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Abstract 

Degumming process is a fundamental process for silk yam and silk fabric finishing. The 

main objective is scouring the substrate such as silk gum (sericin), wax and fatty acid from silk 

fiber. The principle of degumming process is destroying the peptide linkage of amino acid in 

sericin structure into a small molecule which is soluble in water. The hydrolysis reaction 

performed by acid, alkaline, enzyme, surfactant as soap, and high pressure steam process. The 

conventional methods favor degumming with soap and sodium carbonate. This process has a 

problem on the surface area of silk. Proteolytic enzymes can answer this problem but it seldom 

use because of a specific condition and high cost. For this reason, the insteading of papain 

enzyme from dry latex of Carica payapa Linn. was decided to use for silk degumming at any 

condition study. 

This research was concerned with the silk degumming using papain enzyme form dry 

latex of Carica payapa Linn. The degumming process was performed at the temperature vary 

from 55 - 85 degree Celsius, time fromlO to 40 minutes and the amount of dry latex ranging 

from 0 to 4% owf in order to study the suitable condition for degumming and surface 

morphology. The efficiency of degumming process was evaluated by determination of tensile 

strength and stainiqgJest with dire~~ dyes (C.1. Direct Red 80~StaIDing result.will be opposed to 

degumming efficiency. The result was revealed; the appropriate conditions for silk degumming 

with dry Carica payapa Linn. 's latex were recommended as follows : the amount of dry latex 

solution of 4 % owf at 75 degree Celsius for 30 minutes. The degummed fibers leaves lustrous, 

soft and surface smooth. This condition does not have effect to tensile strength and fiber surface. 

Keywords: degumming, papain 
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'U • 

fI 11lJ1J''U111 ijl'l1lJ1~~lJllfitln tJ 1111Y1'fJ-~'fJlJ l~ 'fJ1'l~lVll fl 'U1'l~lVlnw cn~ij \! (;lfi111(;l~ijmllJ ~1V'lllJ 
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I 'U f)l')(;l'fJtlf)l11~'U IV 1lflJlm:;;ij,)lf1l1:u~'llJ ltlirtllll1~'l1'U 1I1tlf)l') fftl'l:l 1'VllJ11l'UVHlJ~(;l~tl'fJij 
'U 

1'fJ'U 19fu111111'U ~'lI~'Ul'fJ'U I9fU~ijmllJ~llJUtl l'Utll,)v'fJv~l')11')~tl'fJlJ11,)~lfiYll11')~'U 1~ 1flV 
1 , 91 • , 

lJ ~(;l ~tl 'fJ~'Ul1'J1fiij11(;l tl 'fJV-n1 '1111'U Y1tll1'U fill (;l~ij') lf1ltltl ~'lijmllJl'I1lJ1~~lJfi lI~tJ llllI oH'1 'U 
~ ~ ~ ~ 

fftl'l:l1f)l')(;l'fJtlf)l1 llflJ~1vvl :JlJ~(;l~tl'fJ 1~ 
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1.3 'Uf)'lJl'UVI'U~Hlfn~m'i1.u[J 

1. Yllf1l'HltJf1flll1 '11 'lJ~lt1t11~'lJ~'J~f1tJ~U 

2. 111'lJ~U~1,*'lUfll] 'VI~'JtJ~lllU111'lJ'Wu£~ij'l'*mj..rl1ulumfll'l~1utJtJmQtI~ll1iJtJ. " 
~ d'd. &0 

3. vnn 'lJlI'l m 'VI 'VI1fll 'j f1 f1 lJ1 

- ffUHi1U1'V1t1l'U8~ IffU 'ltl111'lJ .. 
- flll1111~~1l H'U eJ~lffUItl 11111~ H1U f1l'j 'JtJf1flll111'lJ 

- flll'lJ'ffl'lJ1'jt) 'lwfll'j ~~iY'UtJ~lffUItlmf~H1Ufll'j 'JtJf1flll 

"" '" d1.5 UrJ111fl't'ffl 

- ItJ'W lctnJ : l'il!'i~1Jiin~tll'VI1~~1.f)WI 11lU 'ffl'jU'j~f1tJUYnf1 i U'j~U 'ffl'lJ1'jt)'J~'VHf~~l'W 

ritJti'lJl1'W~'U tJ~Uiin~tll ltIU 'IClf1f'l~d ~IQ'Wl~GlfU~'UtJ~U iirntn ll'J~'lfiJ~'UtJ~'ffl'j ~1.,j'lYllU iin~ til 

- I - I 1 """ dI I '" "'''''1 " i- I '" - ulluU : ltIU ClfJJ'lfU~l'1U~ UtI1~'lJ~'J~f1tJ 'lJ'ff'lJUI'l Ufll'j')flt1tJtJtI u'jI'l'W 

- IClf'jlcMU : 'ffl'j iU'j~U~lllul'ill'imr'lJll'J~lllUl'il[j~'ll1'1-wimfl'W2Iff'W'jl'lJtlU.
 
- 1-wimflU: IffUI[J~lllU'ffl'jU'j~f1tJUiu'j~u U'j~f1rJu~lt1m~rJ~iJiu'lfiJ~I9iVJ~ 'jl'lJ 

11l'W'WrJ i11'lJ rJ{ U'j~f1tJu~lmhu ~,)~11 tI~ I'il11lU 'j~lii tlU Im~fflU ~,)~ 11 tI~ I'il1liltl'W 'j~ IUtlU i ~ tI 

~fflU~') ~ 11 tI~l'il11lU'j~ IUm ,ij N'J19i tJfl1l'lJll1Util'll tJ':Jlff'W Itl111 'lJ 



, 
'" 'lJ'nn 2 

, , 
"" ..... "'''' !II

!3flallHa~-:.tlU1iUJn!fl[J1"U3-:.t 

2.1 ''t'i'IJ (Silk) 

~hl11 i~i'1Jtl1'j'IJlJ1tJ lJ11r;hl~lJ nifilmi-Ju!u 1u 1~~H1I1fl i'HllllllJ l~lJ tv~ihflmlfllJW]j 
~. ~ 

fl1111~1V'l111 1I'H'j'H'j111'fl~iJf1ru~1 ]jfl1111t,mJlJ 1l1llJ1'fl ]jfl1'j'Vl'l~1V1~ 1I119illfl1111tiflJ i~~ 111 
'\II !U III q '\II 

