £8.00 0.68
3 89.00 160.00 71.00 0.71 89.00 154.00 65.00 0.65 89.00 | 156.00 67.00 0.67
4 90.00 160.00 70.00 0.70 89.00 154.00 65.00 0.65 90.00 | 156.00 £6.00 (.66
5 90.00 160.00 70.00 0.70 90.60 154.00 64.00 0.64 9000 | 156.00 £6.0C 0.66
10 91.00 140.00 49.00 0.49 80.00 135.00 45.00 0.45 90.00 142.00 52.00 0.52
15 92.60 138.00 46,00 0.46 81.00 135.00 44.00 0.44 90.00 136.00 46.00 0.46
20 92.00 138.00 46.00 0.46 81.00 135.00 44 .00 0.44 92.00 136.00 44.00 0.44
25 52.00 148.00 56.00 0.56 91 .00 126.00 35.00 0.35 92.00 134.00 42.00 0.42
3C 8200 132.00 40.00 0.40 91.00 130.00 39.00 0.39 9200 | 136.00 44,00 0.44
Rep 4 Rep &
#in
IR AITURY AU AILES AUFL o -
(1) 61'1'5(533:);‘11;1 ’ua(d‘[!fln _ iﬁ;ﬁg) %whip mi(azzg;m ’ﬂa(a‘h;“éu Ifﬁ?;i) %whip Amas Lli;‘;;i:i
m m m mi
0 84.00 180.00 76.00 0.76 84.00 162.00 78.00 0.78 0.74 0.04
1 86.00 16000 74.00 0.74 86.00 162.00 76.00 0.76 0.72 0.04
2 88.00 160.00 72.00 072 88.00 162.00 74.00 0.74 0.70 0.03
3 §8.00 150.00 72.00 072 88.50 162.00 73.50 0.74 0.70 0.04
4 8%.00 160.00 71.00 0.71 88.00 162.00 73.00 0.73 0.569 0.03
5 86.00 160.00 71.00 0.71 90.00 162.00 72.00 0.72 .69 0.03
10 90.00 140.00 50.00 0.5¢ 90.00 144.00 54 .00 0.54 0.50 0.03
15 90.00 136.00 46.00 0.46 91.00 140.00 4900 0.49 0.46 0.02
20 91.00 136.00 4500 0.45 92.00 138.00 46,00 0.46 0.45 0.01
25 91.00 132.00 41.00 0.41 92.00 132.00 40.00 0.40 0.43 0.08
; 30 81.00 136.00 45.00 (.45 92.00 134.00 | 42.00 242 042 €03
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A13190 W17 % Whippability Vo4 118U dufiriunsanamoldsnuduuazanufeugifszezina) 90 1

! Rep 1 - Re;‘zz Rep? 3
bRy Ay | AVINEY | e oe _ ANNES | ANHES | Porrers _ AN | Aavmgs | 1Bues -
(W) | Frsazatn | zaeiwu Tl () Y%whip | &wazany | wadlvy Tola) (ml) %owhip | ®sR¥ae | waaiviy T S%whip
| (m) (mi) (mi) (mi) | mh | (my | (b
0 84.00 160.00 76.00 076 85.00 154.00 £59.00 .69 84.00 156.00 72.00 0.72
1 84.00 160.00 76.00 0.76 87.00 164.00 67.00 0.67 87.00 156.00 £69.00 0.69
2 88.00 160,00 72.00 0.72 88.00 154.00 66.00 0.66 88.00 156.00 68.00 0.68
3 89.00 160.00 71.00 0.71 89.00 154.00 65.00 0.65 89.00 156.00 67.00 0.67
4 90.00 16C.00 70.00 0.70 89.00 154.00 65.00 065 90.00 156.00 £6.00 066
5 30.00 160.00 70.00 0.70 90.00 154.00 64.00 0.64 90.00 156.00 66.00 0.66
10 91.00 140.00 49.00 0.49 90.0G 135.00 45.00 0.45 90,00 142.00 52.00 0.52
15 92.00 138.00 46.00 0.46 91.00 135.00 44 00 0.44 9G.00 136.00 46.00 0.46
20 92.00 138.00 46.00 (.46 91.00 135.00 4400 (.44 92.00 136.00 44 00 0.44
25 92.00 148.00 56.00 0.56 91.00 128.00 35.00 0.35 92.00 134.00 42.00 0.42
30 92.00 132.00 40.00 0.40 91.00 130.00 39.00 0.39 92.00 136.00 44.00 0.44
Rep 4 ' Rep &
Fil
¥R A ! o o
{unii) aﬂggggu ﬁgogﬂq; Exj’smms | Y%whip ﬂ:]:;zlg‘\:n :;gﬁi ﬂ‘imm? Yewhip FRE ) diesun
u(mi) Tl (mi) | 1NeTE
(ml) {ml) | (ml) {m})

0 84 .00 160.00 76.00 0.76 84.00 162.00 78.00 0.78 0.74 0.04
1 86.00 160.00 74.00 0.74 86.0C 162.00 76.00 0.76 G772 0.04
2 88.00 160.00 72.00 .72 88.00 162.00 74.00 0.74 0.70 0.03
3 88.00 160.00 72.00 0,72 88.50 162.00 73.50 0.74 0.70 0.04
4 89.00 160.00 71.00 0.71 89.00 162.00 73.00 0.73 069 0.03
5 89.00 160.00 7100 0.71 90.00 162.C0 72.00 072 (.69 0.03

10 90.00 140.00 50.00 0.50 80.00 144 .00 54.00 0.54 0.50 0.03
15 90.00 135.00 46.00 0.48 91.00 140.00 49.00 0.49 0.48 0.02

20 91.00 136.00 45.00 0.45 G§2.00 138.00 46.00 0.46 0.45 0.01

25 81.00 132.00 41.00 0.41 92.00 132.00 4G6.00 0.40 0.43 0.08

30 91.00 136.00 1 4500 (.45 92.00 134 0G 42 00 0.42 0.42 $.03
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M990 W19 Usiand Tnd (v ve

588999 Pepsin 71 pH 2.0 (Mavsan1nz lunszmize1wis)

21 Tussuiinuns
. ' . N . AuntedTim | Audsauy
#1219 AMIAANAUUEA IR 420 nm. | szaundundsnd | YTuasdding V) | dFuemly nd avxssdunaudens
' Wl lnd M) | T
o 0.080 2 (469 (.938
g lv Tussu + -
0.078 2 0.453 0.906 0.943 0.0401
Control 0.1%Pepsin
(.083 2 0.493 3.986
oo 0.081 2 0,477 0.954
Ha W Tuseu + |
0.082 2 0.485 0.970 0,948 0.0244
0.1%Pepsin
0.079 2 0.461 0.922
. 3.165 10 1.147 11.467
#e W lusou +
0.175 10 1.226 12.265 11.972 0.4392
Control 1.0%Pepsin
0.174 10 1219 12.185
. . 0.172 10 1.203 12.026
rad Tuseu +
0.174 10 1.219 12.185 11.999 0.2007
1.0%Pepsin
169 10 1.179 11.786
. . 0.306 10 2,271 22.711
W Tusan +
0.294 10 2.175 21.754 21.967 0.6640
Control 2.0%Pepsin
(3.290 1o 2.144 21.435
A_ 0.285 16 2.104 21.037
walr lusdu +
0312 10 2.319 23.190 21.967 1.1059
2.0%Pepsin
(5.293 10 2.167 21.675




ma1an w20 Alimonid Ind (nv) vedld Tusduidunisdesdae Toypsin # pH 8.0 Grasseamzlud Ididn

L ! . . Pl . . . . ) - Aundolina | swllsanu
#9619 ANMITASNAUNAIN 220 nm. | szAUAMTeI | UTiaudInd M) | dFuambiing aM)xszduanmiens .
wWilng () | wessu
" e 0.045 “ ! 0231 0.231
HYUIHW LUsEY +
0.04% i (3.264 0.264 0.228 0.0376
Control 0.1%Trypsin
0.040 j 0.189 0.189
. . 0.092 z 0.623 i 0.623
Il Tuson +
0.094 1 0.640 0.640 4 0.645 0.0255
0.1%Trypsin
‘ 0.098 1 0.673 0.673
- 0.120 2 0.857 1.713
pe Il Tusdu +
0.130 2 0.940 1.880 1.758 0.1072
Control 1.0%Trypsin
0.118 2 0.840 1.680
. 0.181 2 1.365 2.731 i’
walTugsn + @
0.181 2 1.365 2731 2731 0.0000
1L.0%Trypsin
0.181 2 1.365 2.731
I 0.243 2 1.882 ; 3.765
ma T Tusu + : :
0.240 2 1o 3.715 3.726 0.0347
Control 2.0%Trypsin
0.239 2 1.849 3.698
o 0.327 2 , 2583 : 5.166
pa v Tuseu +
0.319 2 2.516 5.033 5.088 0.0694
2.0%Trypsin
0.321 2 2.533 5.066




a3an #21 ATkl Tnd (v voe T TosBuiisunisdesd o a-Chymotrypsin i pH 8.0 (S804 ud1&En)
[ T