~ , . 
t 'If~~111 t~HiYfl~1J1V i~n1ijv11'HlJfl~'HlJ~ II'If'l~lV ]jVllJ~1V1t~V1Jl1-1 t 'IfHlJ 'fl~flfl'l'H~fliY 'l 

'U 'U • 

~mhmilfllJ~lI i~V1fl ]jf1111111~'lUH~ 'ltrlmmV1JtVlV1Jn1Jt~lJtmj'j 'jll'lf1~'l1lJlI~lJ"l ~'l111t 'If . ~ 

i'H llll 'fl ~ ~~\9uiru ctlV1~~\9l 'il1m~lJ tv i 'Hll i~i'tlfl1111lJVll ~ 'l ~'ll t~fl~\9l 'illJ ()'l1l 'iI'iIirlJ 
'U • 

~ 

Ih~1~ff1~\9l{'W1J';h i'Hll~~\'lmfl'Ym9ffll'flfl\9l~llJflflfl 1119ifl1111~fl'ltl1'j t~lJ i 'Hll]jmml'l t lJ9ffl . .
'" '" 91 "I ~ ~ "" 91 0 '" d 91 d '" "'l 

~ 

91 d 1 1
1'flfl\9l~1lJ \9lflU'fl~\9l~1lJ flflfl ~ 'l9ffl'IJ1119ffl 'flfl'il1fl 'flfl~1 mll 'iI'lflmm1JlJ~lJmff1f1ill'VI\9lfl'lllf11'j

u 

\9l~llJ flflfl i tJiJ'l1'flfl\9l~llJ\9lf1flci1'lt~lJ~lt~lJd'lJ 'illJtnllt~lJ'VI1'l~lVi 'Hll~~~flnlJ~ fi'lU~lI'l t lJ 
'U 

fl1 wri 2.1 

d 
'VIm : Hahn, S. 1991 : 18 

t lJ mJV1m1ru~tJ'j~t'YIff\llJ'H~fl~fllJml'l itJ 3,000 iJOfllJf1~~191f11'fl 'W1J'H~fl!llJf11'jtiv'l 

'H~ fllJ i 'Hll ~ fl1l1 t lJ'lh'lO fl1Jff\9l1'j 'jlJ~ 2 t~lJ'VI1'l~lV i 'Hll i~'lJmVflflfl'il1fltJ'j ~ t'VIff\llJ H1lJ tm9fV 

flm'l i tJiJ'ltJ'j~I'VIfffllJt~mm~9ft~ v ~'lt~lJd1lJ'Hit'l'IJfl'lmru1~m 1 'jlJlJ tlJQf1JlJ~li 'Hll'VIfl 
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~1 i 'H1l lnl:::m:::lJ1Utlll NRI'l~l i 'H1l itliJtlntlrru'J!~u rl111l~lJ l111M'lJl:::!'YIfl~U itlihNflUreJtl 

"" d 91 11) dt & ""Iff'Vllitltl'JN1 l'Hll!lJUl:::tJ:::nmUlUtl'J 2,000 U . ~ 

1Ufll'l1lHlli 2 nm!rl1ffl'1tll~ ~~fitJitlu1m11ln UtlllNill'l~l i 'H1l i lJti'Jlh:::!'YIfl'!tll'H~ 
~ ~ 

U~:::lJl:::!'YIfl~~U 1UUrl1ffVlftm1'lf 2001 Wmlf]lll'lf'tJI'l'HmtJ"l yhU'~illJti'JlJl:::!'YIfl~U ,tliJ 

tlllfftllJtl11l!~1l!~ml1tl~lJtlf]ltl'J!~[J1fllJl~ u~'~lJl:::fflJm11ltl'Jm11l~lJ1UtlllNill'l~l' 'H1l 
~ 

'd1!~" 1Url1ffl'lffm1'lf 552 ~lJtlf]ltl'Jtl1W1,)mlliJUI'l:::lUtltltl'Wl:::!~l')ff~!i!tJU (Justinian) 
~ 

(483 - 565) itltltltlf11~'J111'l'n::: 2 llJ 'lf11i1J!CJfU''Vltr1lJ'Hlr1~I~U~1!!'YIU1UtllliY1JI'~Um11l~lJ 
~ 

.dO' J'1I) d ""91'1' dt '11)& ~ 
!tltJ1tllJtlll !~tJ'J !'H1l tlllrUI~ lltJ~:::reJtJfltltl'Jm:::lJ1Utl1l N~l'lmU W 'HllllJUtltll'J Il CJf'J'Wl:::'Vl'J 

~ 

1utJrltlm'Jtltl'Jfll'lJ''J Hl~ 17 'lf11tl1'H1lJ itl!Nm!'W1~-I' 'H1l 'lJtr'J~U!!fl UUtllJ'Vl:::!~• 
!ll~!l'ltl{mi!tJu U~::: 'tl~m)f) 'lJrilJl:::!'YIflmlJuU~:::~l'll~ 1Ufl1'l1lHI~ 15 lfltJtl1lri 'J!ff11ltltl'J 

~ 

'Wl:::!~l'Hmr~ 16 (1423 - 1483) tll'lff1'Hmlll~1''Hlltltl'JN~'J!fl~'tllJ1lJlJH!'YIrliArltl1l'Vltl'tl~~u.. . 
~ ~ ~ 

't1'J itltlUW11'l111'l11tl1lNill'l!l~:::')flm:::lJ1Utlnl11'J1U1
U 

M'!~1'H~tltl1l'Vltl1M'~~u 
Q

't1'J itltlUW11'l1M' 
q U 

o ~ Q,I 0 GI jI jI W I .d 19 , Q.I If& IG} 
'Vl1tl1m~I'lU~:::"flm:::lJ1Utlll'Vl1'J1U Imtl1'H~tlU'H'J!'HI'lN~ U~:::'Vl!1ltl'J ~tlUCJfCJf'Jml IU 'Vl1'JfI1rl. ~ 

I'l::: lU tl tltltltl'J N~'J!fl'ffitltlmm~udjtl'JflU~tlm'J ~1''H1l ~ 'd1f1W ~'J!'lfU'M1'J~U fll'l1l nJ fi 14 
~ u 

91 9111) "'91 "" , "'f 'Itlllrl1t11tJN1 l'Hlltltl'JwmmJ fl!"lty~'J!ltl'J IU Augsburg, Nuremberg, ULM u~::: Regensburg 