! ‘ . . : . . - dimanl Ind - . . . AundfTina | Atz
A79814 MMIAANAUUANIN 420 nm. | FzAvAIWTDIL | Ysuanddng aMixseduanuwiens .
‘ (M) i lnd vy | ey
- A | 0.076 2 : 0.490 0.979
pe I TU 781 +Control
0.088 2 ‘ 0.590 1179 0.990 0.1757
0.1% Q-Crymotrypsin —
0.067 2 .413 0.829
a e - 0.135 2 0.982 1.963
W Tysg -
: 0.151 2 1115 2.230 2.063 (.1454
0.1% O-Crymotrypsin
0.137 2 0.998 1.997
oo - 0.056 20 0.323 6.435
Ha W Tus8u ~Control
i 0.052 20 G.289 5788 6.344 (1.5096
1.6% -Crymotrypsin
G.058 20 0.339 6.789
o - 0.129 20 0832 18.632
nalrlusau + -
0.117 20 3.832 16.631 17.509 1.1106
1.0% Q-Crymotrypsin |
0.128 20 0.923 18.465
oL ! 0.131 20 0.948 18.966
#a 19 Tus0U +Control
0.135 20 0982 19.633 19.021 .5858 ;
2.0% (-Crymotrypsin !
| 0.128 20 0.923 18.465 |
‘ . 0.356 20 2.825 56.497 |
wa I Tusou + | f
| 0.355 20 2.817 56.330 55.496 15912
2.0% O-Crymotrypsin ‘
: 0.33¢ 20 2.683 53.661 ‘




96

: ! QoS = { 1 ¥ . d’.
A19199 822 M Acid Value tag % nialuTudose veand I Tustuirunisdesdaw lipase 1 pit

8.0 1 6 97 Tug

o Umin UTHIRT 0.1193N KOH % Free fatty
AT . %Acid Value
ML (m}) acid
Blank-1 9,5021 0.05 0.00 0.00
Blank-2 9.5043 0.05 0.00 0.00
Blank-3 9.4912 0.05 0.00 0.00
o - .
prg Tl a5 o+ 9.6907 0.05 0.00 0.00
Control 9.5458 0.05 0.00 0.00
0.1%Lipase $.5279 0.05 0.00 0.00
. 9.5346 0.05 0.00 0.00
Wl Tusdus
96212 0.05 0.00 0.00
0.1%Lipase
9.5408 0.05 0.00 0.00
w1 11580+ 9.5049 0.03 0.00 0.00
Control 9.6311 0.05 0.00 0.00
1.0%Lipase 9,5820 0.05 0.00 0.00
R 9.6600 0.05 0.00 0.00
Wi s o0+
9.6401 0.05 0.00 0.00
1.0%Lipase
95678 0.03 0.00 0.00
s T Ty s da+ 9.4989 0.05 0.00 0.00
Control 95432 0.05 0.00 0.00
2.0%Lipase 9.6018 0.05 0.00 0.00
. 94598 0.05 0.00 0.00
HalW Tusau-
9.5749 0.05 0.00 0.00
2.0%Lipasc -
9.6500 0.05 0.00 0.00




A a Y ow e LRV ' ) . o PR o .
191990 W23 U5utmnga l’umwﬁa:mn%uﬂmmsaaa Dressing 9 HIHHUZWI T HOH lﬁlfi} lmﬂt’f M pH 8.0 Lﬂumm 6 12113

I B Y ‘ SIEFTRCE ! | i YoFree Fatty i A
WIHUN % Acid % Acid Value ‘ % Free Fatty ;
A10EN 0.1193N KOH . STEEIRIY Acid Iag | Wouvu
A96719 (g) Value Taamae : Acid . | e
{ml} | AT nay WY |
101103 17000 1.0923 | 0.5490 5
Control 10.1209 17000 10911 L 1.0846 00123 | 0.5485 05452 | 0.006205
10.0048 16500 | 10703 " 05380
100423 1.6500 1.6663 05360
| Dressing=1.0%(w) T Tusou 0015 17000 L0920 | 10761 00139 | 05489 0.5400 | 0.006974
| 100070 1.6500 1.0701 : 1 0.5379
10.0435 1.7000 1.0995 05527
Dressing=2.5%(wiv) ¥ 111583 10,1863 | 16006 1.0184 1.0557 0.0410 | 0.5119 0.5307 0.02059
10.2077 1.6500 1.0490 0.5273
10.0527 15500 | 0.9986 0.5020
Dressing+5.0%(w/v) W Ty 10.0698 1.7000 1.0966 1.0541 00503 | 05513 0.5299 | 0.025268
10.0352 1.6500 LOGT1 | 0.5364
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¢ i - PR c‘;} ' F 1) = = o =
9198 W24 USwnse lndudase BiBat e mmTHe0 Dressing Mmibfuuznendmeu lad Taa 7 pH 8.0 w6 52704

1

| e 151195 ‘ Do ! 9%Free Fatty A1
. HIVUNNIBETY % Acid | % Acid Value | U890 | % Iree Fatty '
f19814 0.1193N KOH . ; Acid Tag | dieaun
‘ (2) Value Taumas WWIgW | Acid B
(ml} 1nay YWTTIU
10.0024 1.8500 1.2044 0.6054
Control 10.0061 1.8500 1.2040 12138 0.0162 0.6052 0.6100 0.0082
10,0478 1.9000 1.2323 0.6194
| 10.009] 1.8500 | 1.2036 | 0.6050
Dressing+1.0%(w/v) 14 Tu58u 10.0192 1.8000 1.1690 1.1923 0.0202 0.5876 0.5994 0.0102
10.0023 1.8500 1.2044 0.6054
10.0045 1.8500 1.204] 0.6053
Dressing+2.5%(w/v) W 1Us9u 10.0108 1.8500 1.2034 1.1916 0.0211 | 0.6049 0.5990 0.0106
10.0345 1.8000 1.1672 0.5867
| 10.0089 1.8500 1.2036 0.6050
Dressing+5.0%(w/v) 19 T35 10.0137 1.9000 1.2365 1.2035 0.0331 0.6215 0.6050 0.0166
10.0075 1.8000 1.1703 0.5883
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] ci e - 'd év a =Y ¢ A ﬂlrl o
daui 2 SEmsinazdanamin lwanacazmsaanewlsnasddlng
msnhmiinlau@nave 314 1M1 014 Protocal 484 Sigma
1.1 MIRIBNASANE MY SDS-PAGE

1.L.1 Sample Buffer

Sadium phosphate, anhydrous, monobasic (Nall,PO,) ‘L{T‘r’iﬂ/ﬂ 0.34 N5
Sodium phosphate, anhydrous, dibasic (Na,}HPO,) ﬁVWWﬁﬂ 1.02 ATY
Sedium dodecyl sulfate (SDS; laury] sulfate) ‘Ljy"mﬁﬂ 1.00 nfu
938 (Urea) Hinain 36.00  NIY
Bromophenol blue ‘f?”lﬁﬁﬂ 0015 niu
2-Mercaptoethanol Uuas 1.00  dadaag

- ;v o ES s oam < [V w
azareesmidaau luihndudsiuas 8o Jadans laemsniuaaoanal Haminsydsuh
wyvaamisazawldiiawiify 7 (pr 7 YSudinasvesasazawlitasy 100 daddes luviadsy

= o % 1 { = o EY Yo o a
Y5105 (Volumetric flask) hneiazaredana niunwuz il daaineazfu 3 Tuddungungi

1.1.2. Stock Bufter

b
Sodium phosphate, anhydrous, monobasic (Nall,PO,) WINHN 6.80  NIY
ko
Sodium phosphate, anhydrous, dibasic (Na,HPO,} Wiiin 2045 n3u
o
Sodium dodecy! sulfate (SDS; laury] sulfate) WML 2.00 N3l

azatsluiindulTuag 900 ladaas taiiasliuresyserazawlvia iy 7

., x:j o s o = = oan a = =]
(pil 7y mnadiinirlsudsuaslvnsy 1000 dadanrs luwalsulsumwms umsazanelu

e = =] @ ch =
nuzilaatinuazny P ludiungunnii 28 °C

q EH

1.1.3. Acrylamide Gel

Acrylamide: 15.0% acrylamide (w/v), 0.4% bis-acryiamide (w/v)
Acrylamide 1{1‘}1 A 15.0 N3
N,N’-Methylene-bis-acrylamide ‘liwﬁﬂ 0.4 N34
axmoluihadinSims 100 §addas simiuiimsiiad i linsadiomsnses i

5 = = o 3 vyad A =)
Msazaridiumsasawd s lumsuzinastiadhain uduau 3 ludiiuigungi 2-8 °¢

u v o
Wiemg: wwgasionand wonadeufaafeaiuaisdail tinewin acrylamide iU neurotoxin
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1.1.4. TEMED