91 , O' d , 91. I 0 c:l 'I 91 
f,ll'lff1'HmlllN1 'Hlltltl'J'Wl G1HCJftJ (Prussian) flUl:::fflJrl111l~1!l"fI1tJll'l Frederick The Grate 

j/ I I j/ 

(1712 - 1786) ilJfiufffltltl-:Jfll'l1lHlfi 18 U~~!~ul:::tJ:::nm'~UlU!yhh~'~U1!1tl'Jl11~U1l1. 
l:::lJ1U~tlci1U'lh'Jl:::'H';h'J 1934 u~::: 1945 ~lJl:::!'YIflWtlliJU itllM'tlllff,:rlJffUUtl1lNill'l~l ''H1l. .~ 

~tlrlf'J'H d'J tl1lNill'l~limJlutJhlJ'VltllUif!~U!~tl'J~!~mrtltJi~iJm11l'd1f1W u~~ 'tlNill'llU
• • u 

• I"" .d c:l 91 .d ,.I " 91' 'I 91 O' 'I '" 11) 91
ul1l1W'Vl!~tlUtltJ'Vln1lllN1 'H1l LuUingstone !tl~tllJ Sevenoaks IU!lltl'J Kent U~::: Ifltl~ltJ1l1 

dt' & .1 dO'.dO' 91' &., 11)91'19191' 0 0 ,

!lJU~1U'H U'Jtltl'JUl:::!'WWmUtltJ1tllJ N1 'H1l CJf'J'lf11tl'Jtlt]£l 1~1 I'lfNl 'HllUl1l1'Vl1,!!flUI'l'J'J1U 

"ui)'JtI",,'I1u (Hahn, S. 1991 : 18 - 19)• 

2.2 liU8U'lill 
I , " t 

, 'Hllfil~UtlllNill'll~UlfffJfi'J'Vltl,:rUiJ~tl1'Vltllfl1ffl'l{i1 Bombyx mori tl~lu1'Jff 

Bombycidae U~:::tlUfllJ Lapidoptora ''H1l!rJUUll~'J~iJtl1l!lJ~tJUUlJ~'JllJ11'JUlJlJfflllJlW.. ~ 

(Completely metamorphosis insect) u~'Jtltlmtlu 4 l:::tJ::: itlun i,j ~1'HUtlU ~tlutl u~:::fhitl ~'J 
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" .
1'Ull~"~)"~t1~fll'H'il~U1t~t11~u'U~)"11'hHlfl'l:lw~nll~fl~1'lf1mHJflll1 

u ~ 

" " 
t~t11~ 1~t1fll)""flflm1tll1)":;:;:lJ1W 3 - 4 f1i''l1'U)":::t1~nml1)"::::lJ1W 20 - 22 i'U ll":::'il:::~'\.hl1Uf)~') 

, iJ I I 

t~lJ~'U 10,000 tl'h 1~t1flnn'U 1t1l'llh)'UtTItI'lflriNt~t1') 1l,,:::tijflt'il~tyt~t11~t~lJnu~') 'il:::'YIQ~n'U 

fll'l1l)" ffnfll'YI n'lfiJ~~l'l~l ~1f1''il1f)1t1lf:Ufl'U'il~Ulll1ff~NfI,)llJt'il~tyt~t11~1~m·h'Uflnrifltl 
& " 1= 1 ::.J.J 'L 1 ",.d & 1 I 

ll,,:::~~C)flJ lJ)":lJ1W 1 'U 3 'Ufl'lffnfll'YIWVl'l'YIlJ~ f1H'YI'\.WUfl'l ~ lJ)"~'U'Vl~~C)flJ'il1fl t1'Y1lJfl'W'il~f1fl 
~ ~ ~ 

U11u1~Hi'i~ffn~1~1 'Wfln ifl1t1l'11i''l t~fl:lJ1li fl'I1'lJ~,)• 'YI1fltff'W1 'YIlJ~U1lJ1'Vlflt1J'WH'UN'1 1~t1 

f1,)llJtll1'IJfl'ltff'U 1t1'il:::~'U flfJf1t1ff1tlTI'U nll"~fln~tm 1'W'lh'l~t1J'W'YI 'U fl'U 1 'YIlJ 
~lJ q cu 

1~t1l1fl~,)'l'il';j~i~'IJfl'l'YI'Ufl'U l'YIlJ~'lt~mf'lll~l'li'il'Wt1J'UNt'ifl 1~nmu';j~lJ1W 45 - 52 i'W 
'j/ I ,'j/ 

ml'l'il1fltt:UNtiifl,)1'l1'lill~,) 'il~t~lJ~~~iYfhtfl~~'Wf)fl'U\1'li'il~t'il~tyt~t11~t1fltl"l'il'U~fllQ1f1' 8 i'U 
" , , 

~fllJ1'il~fhi1 'il~'IJtl1tl~,)'il'U'th 1..rt'litl1~t1'Wt~'U iYfl1fllJ t'Vl1 l1';j::::lJ1wi'Un 10 'YI'Wfl'W 1 'YIlJ~'il~~fl• 
lI) '.1 = lI) 21 'JI... 'JIlI)'= ~ ') lI) d ,,;.

flflfl'il1fl ~'IJ lJfl~'YI'Wfl'W mlJll~l"lflflflfl~fl'Ut'lf1'YI"'l'il1fl~flUm~lJtfl'W 3 'If') ~lJ'l 'YI'Ufl'W mlJfl'il~t';jlJ 

fl'Ufll'Yln flnt'il~tyt~t11~'IJCN'YI'WfllJ1'YIlJ1'U';j:::t1:::~1'l"l~'lttff~'l1'Ufl1'Y'l~ 2.2 tm~ 2.3 ~llJihfltl 

, 
'" l'I:lJ1 : http://www.moac.go.thlbuilder/mu/index.php?page=415&clicksub=415&sub=127 

\I] dI "1 c::: .d 9J ~ ~..J fj/.d I I.e!.ct 

'YI'Ufl'W mlJtlJfl ~ ~t~lJ'Vlllm'il~'IJtI'lJfl'lm,,')'If'W~'YI'W'l11';j~flfltl~,)t1ff1';j'Vl1UHUff '1 1lJlJff 

" . 
2 'lfiJ~ 'il1fl~fllJ 1 'YIlJ flflf):lJ1'Vl1'l~fllJU 1mtl 2 ~fllJ nflrifl'U":::~l'U'IJ'W1'U f1'U'Vl1'l~h'U't1,)'IJfl'l'YI'W fl'W 

~ 

\I] I: 'I Ci4.:!1 ~ I..J .cl 

mlJ ~fllJ'W1mtlU~":::~fllJlJ')j'flt'iA'Y'll:::f1flAqueduct 'YI';jfl Collector ~fllJ'YI'U'ltm~ Spinning flfl 
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• >J • 

~u:lJl1ii'l {fl'''1'rIJ~U:lJ Aqueduct UUhH1Jn1l~U:lJ Spinning lijUl1UUU'il~i'nlt1:iJu'il~oiJm,.n 
. "'l.J?t ~I I 

'UU'll11Il1'illnQ'l1U\9lU:lJ Aqueduct UUn'Yll'l Spinning head 'H1U Spinneret C)f'lllJU'lfU'lI~n"1 H1U 

uunri.fllt1UUn~'lfU'ltlPi''Ulm 11m 'ffltlttl'UU'l111~1~'lnci11IrlUt:lnU1f11r1'il~1l~'l~TnUnnmtJl~u
.J d 

~ 

I 11] 'j/ 11] "'11] 'j/':: .1 'j/ 'j/ 1 
~

~ 'j/... d I .J 
C)f'l11t1n1l b1'1t1!'H:lJ lb1'U l1i:lJ'Yl !\9lUUu1~nUIJ\9l1tJlb1'U tJl~n"1 b1'U'lIb1'U11:lJnUI1t1f11l Bave C)f'l 

ll~Il~1 ff'uI1t1n1l Brin b1'1:lJ1J t:llltlnUUn'illntlU 1~ t ui''1 1 'H:lJll~~~i''l'U'U1\9l'UU'lb1'lt11 'H:lJfhl\9ln~N 

tlU 11J ncil1~u iuU un b1'\9l 'U U'li''l1ff'U1 'H:lJ~~lfltl\9l nll iu nm'l~'lfiu'U'U'N'H tlllJ ll~iut ub1'\9l'il~ 
" , , " 

iJfl1l:lJ~~lfltl\9l:lJ1nnlli'uu on lff'u1'H:lJn!~\I1n 1 'H:lJnl~tI'llu1J1~1'Ylr1~U 'U'U1\9l'Uu'llff'u~hu 
~ 9Jtq ~ Q,I"I9J " I ~ 9J I d' 

r1UtlnIlN'UU'lIb1'U !'H:lJ'lfUUElf11\9l l\9l1J1~:lJ1W 0.00052 ih b1'1U'lfulUb1'\9lIb1'UHlUr1UtlnIlN 
~ ~. 

>J • • 

1J1~:lJ1W 0.00017 ih ll~lijt1lmtlIJlntllJtllJlff'ult11in:lJ'lfl~'lfiJ\9lflUIff'U 1 'H:lJ~iJ'liJ'Uul\9ltmunll 
u 

>J • 

{fm i'lJ'lJ l'Hirn'UU'lIff'u itl1 li lHl~'Hirnnl-llt1'UU'llIl'H~niJ'Uu1\9lIff'm,hur1u6n~1'1l'l'iltlU 'HUUU 
~ 

• >J 

1\9ltlb1'1:lJ11t:1i'nlt1n'ffl1UUn:lJ111~1 1~tll1~'lII~ 350 - 1,200 

Dormanl during wimer 
(4-10 monlhs) 

A hal dung ,-gg 

• >J 

1 'H:lJniJm1'1ll:lJ1l~tI'liJ'Hmtlfl'U'i~l11unuun 11Pi'\9l1:lJ~mjW~~1.:j"1 l'lfU ~l11U n\9l1:lJ 

~lU1U1'l;1\9l~uiI 1IPi'lliiw'Ulf~Vlnuuml1n 1'\i19l1:lJ1in:lJ'lfl~'1Pi' 1 'H~U 2 f1f.:j~uiI fl'UlfifiJ 
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III 

f11tiJ~1l1'i11tll'\lI'HJtlti'UtitlVlUll~~fl , 'li1'111lli'J'J1l'lfl~'~Yimtlflf'J1'101l ~'Jijf11tiJ~ t 'Ut'\lI'1~O'U 0'1 

~lU'Ufl'illtllmri'Jf11tiJ~ '~lIri Vl'Ull&tJ'U Vl'Ull~'U Vl'UlltllnJ hWVl'Ull&tJ'UU~~Vl'Ull~'U'iI~ij 
quq 'II '11'11 quq 'II 

mlllU~'JUH~'Jfl';i1Vl'U1r~ laJ 'U Ofl'illfl-d'm'il~lU'UflI'111lff'\l0'J1'J 'Yill '~uri vr'Ui~1'J'Yillff 
,"	 . 

d ~ d ~ .-cJ ~ 

'\Ill ~m~o'J ~m~o'J'Ylo'J b1'm~o'JOll'lfll'rl Vl'Ullnij~iJtlllt~tl'Ju~~ij'Jlm~'J fio Vl'Ulln'hH''Jff 
OJ	 'II qJ qJ 'II 

'" ., " '" '\Ill (llWCVll 'iI'U'Yl'Jtf1l9lmtl~. 2541 : 79) 

. 2.2.1	 iJlfJoW'mi"Yiuluif'il'ilUU 

~ltlVl'U li1. Yill 'l 'U1 ('lfldijm'J U,j'J1'111l1l11'1'J~1'U'\I0'JUfli'Yltllffl~l'1fl~Yimtlmh'J t'lf'U 

"	 
~ 

U,j'J1'111l~ l'Ul'Ufl1'J 'l'Um'J~Dflfl'J lt1'\10'JYi'U 0'U'Yill U,j'J 1'1111 ff'\l0'J1'J , Yill U,j'J1'111l'J'l.Hl'J'\I0'J1'J

. "	 
OJ 

, Yi 11 U,j'J1'111l(l'Uf11tiJ~ U~~U,j'J1'111l ~1'Ul'Ufl1'J 'l'Um'J~fl'\lO'J' 'litYill 'l'U 1 11 
" "" .ok

fl1'JU,j'J1'111l~1'U~l'Ufl1'Jt'Um'J~fl''li'l'U 1 11 m'il'il~ 1 fl1'JYi10Yimtlfl1'J C1f'J'ilmlw~ 
r I	 ,j/ 