, . =1 { g
N.N,N*N’-Tetramethylethylencdiamine mu‘l%ﬁ@ﬂmquwm
1.1.5. Ammonium Persulfate Solution
3 W 1
2 . R a LY = o W o ar o e =4
$IN1902818 Ammonium Persulfate Solution 111iA 100 Jaansy luindy 15 dadaninu

E = i ; o o
Tuditu 2-8 °C uazifin arsmTonlninadiand

1.1.6. Brilliant Blue R Staining Solution:

Coomassie blue 5 A5
Ethanol 450 Haaans
Acetic acid 100 Uaaang
Lﬁwﬁymé’ﬂﬁmu 1000 Haaans
1.1.7. Destaining Reagent:
Methanol 400 Hanaay
Gilacial acetic acid 70 yanans
Findg 530 Haanng
I.1.8. Tank Buffer
Stock Buffer 500 nanag
dndy 1000 Hanang
1.9 Marlker
1.1.9.1 Phosphorylase B Cross-link (Sigmaaldrich)
1.1.9.2 Prestained SDS-PAGE standards Broad Range (Bio-Rad)
1.2 38m5Manss
L2 DT TN AT HANY DY Gel
MItRT o gel AAIAT 3.5%
Stock buffer 5.625 Nanang
Acrylamide Gel 2.625 Haaans

¥
Q s

[ERRREARY 2.425

p
)
)
P
=3
adt



Ammonium Persulfatc

TEMED

e gel Ailarudud 7.0%
Stock buffer
Acrylamide Gel
Ammonium Persulfate
TEMED

at 3
awmnvulumsaauasmaiil ae

@ '
as Isy o a o N 9
L. WeW Stock buffer uay Acrylamide Gel (11A2eA 1 antinau 111y Sonicate 1014

562.5

18.75

5.000
4.670
500.0

16.67

TuTnsaas

Tulasdag

Hanans
ilaaans
Tulasdag

Tinsdas

101

quenm e lavleseaneeanliuinigailoanin 0, iinadaug polymerization 484

acrylamide
k1

= a by = A 9 -t
2. 1Y Ammonium persulfate 1tay TEMED Lﬂumqﬂmﬂ Tat TEMED A5tiuiiions oui

4 o . =
9% pour gel INT 124013 TEMED 1147 0892 polymerize 106157

1.2.2 Tuaoulunis pour pel

o 1 . 1 EL| FolhporA 1
L ¥hanwasoiawiunszan i azeinlasldoniuea (Ethanol) dnaglviunlvir luihmng Ay

AroRI IMyaginszan

2. lszneuniven Aseanslugy w

2. Place g Short Piate on tap of the
Spacer Plate.

b. Slige the two plates inta the Casting

U #1

<. Lock the presstire cams to secure
the giass plates.

Frame keeping the Short Plate facing front.

d. Securs the Casting Frame i the Casting
Stand by engaging the spring loaded lever,

Assembling the Mini-PROTEAN 3 casting stand and frame.



Aauaraalugl

E
1.2.3 AUn0Un3 load §99679

[ a T Y &
3. menswarudwmiuwaldiduveunszon uazld come Tagweenliinade wimmisoiina

unpoiymerized
gel

Mini-PROTEAN 3 assembly fauanalugil w2

w o | ! [} | Y ow
1. D89 comb BONAIIANNTLITATE TS uaztlszaeuusunsziniludusacdaiinaadimig

102
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a. Remove the Gel Cassette Sandwich
trom the Casting Frame.

N

¢. Stide Gel Cassette Sandwiches and
Electrade Assembly into the clamping
frame,

. Pross down jcm.':hé'Eiéétrode-Assemb!y

while closing the twao carm:levers of the
Clamping Frame.

e. Lower the inner Chamber into the Mini Tank.

A

Rinse Using well ﬁ’JU tank buffer

o or 1 =1 [ c; ar 1 9 o 1 3
N9 toad AR08 15az a0 11sAY ﬂﬂilﬁﬂ\ﬂu‘;ﬂjﬂ W3 ‘53’3»’]’68111’%&1’J’t‘]EJ'lx‘Jﬂl!’t]’t‘)ﬂ‘uE]ﬂ

51N H2 Mini-PROTEAN 3 assembly

nor at L = o 3 k3
well 1Ax 125 load A208199 well Fugana 2 A1u

OSSR <111 T3 { 1))

- Sample
Loading
Guide

gﬂﬁ #3 The sample loading

b. Place Gel Cassette Sandwich into the Elecirode
Assembly with the Short Plate tacing inward.

103
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4. IFUE15a2078 tank bufter 8911 chamber UAzABIIALIAT04 power supply Tae run 7 voltage

Aryauf UL TLUD s

o . A o i Ty o g v A =
5. run TUATEA front dye InAnuAIfaudaudRa uadn 13 11 1Y font dye nfiouTioan
¥
) = o o . oy ¥

LONUHHIE TRy UIEA N9 molecular weight 14119

6. ila power supply 1118396199003717 tank buffer (azmaanUEUNTZon 16 11U saining
W
solution #B9¥AIBANNIEIATE e Gnxinnantedna
v

7. Stamn Lﬁ)ﬁL‘ﬂiéL’Jm 30 -120 UM 9 staining solution Y4 LDIAU destaining reagent

. 1 =] . @
8. Desialning 34 dye gﬂé’ﬁ@@ﬂmﬂuwuma LOEIW U protein band BALUU

maamswnlSna/Indd e TNBs
&y =
1. MR IR
1.1 0.2125 M Phosphate (pH 8.2)
) . - ar Sy 9/ k3
0¥019 30.1665 g Na,HPO, }1l deionized water 960 ml 1151 pt1 141 14 8.2 90 1.0 N 11C
UsufFuasasy 1,000 ml iAo tugidu
1.2 1.0% Sodiwm dodecyl sulfate, SDS
a2 10 g SDS 11 deionized water Y5U13u103A30 1,000 ml
1.3 10 mM L-Luecine
QYm0 131.18 mg L-Luccine (C6HI3NO2) Tu 1.0% SDS 1/511)531105251 100 ml
1.4 0.05% TNBS
A ~ = T 4 g Yo g
19919 1.0 ml 5% TNBS 1 deionized water 11501)51105051 100 mi iy 13 udigy Tu
viady miguaouldiniu mae TNBS danuhdouaaunn
1.5 0.1 NHCI
@17aT018 cone. HC1 37% 151105 8.3 ml 11y deionized water 900 ml U51lS11asnsu
1,060 mi

ﬂ"lﬁl.ﬂgﬂil Standard L-ELuecine

¥y o
ALY LU 0
1 2 4 6 8 10
(mM L-Luecine) {blank)
L-Luecine (pl) 0 10 20 40 60 80 100
1.0% SDS (ul) 100 G0 0 60 40 20 0 0




oo By d
2. AEMINATIZY
* Gudaiedinliines 100 ul astuvneanaasy
(1399138798 1.0% SDS Tunsdiniianududnniy 10 mM I -Luecine)
® 171 0.2125 M Phosphate pI1 8.2 151185 1 m! a3luvananaaas waslhidis
® H3 0.05% TNBS Y5193 1 ml weryliannu
e i lhiufigawgi 50 °clunar 1 4270 (dark)
= = . . =) @A ] ¥ Y e
® 596y 0.1N HCL 51185 2 ml Huf way1ddndu

2/ a
YRS = = Y =4
o ganelingaungiifes 30 ud

3

¢ hlidaninsgandiuus (UV-Visible spectrophotometer) RAIIHEVIAT 420 nm
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Analysis of Variance Procedure
Class Level Information
Class  Levels Values
SILK 7 812 820 S30 S40 S50 S60 590
Number of cbservations in data set == 21
Analysis of Variance Procedure

Dependent Variable: SOLID

Source DF Sum of Squares Mean Square I Value Pr>F
Model 6 0.88713831 0.14785638 85.18 0.0001
Error 14 0.02430197 0.00173586
Corrected Total | 20 0.91144028

R-Square C.V. Root MSE SOLID Mean

0.973337 0.193635 0.04166360 21.51660000
Source DF Anova 85 Mean Square F Value Pr>F
SILK 6 0.88713831 0147856038 85.18 0.0001

Analysis of Variance Procedure
Duncan’s Multiple Range Test for variable: SQLID
NOTE: This test controls the type I comparisonwise error rate, not the experimentwise crror rate
Alpha=0.05 df= 14 MSE= 0.001736
Number of Means 2 3 4 5 3] 7
Critical Range 07296 07645 07861 08006 .08110 .08186

Means with the same letter are not significantly different.