'\IO'J ~ltlVl 'U II•nijm'J~fl'\lo'J \1 'li,Yi lin1'11'J ti'U ,j'JtlOflo'J'ilml W~'Yll'JVl'U1i•m 'JllnUl'1fll'1 Nti'U 'Jlllfl'J 

~~'iI1fl~fl1'rlUl~~01l~Ul'1m11'Jti'U1'111l~ltlVl'Ull 'l'Ui1'i1'i1'1J''U~11l1'J() 'l ,*t'Ylfll 'U 1~f.h~11l1'1fltl'l 'Um'J 

~fl'\lO'J ''ti,Yill~ltlVl'Ull~~flll~~ 1 flf'J ~lll1'J()~fl'~Yimtlflf'J~'U1'111lmlllI'i'0'Jm'JUI'11h~t~'U• " .	 . 
'\I O'J flU u,j'J 'l 'U 'ilml w~ij fi t1Vl'U 1i m 'J 11 nmj'l'UUI'1~~~1 tlVl'U IIn hitYiijo'Uti'U fi 0 

• OJ • 

!JI • 

1. Monovoltine (wn1J~::: 1 fli'oJ) Vl'Uino~t'UU()t1mmffYi'U11 t6Jf'U lh~t'Ylff'l'U 

Ufltltl1 nJ Yi'Uo'U,Yill'il~lJD1tltll1flil~ltlVl'Ull~'U Yi'Uo'U,YilllPll'lmut~\J' YilllJflWfl1'rl~ UI'1 
'II	 'II 'II U 'II 

1.1) 1.1)10	 9J': j!1.I) tQ,l 

Yi'UO'U mll 11lU'\I'JUH 1~tlm'rll~t'U~fl1'rlmmff'J0'U'If'Umllltll1t~'U mlll'10H lh~1l1W 1,200 ­

1,500 tlll'1'J 
!JI •	 • 

2. Bivoltine (fln1J~::: 2 fli'oJ) Vl'Uino~t'Utt()t1mmffOtl~'U t'lf'U ~'U tY~'U tmYi~ 

Yi'Uo'U, Yillijolmf'Uflil trtmlJ1tllJtntltltitlVl'Ull Monovoltine Yi'UtJ'U 'YillU~'JUH Ul'1t~'U' YilllJ 

flWfl1'rl~Otlflil Monovoltine ~'Jtf'U~'JiJtl1ll111l1~~lltitl Monovoltine tf10 'hn~vr'U£lYill~lJ 
•	 q
 

I j/ . j/ j/
 

fJWfl1'rlt~'UVi~~'U 1'J'Yi1.llJ ff'\l11 m1l1~fflYi11Jt~tl'J t 'UlJ'J~t'Ylfft'\l1'10tl~'U tm~iJtllll~tl'J 'l'U q~ 
~ _I 'I I ~ IlJ I., _I 
'JO'U'UO'JlJ'J~t'Ylff !'Ut'\l1'10tl~'U mllltll1t~'U lYillI'10HlJ'J~1l1W 1,000 - 1,200 tlll'1'J 

!JI.	 " 

3. Ployvoltine (fln1J~:::'I1~1I'Jfli'oJ) ~'U1!1Yilliio~t'Uu()t1mmff~0'U~'U t'lf'U ''Yltl 

"	 " 
ml Yi'Uo'U,YillijmmY'Uflilfl'J 2 ~ltlVl'Ull~1'JI'i''UU~~lJmlllU~'JUH1l1fl 1'Jij'U'U1~t~fl 1'J'YilllJ 

q	 • 

" 
fl'Jff'\l11U~~ffl Yi ~O'J ~11l1J()~ntrl'Ut~'U' Yill '~lJ11l1WUOtl tff'U 'YilllJmllli1'Ut'Jl~ 'J UI'1'i1~ij 

OJ 

tJlllJ1l1l1fl tm~trl'U~ltl-W'Ull~'1i~11l1'J()~1f1~'~mijo'U Monovoltine U~~ Bivoltine.	 . 
hi'Yill~'J'1i~11l1'Jm~t1i'mJ1'1'~ 1'i'0'J t '*l'li'Yilll'1tJtt7o'Ji'JlI mllltll1tff'U' Yi 111'101'JlJ'J~1l1W 
200 - 400 tlll'1'J 
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'tlltJ~Uli1l'/:JJ~1 oM'hHJ\PI'tlll'/fn'j:JJihl'il1JU ~fll'jthffltJ~Un~Vj"l :JJ1 ~'tl:JJtlU l~fl1l1'1~ 
q q q q 

'tIfl~'tl:JJ~\PIH\PI1:JJfl11:JJ~fl.:.lm'j ll'tl:::'tIfl~'tl:JJ~ 1¢i'i''lJml:JJutJ:JJ1Ufll'j~\>llUl'tlltJ~U n fifl 'tIfl~'tl:JJ 
l'U 'U q l'U 

'Ilfl.:.l~Un\1Utl'IJ~un&ilu ~.:.Ifll'j)u:::I1JU Bivoltine flVl.:.11~tJ1tlU l'/1fl~fll'j~'tl:JJ l~milfl~'Ilfl.:.l 
q q u q 

I " '" , 

Monovoltine 1'1i'11tJ1!l.:.11~fll,l1'i'.:.I1l'/:JJ~'IlUl~1mu~u lffU 1l'/:JJ~f111:JJtJ11:JJ1fl~U ll'tl:::!iili~'tl:JJfhl1 
u ~ 

~'IJ\PI1:JJfl.:.lefl~l'/ rt .:.Ifififl flln11'tlltJ~U1r Polyvoltine 1 tJ~'tl:JJtl'IJ'tlltJ~ui Bivoltine uU'tll:JJ1'j tl1¢i' 

~fl~'tl:JJ~~f111:JJtJ111ffUll'/:JJ~fli'.:I ~ 900 - 1,200 1:JJ\PI'j i'.:I~'IlUl~ 1my l'/UflU ll'/:JJll~.:IllH 
~ ~ I ~ 

'tll:JJ1'jtll~tJ.:I l¢l1 iJ 'tlill'V'lfllmf'lfflu:Mu i'.:.I1l'/:JJli1~fll'j)~l'i.:lff'll11l'/1flffll'lilfl.:l 1l€l'111~f111:JJ . , , 
'JI 1 Q.I 31 \I] ..::.1\1] 3I.do 3I.d. 0 ~ ... 1.0::::1 .d. Q.I 

\PIfl.:.l m'j U m'j 'V'l \>ll U 1ll'tl:::l'tllJ m:JJ'YI l ~ 'j) ::::JJfI 11:JJ:JJ
Q.I

U 1.:.1 1'tl.:l l'tlU l'j tJ'IJ'tl:JJ11'tl:JJfl 1:JJ flllJ'j tJ'IJ l'YItJ'lJfl'IJ 
~ 

I I " " 

lffU1l'/:JJulfl~ui~fl~'tl:JJflUl 1~tJ1l'/:JJfh~tJ.:Itlu ll~'tI:::~ui~J:imm.!:::I~U~.:IU 
"" " - wwfiiu 11~1l'/:JJ~unuVlmhiJ'tI:::f1i'.:.I 1l'tl:::Vlfl1¢ll'/mtJfli'.:I\PI'tIfl~1J i'.:I~J:iflllW::: 

fl'tl:JJ ~l'/mtJff liu ffl'l1ilfl\l '1111 lffU tm~fllm:::l~tJ'IJ 
, "" ~ - wu(" hll ~hu1mYI1Ju'V'l1flli1~Vlfl1ffiJ'tI:::f1i'.:I ~uiul'i.:ll~m.!flUll'tl:::i'.:I 

1l'/:JJ~'IlUl~1my 1.:1;1\P1tJ11 ffi'.:.Il~Uff'll11 i'.:I~J:iflllW:::~f1€l'ltJttJ1~ 
QJ tid, 'lI iI 

WUf/fJJiJu 1 ~Vlflflflfllilu~11J'tI:::f1i'.:Il'/1fl'tlfl.:lfli'.:I i'.:I!iiflU '1i'N1my J:iflllW::: 

f1~ltJNfltt1i1'tl.:l i'.:Ifllu~ff'lJ11ll'1ilfl.:l 

. " - wU1i1rw l~Vlfl\PI'tlfl~1J i'.:Il~fl'lJ1.:1 ~~ll1:JJ:JJ1fl J:iflllW:::i'.:IfI~ltJ'jtJfn:::'tl1tJ 
~ 

. " 
.... 0114 "" "" .... ~ "l 142.2.2 'VtUl1 nUJ'fUiUJ.:.Ifl'U ~UnJM ~nu 

1l'/ :JJ~UiifUllifl\l i 'YItJ~.:I~flQl'/'tIltJ~U i¢i'1tJtlU liu ~U iUl.:l 'II11 ~U iUl.:lJl ~U i 
Ul.:lmtJ 11JU~U ff1utl1qj(1Ju~uim1'~t,r~'tI~i1\P11ffU1tJ~1ll~'YIU'YI1U~fll'jfl~l.:1"l 1¢i'~ ll'tl::: 

'JI I I 'JI 

'j:::tJ::: 10 1Jlf'lll:JJ1U 1¢i'1~:JJt11~U n'tlfl~'tl:JJ'j:::l'/11.:1~Un\1Ull'tl:::&ilU:JJ1I~tJ.:I 
<:leu q uq 

" . 
lil'/ ri.:l l~ £1.:1 111 :JJlirllflW'Ilfl.:ltJ 'j :::mf'll'YItJff1U1l'/ WflV'YI Hfllfl\PI:::1Uflfl fll ~tJ.:Ill'/ {1fl 1 ¢Illn 

u . u cu 

, 9J d dQ.l'" .d..oC::lo o'.d. .d. 

'UflUllflU 'jflmfl~ m'j:JJtJ t.!f1'j'jlGJl''tl:JJ1 'tl'jU'YI'j fl'IJmlGJl'lilU l'/Ufl.:lfl1tJ GJl'tJfI:JJ f'I'j'tl:::lflll
q q q cu 

. " 
UfI'j'V'lU:JJ :JJl'I1'tll'jfl1:JJ 'tlfl'tlUfI'j ll'tl:::mwffui ff1UtuillflflU"l ~fll'jl~tJ.:.IhY:JJl'I1liflUtlU l'l1U 

~ d QJ Q.I ,; 'QJ .d. Q.I QJ Q.I..d QJ QJ .c:! 

illflll'lU fl'YI u.:.l111 ~1'Y'lGJl''j'IJ'jW ill fI \PI::: 1U flflfl'YI 'il.:.ll'/1~'j:::tJfl.:.l illfl~:::1U \PIfl'YI 'j).:Il'/1~fllWuU 'IJ 'j ll'tl::: 
~ u • 

, t". " 
illfl1~li.ij.:ll'/1~GJl':JJ'V'l'j U~I~.:I'j):::~fll'jl~tJ.:ItlU:JJ1llifll1JU1U:JJ1U• 

" " 
fn:::'lJ1um'jl~tJ.:.I i l'/:JJ l~ tJfl11 Sericulture 1u1.:1 'j)'j fll'j l'V'll:::l~tJ.:Il'/UflU ll'/:JJll 'tl~.:I~.:I . . " 

ill'V'lli 2.3 1~:JJulfl;rU\PIflUfll'j1H1 ~'Ilfl.:.l~111:JJ'tI.:.I1l'/:JJ l'/J:i.:l'illfl~l~'tlfllm:::ll\PIflflflfl lilu~1• 
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~ fj} t, fj} Q,I,...... ,'"
If'lJfl'lJ\lfHl1fJ~ill1fJllJlf1Jfl'lJfH)'lJ lillfJl'l1I1l11'lJ,::1J1W 35 1'lJ 'I1'lJfl'lJ 'I11Jl\l1tylilllJ1ill illflfJl~ 

11illl~1\l'lJihfl'l1irtl'lJ1::1J1W 10,000 1't1l 'Ufl~lrtflU1fHfiill ~~'~lgtl'1 ~11~lill~fJ1Jl'lJ1l1'lJ~1l:\ltl 

'I1'lJfl'lJ' 'I11J\h''lJ1~1~1Jfffl~i'~ 11fJtl11 i'~' '111J (Cocoon) ~~ij~tl'l!lW::l~'lJ'fJ''I11J~lfiill1l1tl'l1'lJfl'U 
., 