Duncan Grouping Mean N SILK
A 21.86980 3 590
B 21.68010 3 S12
C 2159167 3 S60
D 21.46780 3 S30
[8] 21.41910 3 S50
D 21.41110 3 5S40

E 21.17663 3 520
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Analysis of Variance Procedure

Class Level Information

Class  Levels

SILK 3

Number of obsgrvations in data set = 24

Values

FIB S12 520 530 840 850 560 599

Analysis of Variance Procedure

Dependent Variable: PERCENT

Source DF
Mode} 7
Error 16

Corrected Total 23

R-Square

4.597546
Source DF
SILK 7

Sum of Squares
1612713.98980000

3967.27453333

1616683.26433333

CV,
5361114

Anova 58

1612715.98980000

Mean Squarc F Value
230387.99854286  929.15
247.95465833
Raot MSE PERCENT Mean
13.7465760% 29371833333
Mean Square F Value
230387.99854230 929.15

Analysis of Variance Procedure

Duncan's Multiple Range Test for variable: PERCENT

107

Pe>V

0.0001

Pr>F
0.0001

NOTE: This test controls the type I comparisonwise crror rate, not the experimentwise crror rate

Alpha=0.03 df= 16 MSE= 24793547

Number of Means

Critical Range

2 3 4

27.26 28358 2941

5

6 7

8

29.98 3039 30.69 30.93

Means with the same letter are not significantly differcnd.

Puncan Grouping

A

mg o 0 0w

Mean
757.10
566.65
475.01
233.77
215.23
80.90
£6.35

4.73

N

3

o

SILK
520
530
540
¥iB
S50
560
S90
S12
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Analysis of Variance Procedure
Class Level Information
Class Levels Values
SILK 8 FIB §12 820 S30 S40 S50 S60 S90
Number of observations in data set = 24
Analysis of Variance Procedure

Dependent Variable: PERCENT

Source DF Sum of Squares Mean Square I Value Pr> T
Model 7 17753.45928600 2536.20846943 1054.22 0.0001
Error 16 38.49234944 2.40577184
Corrected Total 23 17791.95163544

R-Square CV. Root MSE PERCENT Mean

0.997837 3.015416 1.55105507 51.43752083
Source DF Anova §§ Mean Square F Value Pr>F
SILK 7 17753.45928600 2536.20846943 1054.22 (0.0001

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: PERCENT
NOTE: This test controls the type I comparisonwise error rate, not the experimentwise error rate
Alpha=0.05 df= 16 MSE=2.405772
Number of Means 2 3 4 5 6 7 8
Critical Range 2,685 2815 2.897 2.953 2.993 3.023 3.046

Means with the same lstter are not significant!y different.

Duncan Grouping Mean N SILK
A 87.560 3 S12
B 83.405 3 S90
C 73.761 3 S60
D 56.186 3 S50
E 41.586 3 540
F 35.589 3 S30
G 29.144 3 S20

1 4.268 3 FIB
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Analysis of Variance Procedure
Class L.evel Information
(lass Levels Values
STLK g FIB $12 820 S30 S40 S50 860 390
Number of observations in data set = 24
Analysis of Variance Procedure

Dependent Variable: PERCENT

Source DF Sum of Squarces Mean S quare F Value
Model : 7 173117.66010607 24731.09430087 1500.63
Error 6 263.68780729 16.48048796
Corrccted Total 23 173381.34791337
R—Squarl: CV. Root MSE PERCENT Mean
0.998479 1.212621 4.05961673 334,78037500
Source DF Anova S5 Mean Square FVvatue Pr>F
SILK 7 173117.66010607 24731.09430087 1300.63  0.0001

Analysis of Variance Procedure

Duncan's Multiple Range Test for variable: PERCENT

109

Pr>F

0.0001

NOTE: This test controls the type 1 compariscnwise error rate, not the experimentwise error rate

Alpha= 0.05 df= 16 MSE=16.48049
Number of Means 2 3 4 5 6 7 8
Critical Range  7.027 7.369 7.582 7.729 7.834 7.913 7.973

Means with the same letter arc nzot significantly different.

Duncan Grouping Mean N SILK
A 416.554 3 520
B 403.599 3 $30
C 371.283 3 S49
C 367.013 3 550
D 348.385 3 S60
L 329936 3 560
F 314.788 3 812

G 126.686 3 FIB



110

wamshanzidyivtinomudilelasvadanuInaduiavealilsdu (Surface Hydrophobiccity)

Analysis of Variance Procedure
Class Level Information
Ciass Levels Values
SILK 7 8§12 520 S30 540 S50 S60 590
Number of observations in data sct = 21
Analysis of Variance Procedure

Dependent Variable: FI

Source DF Sum of Squarcs Mean Squarc F Value Pr>T
Model 6 51012.37213287 8502.06202211 62.16 0.0001
Error 14 1914.80166600 136.77154757
Corrected Total _‘ 20 52927.17379867

R-Square C.V. Root MSE Fl Mean

(L963822 2.408746 11.69493683 48531833333
Source DI Anova SS Mean Square F Value Pr>F
SILK 5 5101237213267 8502.06202211 62.16 0.0001

Analysis of Variance Procedure

Duncan's Multiple Range Test for variable: T

NOTE: This test controls the type I comparisonwise error rate, not the experimentwise error rate

Alpha= 0,05 df= 14 MSE= 136.7715
Number of Means 2 3 4 5 6 7
Critical Range 20.48 21.46 22.06 22.47 2276 22.98

Means with the same letter are not significantly different.

Duncan Grouping Mean N
A 562.910 3
B 326.172 3
C 492,192 3
C 486.268 3
D C 474.29% 3
D 463.076 3
E 392311 3

SILK
20
830
540
5350
560
S90

S12
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Analysis of Variance Procedure
Class Level Information
Class  Levels Values
SILK 8 FIB S12 520 830 840 S50 560 590
Number of observations in data set = 24
Analysis of Variance Procedure

Dependent Variable: LAIL

Source D Sum of Squares Meun Square P Value Proet
Model 7 44405.57935729 6343.65419390 473.44 0.0001
Error 16 214.38476533 13.39904783
Corrected Total 23 44619.96412262
R-Square C.V. Root MSE EAI Mean
0.995195 4.346482 3.66047099 84.21687500
Source DF Anova S8 Mean Square FVvalue Pr>F
SILK 7 44405.57935729 6343.6541939G  473.44  (.0001

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: EAI
NOTE: This test controls the type [ comparisonwise error rate, not the experimentwise error rate
Alpha= 0.05 df= 16 MSE= 13.39903
Number of Means 2 3 4 5 6 7 3
Critical Range - 6.336 6.644 6.837 6.969 7.064 7.135 7.190

Means with the same letter are not significantly different.

Duncan Grouping Mean N SILK
A 130.503 3 S20
3 120.708 3 S30
C B 116.992 3 S40
C 112.202 3 550
D 92.734 3 560
i 51.772 3 590
E 48.823 3 S12



112

HAMTIATIZHANUAITIVe D aT Y
Analysis of Variance Procedure
Class Level Information
Class Levels Values
SIT.K 8 FIB 512 820 S30 540 S50 560 S90
Number of observations in data set = 24
Analysis of Variance Procedure

Dependent Variable: EAT

Source DY Sum of Squares Mean Square FValue V- F
Model 7 5336.10043983 76230006283 56.53 0.0001
Error 16 21576687000 13.48542937
Corrected Total 23 5551.86730983

R-Square CV, Root MSE EAI Mcan

0.961136 9.600887 3.67225127 38.24908333
Source DF Anova S5 Mean Square F Value Pr=F
SILK 7 5336.10043983 762.30006283 56.53 (0.0001

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: EAI
NOTE: This test controfs the type I comparisonwise error rate, not the cxperimentwise error rate
Alpha- 0.05 df~ 16 MSE~— 1348543
Number of Means 2 3 4 5 6 7 8
Critical Range 6356 6,665 6.85% 6.991 7087 7138 7.213

Means with the same letter arc not significantly different.

Duncan Grouping Mcan N SILK

A 49.837 3 520

B A 40,951 3 S50

B A 45.016 3 590

B A C 43.143 3 S60

B C 42.836 3 5S40

B C 41.700 3 S12

C 36.510 3 530

D (1.000 3 FiB
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HEIATIEHNTNATHY (% Whippability) 701234510 1520 25 waz 30 0 veediFuikhums
afafiszozm 20 wid
Analysis of Variance Procedurc
Class Level Information
Class  Levels Values
TIME 1t OM 1015 1M 2025 2M 30 3M 4M 5M
Number of ohservations in data sct = 535
Analysis of Variance Procedure

Dependent Variable: WHIP

Source Pr Sum of Squares Mean Square F Value Pr>T
Model 10 138521091 0.13852109 320.79 0.0001
Error 4;4 0.01900000 0.00043182
Corrected Total 54 1.40421091
R-Square C.V. Root MSE WHIP Mean
0.986469 3871636 0.02078024 0.53672727
Source DF Anova 85 Mean Squarce I Value Pr>J
TIME 190 138521091 0.13852109 320.79 .0001

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: WHIP
NOTE: This test controls the type I comparisonwise error rate, not the experimentwise error rate
Alpha= 005 df= 44 MSE= (.000432
Number of Means 2 3 4 5 6 7 8 9 10 11
Critical Range  .02649 02785 .02875 .02940 .02989 .03029 .03041 .03088 .03110 ,03129

Means with the same letter are not significantly different.