, 'I11JVill'lJriflfJ'Ufl~1 'I1l11flfltl\lltl~fl1J111Jfffl~~fl1J 1'lJ Il~fJ1ti'lJ \llmf1'lJl11'Ufl~~1'11'lJfl'lJ ~-3ir'lJ;~ 

'~flfltl1J11~'lJI'~'lJ1fJ~~ltl1::~illti'lJ~1fJtl11 ''I11J~11fJtl11 lCl1iei'lJ (Sericin) 'Ji1~11l111~fJ~ 2 - 3 1'lJ 

'I1'Ufl'lJ' 'I11Jff11J11f:l~'lJUf'lJ1fJtlfltl1Jl'~fJ11g~ 1 '1Jri' (1.6 fill111Jill1) Ul1::A'fl1J1fl'IJ9i1'Ufl~iJ'lJlfl~ 
, " , .. A QI ... ... 1 ",1 ,1..1 ~ QI " "~1 ~ mi 1VU1~ff1J\l1W 11JVill1'11'UV'lJl\l1qJlill\.l illill() lI'il::llll1fJ'lJff.fll'VUll'lJilltlUill Ul11\l~ illlll'lJU1Jl1~ 

~ d AI' d 'j/ 1 d!'ll QI' '''~!'II ... AI QI\lltl'lJ'lJtl\l::lJl1flfJff11l1::l11[l'Vlffl1J11f:ll1::l11[l lff'lJ [lVll1J'lJ1 ~ '111J '11 llJill11J'lJ I'lJ1 I1W lJl11[l'Ufl~1 ~ . ., ., 
l-noflmll 'tl'tlnU.fllflllon'lllJ1i'n1J'lfl~ nTH-m1Jll~::1~\l1."tN''I11J~~nri111~fl~iJG1::f1i'~ll'hir'lJ 

'1 .! "''' QI QI'" '" .. ~ , • 1" Uill 'lJ tl111Ttl:: m[l~Ul1:: tl11fH'lillillfl~fllfW'l1l1tl1'111tl11Vll~1Vl[l1fl'1ffill 1 1'\11'I11fJ fll\l ff11J11f:lVll '11 

ii~t1l1:: 3 f1f~ (h::fltl~ fJill1Jfl\llfl'l11.2542: 87 - 88) tl111'lJg[l'lJll'lJl1~I'lJil~~ff1J\!1W'Ufl~lf'lJfl'lJ 

''I11J~~llffill~l'lJ.fl1''~ 2.4 

QI/f..J """H 1H1J'Yl1l'f/1'tJlJ'tJ1I'tJ I1J 

'" 
'If 'tJV 'tJ 7'If1JtJrffV,;'J::'f/11 

..I 
Vl1Jl : Hahn, S. 1991 : 20 
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VV1 .,j v12.2.4 fll'j~'lJ'j-:l 't'I'lJUt1~fll'j't'llt-:lf)lmJU 't'I'lJ 

tll'J~1I1 'J 11111 ~11Olt1U'J~ff'Jrll~fl 'l~tll119f19hA'JI~'U I U'J~'U~gfll~'U 11111 (l~mrJ• 
U(l~tifl'U~1 t~'U 11111~~flmU~1flflflfltiNI~'U'J~tiJrJuvh 1~ff11t~'U 111:uenlfl1fi'~lrJ ~1~1I1'J 
II) 11).1'" "" II) d/.,j 'JI .... II) d "" 11).1 0 1'J1 I

l11l11J1fl lufl~~tflfltrl'lll11l1JJlfllOlfl'Ufl'J111t'Jfl'U 111fllOlm'J 11111U'U'J!fl'U lU~~'YIl 11ff11'Ulfl1JflrJ"l 

d/ 'JI 'JI d I 'JI'" .! : d1 'JI 'JI .... II) 'JI ~: II) I 'JI 
fl'Jtff'U'lrJrJlfl tff'U 1rJ'YI ff111flfl(lfl(l'J 'U flfl~ lfl'U 'U 1'YI "IflOlllH 1111110l fl'Jt1J'U'Ulff~mfl lllm~flN 

" "" 
1Y'l'J l~tll'J 1oM'u lm~fi'l 'J~lI~:;;'ih 1~tnfl~ 1111111 lfl~'U 1'U'lf1'Jtll'Jff1111111 

" tll'J~1I1'J 11111 i1l1J1'Jt1uti'J 1fi' 2 "IfUfl IOllll~flllW~tll'J (ltJrJ'UtJ'J1'J 11111 ~11'J 11111~U 1 

" " 
fllrJ1 'U1'J l~tn'U 95 tU fl{t9i1!~ 1'J11111 ~~(ltJrJUl tll'J~1I1 'J 111l1U1J1JijmlJl~f11Jtll'J ff1111111fi'1rJ 

c:: ~ I ~ 9J '9Jcvb] d': cv cld cI
fl111lt'J1ff'JU(l~tJW11illlff'J \"If'U tll'Jff11U1J1JY'l'U1Jl'U UlOltllH 1111111'UlfllrJ1'UH 97 tUmt9f'U1Ol 

cu II CU CU 

111tJlJlflfl111'J 11111~1l~~mil ~'Jm 1J1~ f11Jtll'Jff1111111 Iflmfl~tJ'JiJ(l~lt~'U 111tJtfl~tJ'Jff11U1J1J 

UIOlI'UiJ~ ~loM'tJw11ilm'UtllJff11111111~ff'J t'lf'U 38 - 40 tJ'Jfflt9fm9frJff. ~ ~ 

- m'j~uu1J1Jf-Jhfm'IE/{j t~mfl1-dfll"lf'U~U~1~1I'l11'fi' 95 - 98 tJ'Jfflt9fm9frJff 1-d 

" " 1'J111111~~1I.yj'JH 30 - 60 11!1-vi ~tJlJlUl1UU'lfUlci'U 60 - 70 tJ'Jfflt9f(lt9frJff 'Ul'U 1 - 3 'Ul-vi U~1• 
I iI jI iI 

~'JU11UU'lf-viUl~tJ'U98 - 99 fl'Jfflt9fm9frJff 1~~lIU1'Ul'U 2 - 3 'Ul-vi U~1u~tJrJ1~(ltJrJUl ~1I~tJ1U 