Duncan Grouping Mean N TIME
A 0.70800 5 oM
B A 0.68600 5 1M
B 0.67400 5 2M
B 0.67000 5 3M
B 0.66800 5 4M
B 0.66400 3 5M



Duncan Grouping
C

D

Mean

(0.43800
0.39400
(.36800
0.32800

0.30600

kA%

LA
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TIME
10
15

20

30
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Wi =KmMuBaTH (% Whippability) 10 123 4 5 10 15 20 25 4@z 30 119 YeaBIBuMIUMS
adaiszEzm 30 Wi
Analysis of Variange Procedure
Class Level Information
Class  Levels Values
TIME 11 OM 1015 1M 20 25 2M 30 3M 4M 5M
Nummber of observations in data set = 55
Analysis of Variance Procedure

Dependent Variable: WHIP

Source Db Suimn of Squares Mean Square I Value Pr>F
Model 10 1.08229091 0.10822909 54.54 0.000i
Error 44 0.08732000 _ 000198455
Corrected Total 5:4 1.16961091
R-Square CV. Root MSE WHIP Mean
0.923343 3851709 0.04454824 0.50327273
Source DF Anova 55 Mean Square I Value Pr>F
TIME 10 1.08229091 0.10822509 54.54 0.0001

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable; WHIP
NOTE: This test controls the type | comparisonwise error rate, not the exporimentwise error rate
Alpha=0.05 df+ 44 MSE:= 0.001985
Number of Means 2 3 4 3 6 7 8 9 10 11
Critical Range 05678 05971 .06163.06302 06408 06493 06362 .06619 06667 .06709

Means with the same letter are not significantly different.

Duncan Grouping Mecan N TIME
A 0.65400 5 OM
A $.63400 5 M
A (+.62400 5 2M
A 0.61600 5 M
A 0.61000 5 4M

A 0.60600 5 M



Duncan Grouping

B
C
D C
D E
E

Mean
0.47200
(.38800
0.34400
0.30400

0.28400

t16

TIME
10
15
20
25

30
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HadAS 1LY (% Whippability) 7012345101520 25 uae 30 A voa 3 Tulichums
afafiszewisnt 40 nft
Analysis of Variance Procedure
Class [evel Information
Class Levels Values
TIME 11 OM 10153 1M 20 25 2M 30 3M 4M 5M
Number of observations in data set = 55
Analysis of Variance Procedure

Dependent Vaciable: WHIP

Source 3}3 Sum of Squares Mean Square F Value Pr>F
Model L0 0.44489091 0.04448909 5.51 0.0001
Error 44 0.35540000 0.00807727
Corrected Total 54 0.800290691

R-Square C.Vv. Root MSE WHIP Mean

0.555911 17.37452 0.08987365 0.51727273
Source DF Anova 85 Mean Square F Value Pr>F
TIME 10 044485091 0.04448909 5.51 0.0001

Analysis of Variance Procedure
Duncan's Multipie Range Test for variable: WHIP
NOTE: Thus test controls the type | comparisonwise error rate, not the experimentwise etror rate
Alpha= 0.05 df= 44 MSE=0.008077
Number of Means 2 3 4 3 0 7 8 9 10 11
Critical Range 1146 .1205 1243 1271 .1293 1310 .1324 1335 1345 .1353

Means with the same letter are not significantly different.

Duncan Grouping Mean N TIME
A 0.62000 5 OM
A 0.60200 5 1M
A 0.59200 3 2M
A 0.58600 5 iM
A 0.58200 5 M
A 0.58000 5 5M



Duncan Grouping

B

o W wm W

A
C

o

Mean
0.50800
(1.44200
0.41000
().38800

0.38000

[

TIME

10

15

20

25

30
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Analysis of Variance Procedure

Class Level Information

Class Levels

TIME 11

Values

Number of observations in data set = 55

Analysis of Variance Procedure

Dependent Variable: WHIP

Source DF Sum of Squares
Model 10 108229091
Error 4.4 0.08732000
Corrected Total 5;1 1.16561091
R-Square C.V.
.925343 8.851709
Source DF Anova 58
TIME 10 1.08229091

NOTE: This test controls the type I comparisonwise error rate, not the experimentwise error rate

Analysis of Variance Procedure

Mean Square
0.10822909
0.00198455

Root MSE

0.04454824

Mean Square

0.10822909

OM 10 15 1M 20 25 2M 30 3M 4M 5M

F Value Pr>F

54.54 0.0001

WHIP Mean

0.50327273
F Value Pr=>F
54.54 0.0001

Duncan's Multiple Range Test for variable; WHIP

Alpha= 0.05 df= 44 MSE=0.001985

Number of Mcans 2

34 5 6

7

5§ 9 10

11

Critical Range 05678 .05971 .06163 06302 .06408 .06493 .06562 .06619 .06667 .06709

Duncan Grouping

B e

Mean
0.65400
0.63400
0.62400
0.61600
0.61000

0.60600

N

5

Means with the same letter are not significantly diffcrent.

TIME
OM
Y1
M
M
4M

SM



Duncan Grouping

B
C
13 C
D E

Mean
0.47200
0.38800
0.34400
0.30400

0.23400

TIME
10
15

20

30
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Analysis of Variance Procedure
Class Level Information
Class  Levels Values
TIME 11 OM 1015 1M 20 25 2M 30 3M 4M 5M
Number of observations in data set = 55
Analysis of Variance Procedure

Dependent Variable: WIHIP

Source DF Sum of Squares Mean Square F Value Pr>F
Mode] 10 ‘ 1.10093455 (.11009345 217.81 0.0601
Error 44 0.02224000 0.00050545
Corrected Total 54 1.12317455
R-Square CV. Root MSE WHIP Mcan
0.980199 3.897029 0.02248232 0.57690909
Source DE Anova SS Mean Square F Value Pr>1
TIME 10 110093455 0.11009345 217.81 0.0001

Analysis of Variance Procedure
Duncan's Multiple Range Test for variabie: WHIP
NOTE: This test controls the type [ comparisonwise error rate, not the experimentwise crror rate
Alpha= 0.05 df= 44 MSE= 0.000505
Numberof Means 2 3 4 -5 6 7 8 9 10 11
Critical Range 02866 .03014 .03110.03181 .03234 03277 03311 .03340 .03365 .03386

Means with the same letter are not significantly different.

Duncan Grouping Mean N TIME
A 0.72200 5 oM
B A 0.69400 5 M
B 0.68200 5 2M
B C 0.67600 5 M
B C 0.67200 5 aM

B C 0.66800 5 5M



Duncan Grouping

C

Mean
0.64800
0.46800
0.42400
0.35800

0.33400

122

TIME
10
15
20
25

30
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Analysis of Variance Procedurc
Class Level Information
Class  [evels Values
TIME 11 OM 0[5 1M 2025 2M 30 3M 4M 5M
Number of observations in data set = 55
Analysis of Variance Procedure

Dependent Variable: WHIP

Source DF Sum of Squares Mean Square F Value Pr>F
| Model 10 0.92073091 0.09207309 62.44 (.0001
Error 44 0.06488000 0.00147455
Corrected Total 54 0.98561091
R-Square C.V. Root MSE WHIP Mean
0.934173 6.494433 0.0383998] 0.59127273
Source DE Anocva S5 Mean Square I Value Pr>F
TIME 10 0.92073091 0.09207309 62.44 0.0001

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: WHIP
NOTE: This test controls the type I comparisonwise error rate, not the experimentwise error rate
Alpha= 0.05 df= 44 MSE=0.001475
Number of Means 2 3 4 5 G 7 8 9 10 11
Critical Range 04895 .05147 .05313 .05432 05524 05597 .05636 .05705 .05747 .05783

Means with the same letter are not significantly different.

Duncan Grouping Mean N TIME
A (.74200 5 OM
B A 0.72400 5 IM
B A 0.70400 3 2M
B A 0.69800 5 iM
B A 0.69000 5 4M

B 0.68600 5 SM



Duncan Grouping

C
b C
D C
D
D

Mcan
0.50000
(0.46200
0.45000
0.42800

0.42000

TIME

10

15

20

25

30



oy

Ha A=W 3AATH M (% Whippability) 0 12345 10 15 20 25 1taz 30 11N Yo IBITUNRUMS
7 d’. =
ananIvezrIal 120 #¥1n
Analysis of Variance Procedure
Class Level Information
Class  Levels Values
TIME 11 OM 1015 1M 2025 2M 30 3M 4M 5M
Number of observations in data set = 35

Analysis of Variance Procedure

Iependent Variable: WHIP

Source DF Sum of Squares Mean Square F Value Pr>F
Model 10 088109818 0.08810982 108.29 0.0001
Error 44 0.03580000 0.00081364
Corrected Total 5;1 0.91689818
R-Square CV, Root M5SE WHIP Mean
0.960955 4.602045 0.02852431 0.61981818
Source DF Anova 8§ Mean Square I Value Pr>F
TIME 10 0L.88109818 0.08810982 108.29 0.0001

Avalysic of Variance Procedure
Duncan's Multiple Range Test for varigble: WHIP
NOTE: This test controls the type 1 comparisonwise crror rate, not the experimentwise error rate
Alpha= 0.05 df=44 MSE=0.000814
Number of Means 2 3 4 5 6 7 8 9 10 11
Critical Range  .03636 .03823 03946 .04035 .04103 .04157 .04201 .04238 .04269 .04296

Means with the same lefter are not significantly different.

Duncan Grouping Mean N TIME
A 0.77400 5 OM
B A 0.74400 5 1M
B 0.72600 5 2M
B (.72000 5 M
B 0.71200 5 4M

B 0.70600 3 SM



Duncan Grouping

C

D

D

Mean
0.56800
0.51200
0.47600
(0.44800

0.43200

126

TIME
10
15

20

30
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Analysis of Variance Procedure
Class Level Information
Values

Class  Levels

TIME 7512 820 8530 540 S50 860 S90
Number of observations in data set = 35

Analysis of Variance Procedure

Dependent Variable: WIIIP

Source DF Sum of Squares Mean Square F Value Pr>F
Model 6 0.08128000 0.01354667 8.04 0.0001
Error 2? 0.04716000 0.00168429
Corrected Total 34 0.12844000
R-Square C.V. Root MSE WHIP Mean
0.632825 5.829553 0.04104005 0.70400000
Source DF Anova 58 Mean Square I Value Pr>F
TIME 6 0.08128000 0.01354667 8.04 0.0001

Analysis of Variance Procedure

Duncan's Multiple Range Test for variable: WHIP

NOTE: "Ihis test controls the type I comparisonwise error rate, not the experimentwise error rate

Alpha~ 0.05 df= 28 MSE=0.001684
Number of Means - 2 3 4 5 0
Critical Range

Means with the same letter are not significantly different.

Duncan Grouping Mean N
A 0.77400 5
B A 0.74200 5
B A 0.72200 5
B C 0.70800 5
B C (.70800 5
D C 0.65400 5
D 0.62000 5

03317 .05587 05761 .05885 .03978 .06051

TIME

S12
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Class Level Information

Class

TIME

Number of obscrvations in data set = 35

Dependent Variable: WHIP

[.evels

Valucs

Analysis of Variance Procedure

7 S12 820 S30 540 550 S60 8590

Source DF Sum of Squares
Model 6 (L07230857
Error 28 0.04688000
Corrected Total 34 0.11918857
R-Square C.V.
0.606674 6.012306
Source DF Anova 58
TIME 6 0.07230857

Mean Square
0.01205143
0.00167429

Root MSE

Analysis of Variance Procedure

0.04091804

Mean Square

0.01205143

Analysis of Variance Procedure

F Value Pr>F

7.20 0.0001

WHIP Mean

0.68057143

F Value Pr>F

7.20 0.0001

Duncan's Multiple Range Test for variabie; WHIP

NOTE: This test controls the type I comparisonwise error rate, not the experimenswise error rate

Alpha= 0.05 df= 28 MSE=0.001674

Number of Means

2 3

4

6

7

Critical Range  .05301 05570 .05744 05868 .05961 06033

Means with the same letter are not significantly different.

Duncan Grouping

A

o U T W w w

O B,

!

Mean
0.74400
0.72400
0.69400
0.68600
0.68000
0.62400

0.60200

N

A

LA

IME
Si2
S50
S60
520
S50
530

540
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Analysts of Variance Procedure
Class Level Information
Class Levels Values
TIME 7 S12 820 830 8§40 S50 860 890
Number of observations in data set = 35
Analysis of Variance Procedure

Dependent Variable: WHIP

Source DF Sum of Squares Mean Square F Value Pr>F
Meodel 6 (.06302857 0.01050476 .93 0.0001
Error 28 .04244000 0.00151571
Corrected Total 34 0.10546857
R-Square C.Vv. Root MSE WHIP Mean
0.597605 5.833160 0.03893218 0.66742857
Source DF Anocova S5 Mean Square I* Value Py=F
TIME 6 0.06302857 001050476 6.93 0.0001

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: WHIP
NOTE: This test controls the type | comparisonwise ertor rate, not the experimentwise error rate
Alpha=0.05 df=28 MSE=0.00{516
Number of Means 2 3 4 5 6 7
Critical Range 05044 .05300 .05465 05583 .05671 .05741

Means with the same letter are not significantly different.

Duncan Grouping Mean N TIME
A 0.72600 5 S12
B A 0.70400 5 590
B A 0.68200 5 Seo
B AC 0.67400 5 S20
B C 0.67000 3 S50
D C 0.62400 5 S30
D 0.59200 5 S40
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Class Level Information

Class

TIME

Number of observations in data sct = 35

Dependent Variable: WHIP

source IDF
Model 6
Error _928

Corrected Total 34

R-Square

0.607696
Source DF
TIME 6

Sum

0.0

Analysis of Variance Procedure

[.ovels

Values

7 S12 520 830 540 S50 560 590

Analysis of Variance Procedure

of Squares

6406857

.04 136000

0.10542857

C.V.

5.810698

Anova 58

0.06400857

Analysis of Variance Procedure

Mean Square

0.01067810

(.00147714

Root MSE
0.03843362
Mean Square

0.01067810

F Value Pr»F

7.23 0.0001

WHIP Mean
0.66142857
F Value Pr>F

7.23 0.0001

Duncan's Multiple Range Test for variable: WHIP

NOTE: This test controls the type [ comparisonwise error tate, not the experimentwise error rate

Alpha= 0.05 df=28 MSE=0.001477

Number of Means

Critical Range

2 3

4

&

7

04979 05232 05395 05511 .05599 .05667

Means with the same letter are not significantly different.

Duncan Grouping

A
B
13

B

Mecan
0.72000
0.69800
0.67600
0.67000
.66400
G¢.6 1600

0.58600

N
3

560
520
S50
S30

544
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Analysis of Variance Procedure
Class Level [nformation
Class [evels Values
TIME 7 S12 820 S30 840 550 S60 890
Number of observations in data set = 35
Analysis of Variance Procedure

Dependent Variable: WIITP

Source DF Sum of Squares Mecan Square I Value Pr>F
Madel 6 0.06149714 0.01024952 7.90 0.0001
Hrror 28 0.03632000 0.00129714
Corrected Total 34 0.09781714
R-Square C.V. Root MSE WHIP Mean
0.628695 5.487834 0.036013587 0.65628571
Source DI Anova 58 Mean Square IF Value Pr>F
TIME ) (.06149714 0.01024952 7.90 0.0001

Analysis of Variance Procedure
Duncan's Multipie Range Test for variable: WHIP
NOTE: This test controls the type I comparisonwise crror raie, not the experimentwise error rate
Alpha= 0.05 df= 28 MSE=0.001297
Number of Means 2 3 4 5 6 7
Critical Range 04660604903 05056 .05165 05247 .05311

Means with the same letter are not significantly differcnt.

Duncan Grouping Mean N TIME
A 0.71200 5 Si2
B A 0.69000 5 S50
B A 0.67200 5 360
B A 3.66800 5 320
B 0.66000 5 S50
C 0.61000 5 S30

C (.58200 5 540
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Analysis of Variance Procedure

Class Level Information

Class

TIME

l.evels Values

7 S12 8§20 530 840 S50 S60 $90

Number of observations in data set = 35

Dependent Variable: WHIP

Source Dy
Model 6
Error 28

Corrected Total 34

R-Square

0.621929
Source DY
TIME 6

Analysis of Variance Procedure

Sum of Sguares Mean Square
0.05915429 0.00985905
0.03596000 (.00128429

0.09511429

C.V, Root MSE
5.489246 0.03583693
Anova S8 Mean Square
0.05915429 0.00985905

Analysis of Variance Procedure

F Value Pr>V7
7.68 .0001
WHIP Mean
0.65285714
F Value Pr>F
7.68 0.0001

Duncan's Multiple Range Test for variable; WHIP

NOTE: This test controls the type [ comparisonwise error rate, not the experimentwisc error rate

Alpha=0.05 df=28 MSE=0.001284

Number of Means

Critical Range

2 3 4 5 6

7

0464304878 05031 .05139 05221 05284

Means with the same letter are not significantly different.

Duncan Grouping Mean N
A 0.70600 5
A 0.68600 5
A (.66800 5
A 0.66400 5
A 0.66000 5
B 0.60600 5
B 0.58000 5

550
S30
540
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Analysis of Variance Procedure

Class Level Information

Class Levels

TIME 7

Values

Number of observations in dala set = 33

Analysis of Variance Procedure

Dependent Variable: WHIP

Source DF Sum of Squares
Model 6 0.17559429
Error 28 0.02328000
Corrected Total 34 0.19887429
R-Square C.V.
0.882941 5388183
Source DF Anova 55
TIME 3] 0.17559429

Mean Square
0.02926571

0.00083143

Root MSE
0.02883450
Mean Square

0.02926571

Analysis of Vanance Procedure

S12 820 S30 540 S50 560 S90

I Value Pr>F
35.20 0.0001
WHIP Mean
0.53514286
F Value Pr>F
35.20 0.0001

Duncan's Multiple Range Test for variable: WHIP

NOTE: This test controls the type [ comparisonwise error rate, not the experimentwisc error rate

Alpha=0.05 df= 28 MSL~ 0.000831

Number of Means 2

4 3

)

9

Critical Range 0373603925 04048 04135 04200 04252

Means with the same letter arc not significantly different.