" " " 
'Ul'U 4 - 6 'Ul-vi rltJrJ"l (lfl~W11JJlJ'UtJ'JU1(l'J~'Ui1'J 95 - 96 tJ'Jfflt9fm9frJff u~1.yj'JH1'UU1'Ul'U 

'" 'Ul'YI 

" - m'j~uu1J1Jf-J 1'HUtw U11'J111111 U~lI 1'UU1~tJ'U 98 - 100 fl'Jfflt9f(lt9frJff 'U l'U 

" 30 - 60 l'Ul-vi U~1Ul1J11-d'l1!Ulci'U 50 - 60 tJ'Jfflt9fm9frJff 'Ul'U 1 - 3 'Ul-vi U~1~'Jul1UU'lf1~1l1l• 
'JJ 'JJ iI , 

1'UU1~tJ'U 100 tJ'Jfflt9f(lt9frJff 'Ul'U 4 - 5 'Ul-vi U~1Ul1U1-d1'UU1~'UUflfl1'J'Ul'U 1 - 3 'Ul-vi tl1tJhf 
'JJ jI 'JJ iI 'JJ 

ulCJ1l1l;lllu1'U1'J11111 ~lmr'U~1I1'J111111'UU1~tJ'UUflfl1'J'Ul'U 2 - 3 'Ul-vi IflrJt'YIU1'Jlfl1'J11111 

" . 
111111~1l1l(l'J l~u 11l1tJ 1~mtllfftJtJfl1l1fl1 'J 11111 1'J111l1fil'U1'U ~~ titJ'U~1(l'J iHh1'J 11111~~ 

• , 'JJ jI jI , • 

tU~rJ'Ut~'Uih! lUl'n'J1'J 1flll1'J~~1JtJW11 illJ'UtJ'JUl H-viu'J~1J1W 60 - 70 tJ'Jfflt9fm9frJff 1'Umw-vi . ~ 

1 'J 11111~UllJlff111~'U1 'J 11111~tJ1JU~'J111tJ~'Juflfl H1M'uM''J tatJ'J1l1flff1111111 1~"''U ntJ'U~~~ul 
. " " 

1 'J 111111J1~1I ~tJ'J 1 ~mtllfftJflfl~lfl1'J 1111I tl1tJ1M'1'J111l1flflCJ1l1Ult,r1 Ifl rJU11 U~lI 1 'U UlrtJ'U 90 ­
~ 

100 tJ'Jfflt9f(lt9frJff U'J~1J1ill 5 - 10 'U l-vi t~fl1~mtllfffltJfl'iJlfl1 'J 111l1U~1U11 'J 111111u1-d1'U 

Jlci'U 111tJ(lfltJW11 illJ"''U~ IflrJtlln'nllJ1111tJt~mflt~'U(l'J 1utv7tJ1M'ult,rl1UU'YI'U~mtllff. . ~ . " 
flltJ1'U1'J tll'J~1I1 'J 111l1ntJ'U -vi~~ff111 fltJllltll'J~'Jfl~11,rl'J~'Ut~'U,rtJlI(ll1'U11'U 1'Utll'J~1I1'J 11111 

~ .. 
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'" 

J'Irlr~ 1 'I1:IJUI'l ~:::'lfiJflU~:::ffltlTI'W tiUflJl:IJU\9lnl'll'ltl'W m\ll'1'tI'IiJi'tJ'j:::tI:::nml!~:::tlw '11 f1iJ1 'W f11'J. . ~ 

~IILI~ &~ ...... 0 ~o ~ 
\9l:IJ ~ lJ1Jl'l 9f'l\9ltl'l mfl'tI'YIn'lJ~ flJl:IJ 'lfl 'W1ill'll tI'I H'YIlf11'J\9l:IJ 

v ~ 

f11'J '111 Ii tI'W i''I'l '11 :IJ~I'1':IJln1'1\1:::u 1'~'W 1'11:IJ m:::\lltltltln\lln~1i' '1tJ lr~'W 1 'I1:IJJ'W:IJ1~'1 

l~ tI~ \I:::'I11litl'W i fltl~'1lff'W 'l Cltltln:lJ1\1'W1 f1'1'~'W Itl1 'I1:IJ 1 Iff'W I'ltli''I ~'1 \I::: 1f1'1~'Wi' '11'I1:IJ~TI~ tI:IJ \I::: 
" , " 

'Y11f11'Jff11 ml'l\llnU'W~'1tJli''11'11:IJViI'1':IJ:IJ1U'lil'WtJltlW'I1f1iJiJ'J::::IJ1W 30 - 40 tI'Ifl'll9f~I9ftlff ti'l. ~ 

~ : 'j) ~ 0 'j) ~~ ~ 'j) b] db] 'j) 'j) : d ,Q b] 
tlW'I1 fI:IJ'W1'JtI'Wlnfl1iJ\I:::'YIl 'l 'I1!9f'J9f'W~:::mtl:lJ1n H~ H~'Wlff'W m:IJ'YI ~fl\l:::~fl~'1 fll'WlltJ'W!f1'W ~ iJ \I:::. ~ 

" . 
'Y11 I '11'ff11t11n iJ~:IJ1W tJ 1Yl I ffTItI'Yh:IJ i''11 'I1:IJ U~::: 1~ fl1'JU 'lii''11'11:IJ 1 i'W 1'W fl1'J ff111 '11 :lJl1'W Vi 

OJ 'j) Q,I d 
'11 ~'1\11n\9l:IJH Iff'J \I 

2.2.5 m·HlTJ''M'U 

f11'Jff11 1 'I1:IJ Atl 'll1J1'Wf11'J~'1lff'W 1 'I1:IJtltln\llf1liJtitlni''I i fltllff'W ItI\l1n'l1mtl"l i''1~ 

1'1':IJ 11~1tJ1:1J1ff11\1:::t:lnTI'W l~ hlln~tl1'J1:IJtl'W 1~'Wlff'W 1 'I1:IJ ifltllff'W ItI\I:::TI'Wtl'Wl~'W!f1~tl1'Y11 I'I1'If1fl 
~ 

llff'l f11'Jff111'11:IJ1'WiJ\ll'lJ''W'Cl1:1J1'Jt:ll!1.i'lI~'W2iJ'J:::lfl'Yllmy "1 fltl 
• I 'j/ 'j/ 

iii 7'" '" II) "''I ~ "'... '" ~