Duncan Grouping
A

A

o

!

(e

Mean
0.648060
0.61200
0.56800
0.50800
0.50000
0.47200

0.43800

N

2

TIME
860
S50
S12
5S40
S50
330

320
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Class Level Information
Class

TIME 7

Analysis of Variance Procedure

Levels

Values

S12 820 §30 540 S50 S60 590

Number of observations in data set = 33

Dependent Variable: WHIP

Source DF

Model 6

Frror 28

Corrected Total 34
R-Square
0.528579

Source DF

TIME 6

Analysis of Variance Procedure

Sum of Squares
0.08301714
0.07404000
4.15705714
C.Vv.
11.28396
Anova 58

0.08301714

Mean Square
0.01383619
0.00264429

Root MSE
0.05142262
Mean Square

0.01383619

Analysis of Vaniance Procedure

T Value Pr>TF
5.23 0.0010
WHIP Mean
0.45571429
F Value Pr>F
523 0.0010

Dunean's Multiple Range Test for variable: WHIP

NOTE: This test controls the type T comparisonwise error rate, not the experimentwise error rate

Alpha= 0.05 df=28 MSE-0.002644

Number of Means 2 3
Critical Range

Means with the same ictter are not significantly different,

Duncan Greuping

A

B A

B A

B A C
B b C
D C

D

4 3 6

Mean N
(3.52400 5
0.51200 5
0.46800 5
0.46200 3
0.44200 5
1.39400 3
0.38800 V]

7
06662 07000 07218 07374 07491 .07382

TIME
550
512
S60
590
S40
S20

S30
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Analysis of Variance Procedure
Class 1.evel Information
Class Levels Values
TIME 7 S12 820 S30 S40 S50 S60 S90
Number of observations in data set = 35
Analysis of Variance Procedure

Dependent Variable: WP

Source D Sum of Squares Mean Square F Value Pr>F
Muadel 6 0.09293714 0.01548952 4.21 0.0038
Error 28 0.10292000 0.00367571
Corrected Total ?4 0.19585714
R-Square C.V. Root MSE WHIP Mean
0.474515 14.28935 06.06062767 0.42428571
Source DF Anava 588 Mean Square F Value Pr>F
TIME 6 0.09293714 0.01548952 4.21 0.0038

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: WHIP
NOTEL: This test controls the type I comparisonwise error rate, not the experimentwise etror rate
Alpha= 0.05 df= 28 MSE= 0.003676
Number of Means 2 3 4 3 6 7
Critical Range 07854 082523 08511 .08694 .08832 08940 Means

with the same letter are not significantly different.

Duncan Grouping Mean N TIME
A 0.49800 5 550
B A 0.47600 5 512
B A C 0.45000 5 590
B DAC 0.42400 5 560
B D C (.41000 3 540
C 0.36800 5 820

0.34400 5 S30
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Analysis of Variance Procedure
Class Level Information
Class Levels Values
TIME 7 512 520 S30 S540 S50 560 §90
Number of observations in data set = 35

Analysis of Variance Procedure

Dependent Variable: WHIP

Source DF Sum of Squares Mean Square I Value Pr>F¥
Model 6 0.11116000 0.01852667 3.66 0.0082
Lrror 28 0.14160000 0.00505714
Corrected Total 34 0.258276000
R-Square CYV. Root MSE WHIP Mean
0.439785 18.32825 0.07111359 0.38800000
Source DF Anova 58 Mean Square F Value Pr>F
TIML: 6 G.117116000 0.01852667 3.66 0.0082

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: WHIP
NOTE: This test controls the type I comparisonwise error rate, not the experimentwise crror rate
Alpha= 0,05 di= 28 MSE= 0.005057
Number of Means 2 3 4 5 6 7
Critical Range  .0921 .0968 .0998 .1020 .1036 .1049

Means with the same letter are not significantly different.

Duncan Grouping Mean N TIME
A 0.46200 5 850
B A 0.44800 5 S12
B A 0.42800 5 S90
B AC 0.38800 5 840
B C 0.35800 5 S60
C 0.32800 5 S20

C (.30400 5 530
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Analysis of Variance Procedure
Class Level Information
Class Levels Values
TIME 7 512 520 830 S40 S50 S60 S90
Number of observations in data set = 35
Analysis of Variance Procedure

Dependent Variable: WHIP

Source DF Sum of Squares Mean Square F Value Pr>F
Model 6 0.12203429 | 0.02033905 4,46 0.0028
Error 28 (.12772000 0.00456143
Corrected Total 34 0.24975429
R-Square CV. Root MSE WHIP Mean
0.488617 18.19740 0.06753835 0.37114286
Source 838 Anova S8 Mean Square F Value Pr>F
TIME 6 0.12203429 0.02033905 4.46 0.0028

Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: WHIP
NOTE: This test controls the type I comparisonwise error rate, not the experimentwise crror rate
Alpha= 0.05 df=28 MSE=0.004561
Number of Means 2 3 4 5 6 7
Critical Range  .08750.09194 .09481 .09685 .09839 .09959

Means with the same letter are not significantly different,

Duncan Grouping Mean N TIME
A 0.44200 5 550
A 0.43200 5 812
B 0.42000 5 390
B AC (.38000 5 S40
B DC (33400 5 S60
D C 0.30600 5 520
D 0.28400 5 330
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Analysis of Variance Procedure
Class Level Information
Class  levels Valucs
REP 3 123
CONC 3 €01 C02 C03

ENZ 2 CcPp

Number of observations in data sct =~ 18

Analysis of Variance Procedure

Dependent Variable: PEPTIDE

Source . DF
Model 7
Error 10
Corrected Total 17
R-Square
0.997553
Souree DF
REP 2
CONC 2
ENZ 1

CONC*ENZ 2

Sum of Squares Mean Square FValue Pr>F
1327.31241722 189.61605960 582.49  0.000!
3.25528056 0.32552806

1330.56769778

C.v, Root MSE PEPTIDE Mean
4.904634 0.57055066 11.63288889
Anova S8 Mean Square F value Pr=F
0.54391478 0.27195739 0.84 0.4618
1326.76739244 663.38369622 2037.87 0.0001
0.00053356 0.00053356 0.00 0.9685
(.00057644 0.00028822 0.00 0.9991

Analysis of Variance Procedure

Student-Newman-Keuls test for variable: PEPTIDE

NOTE: This test controls the type I experimentwise error rate under the complete null hypothesis but

not under partial null hypotheses.

Alpha=0.05 df= 10 MSE=0.325528
Number of Means 2 3
Critical Range  0.7339605 0.9030003

Means with the same letter are not significantly different.
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SNK Grouping Mean N CONC
A 21.9670 6 Co3
B 11.9857 6 co2
C 0.9460 6 Co1

Analysis of Variance Procedure
Student-Newman-Keuls test for variable: PEPTIDE
NOTE: This test controls the type I experimentwise crror rate under the complete null hypothesis but
uot under partiaf null hypotheses.
Alpha= 0,05 df= 10 MSE=0.325528
Number of Means 2
Critical Range 0.5992762

Means with the same letter are not significantly different.

SNK Grouping Mean N ENZ

A 11.6383 9 P

A 11.6274 9 C
Level of Levelof  ~------- ~—-PEPTIDE-~--=-----
CONC ENZ N Mean Sb
ol C 3 (.9433333 0.04026578
Col p 3 0.9486667 .02444040
Coz C 3 11.9723333  0.43945572
co2 P 3 11.999G000 0.20086563
€03 C 3 21.9666667  0.66405145

€03 P 3 21.9673333  1.10586904
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Analysis of Variance Procedure

Class Level Information

Class [evels
REP 3
CONC 3
ENZ 2

Values

123
CO1C02 CO3
CT

Number of observations in data set = 18

Dependent Variable: PEPTIDE

Source DE
Model 7
Error 10

Corrected Total 17

R-Square

0.999342
Source DF
REP 2
CONC 2
ENZ 1
CONC*ENZ 2

Analysis of Variance Procedure

Sum of Squares
51.89194939
0.03418022
51.92612961
C.V.
2.474428
Anova 35
0.00494978
4742075411
3.78950450

0.67674100

Mean Square
7.41313563

0.00341802

Root MSE
0.05846385
Mean Square
0.00247489
23.71037706
3.789350450
0.33837050

F Value
2168 84

PEPTIDI: Mecan
2.36272222
¥ Value
.72
693687
1108.68

99.00

Analysis of Variance Procedure

Student-Newman-Keuls test for variable: PEPTIDE

Pr=F

0.0001

Pr=F

0.5085
0.0001
0.0001
0.0001

140

NOTE: This test controls the type [ experimentwise error rate under the complete null hypothesis but

not under partial null hypothescs.

Alpha= 0.05 df= 10 MSE=0.003418

Number of Mecans

Critical Range

0.0752083

2 3

0.0925297

Means with the same letter are not significantly different.
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SNK Grouping Mean N CONC
A 4.40717 6 o3
B 2.24433 6 co2
C 0.43667 6 Co1

Analysis of Variance Procedure
Student-Newman-Keuls test for variable: PEPTIDE
NOTE: This test controls the type [ experimentwise error rate under the complete nuil hypothesis but
not under partial null hypotheses.
Alpha=0.05 df= 10 MSE=0.003418
Number of Means 2
Critical Range 0.0614073

Means with the same letter are not significantly different.

SNK Grouping Mean N ENZ

A 2.821506 9 T

B 1.90389 9 C
Level of Levelof — -veoooen PEPTIDE-----------
CONC  ENZ N Mean SD
Co1 C 0.22800000 0.03758989
Co1 T 0.64533333 0.02542309
Co2 (C 1.75766667 0.10722096
Co2 T 2.731000600 0.00000000
€03 C 3.726060000 0.03482815
03 T 5.08833333 0.06925557
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Analysis of Variance Procedure

Class Level Information

(Class Levels Values

REP 3 123

CONC 3 €01 Co2Co3
ENZ 2 AC

Number of observations in dafa set = 18

Analysis of Variance Procedure

Dependent Variable: PEPTIDE

Source
Model

Error

Corrected Total

DF

R-Square

0.998729
Source DF
REP 2
CONC 2
ENZ 1
CONC*ENZ 2

Sum of Squares Mean Square F Value
6239.82885572 891.40412225 1122.70
7.93983856 0.79398386

6247.76869428

C.V. Root MSE PEPTIDE Mean
5.250284 0.89105772 16.97161111
Anova S8 Mean Square F Value
0,90019011 0.45009506 0.57
404098143211 2020.49071606 254475
120578146272 1205.78146272 [518.65
99216577078 496.08288539 624.80

Analysis of Variance Procedure

Student-Newman-Keuls test for variable: PEPTIDE

Pr>F

0.0001

Pr>=F
0.5845
0.0001
0.0001
0.0001

NOTE: This test controls the type I experimentwise error rate under the complete null hypothesis but

not under partial null hypotheses.

Alpha= 0.05 df= 16 MSE=10.793984
Number of Means 2 3
Critical Range  1.1462631 1.4102611

Means with the same letter are not significantly ditferent.



SNK Grouping Mean N CONC
A 37.2587 6 Co3
B 12.1267 6 Co2
C 1.5295 6 Co1

Analysis of Variance Procedure

Student-Newman-Keuls test for variable: PEPTIDE

NOTE: This test controls the type [ experimentwise error rate under the complete nufl hypothesis but

not under partial null hypotheses.

Alpha=0.05 df= 10 MSE=0.793984
Number of Means 2
Critical Range 0.9359199

Means with the same letter are not signiticantly different.

SNK Grouping Mean N ENZ

A 25,1562 9 A

B 8.7870 9 C
Levelof Level of  -=oremeee- PEPTIDE----~------
CONC ENZ N Mean SD
ol A 3 20633333 0.14533524
Col C 3 0.9956667 0.17559423
co2 A 3 17.9093333 1.11021364
co2 C 3 6.344G000 0.50964792
C03 A 3 55.49606000 1.59134880
Co03 C 3 19.0213333 (.58596274

143
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Analysis of Variance Procedure

Class Level Information

Class TLevels Values

EXS 4 CON S10 825 850

Number of observations in data sct = [2

Analysis of Variance Procedure

Dependent Variable: ACY

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.00205841 0.00068614 0.60 0.6311
Lrror 8 0.00910098 0.00113762
Corrected Total ~ 11 0.01115939
R-Square C.V. Root MSE PERCENT Mean
0.184455 3.159273 0.03372860 1.06760833
Source DY Anova SS Mean Square r Value Pr=F
EXS 3 0.00205841 0.00068614 0.60 0.6311

Arnalysis of Variance Procedure
Duncan's Multiple Range Test for variable: ACV
NOTE: This test controls the type I comparisonwise error rale, not the experimentwise error rate
Alpha=0.05 df=8§ MSE=000113%
Number of Means 2 3 4
Critical Range  .06350 .06618 06767
Means with the same letter are not significantly different.
Duncan Grouping Mean N EXS
A 1.08457 3 CON
A 1.07613 3 S10
A 1.05563 3 525
A

1.05410 3 550
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Analysis of Variance Procedure
Class Level Information
Class Levels Values
EXS 4 CON S10 525 S350
Number of obscervations in data set =12

Analysis of Variance Procedure

Dependent Variable: ACV

D Sum of Squares Mean Square F Value
3 0.00097726 0.00032575 0.59
8 0.00442557 0.00055320
11 0.00540283
R-Square CV. Root MSE ACY Mean
£.180879 1.959629 (1.02352012 1.20023333
DI Anova SS Mean Square F Value
3 0.00097726 0.00032575 0.59

Analysis of Variance Procedure

Duncan's Muliiple Range Test for variable: ACV

NOTE: This test controls the type [ comparisonwise error rate, not the experimentwise error rate

Alpha=0.05 df=8 MSE= 0000553
Number of Means 2 3 4
Critical Range  .(04428 04615 04719
Means with the same letter are not significantly differcnt.
Duncan Grouping Mean N EXS
A 1.21357 3 CON
A 1.20347 3 S50
A 1.19233 3 510
A

119157 3 525
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Physical Characteristics and Microstructure of Extruded Rice Pasta
Influence of extrusion parameters on textural properties and microstructure of cxpanded
and non-expanded rice products

Qualities and contents of CLA ({(conjugated linoleic acids) in cow milk after
pasteurization and UHT process

Increase of conjugated linoleic acid content in yoguri by fermentation with lactic acid
bacteria

Surface modification of synthetic and natural fibers for protein coating

Effect of lactoperoxidase system in milk and UF Mozzarclla cheese

Physicochemical properties of fibroin and sericin powders produced from silk cocoons

and silk water

Survey of Thaitand food industry
A comparative study of charactetistics, chemical composition and sensory qualities of

hybrid native chicken, commercial broilers and laying male chicks
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NundsavSHnentu:

Development of silk protein and mulberry for military supplics - N9911 | HINY
T 2 Aol
Rice pasta process for the commercial production-President Rice (MaMa) products

public Co., LTD.

Process development for pellet using a twin-screw extruder-Beril Jocker Foods Limited



=y
SRR

[

S H|

-
i

148

Development of process for incorporating sericin into synthetic and natural fibers-Thai
Wacoal Public Company Limited; Textile Presﬁgc Public Company Limited,
Bamgkok Thailand.

GMP amd HACCP-ThaiSilk Products Co., I.TD, Nakernratchasima, Thailand

Use of fluorescence imaging system to study Mozzarella cheese-Laprino Co, LTD,
Denver Colovado, USAL

Methad for cetecting incomplete coating of polycarbon on zine oxide micropaticles use
as bulking agents to treat woman with urinary inconfinence — UroScience Co.
LTD., Minisota, USA. Submitted reports to the USFDA

[ncorporation of native whey proteins into Cheddar cheesc to increase yield using

ultrafiliration system — Kraft Foods Co. L TD, Chicago, Hlinois, TISA.
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Sutheerawattananonda, M. and Bastian, E. D. Influence of pH on flow/meltability of process
cheese. J. Dairy Sci. 1998, 81(Suppiement 1), 24. Presented at the 93" Annual

meeting of the American Dairy Science Association, Denver, Colorado. July 1998,

Suthcerawattananonda, M. and Bastian, E. D. Monitoring process cheese meltabilily using
dynamic stress rhcometry. J. Texture Studies. 1997, 29, 169-183, Presented at the 92
Annual meeting of the American Dairy Seience Association, University of Guelph,

CGruelph, Ontario, Canada. June 1997,

Suthecrawattananonda, M., Fulcher, R. G., Martin, F., and Bastian, E. D). Fluerescence image
analysis of process chieese manufactured with trisodium citrate and sodium chloride. J.

Dairy Sci. 1997, 86, 620-627.

Sutheerawatiananonda, M. and Bastian, I, D. Fat globule evaluation in model precess cheese
using fuerescence imaging. J. Dairy Sci. 1996, 79(Supplement 1), 95, Presented at the
91" Annual mecting of the American Dairy Science Association, Oregon Staic

University, Corvallis, Oregon. July 1996,

Sutheerawattananonda, M. and Bastian, E. D. Quantitative evaluation of fat distribution in

process and natural cheeses using flucrescence imaging. J. Dairy Sci. 1995,
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78(Supplement 1), 129. Presented at the 90" Annual meeting of the American Dairy

Science Association, Cornell University, Ithaca, New York. June 1995.
Suthcerawattananonda, M., Bhattacharya, M., Moore, W., and Fulcher, R. G. Differences in

physical properties and microstructure of wheat cultivar in extrusion qualities, Cereal

Chem. 1994, 71, 627-631,



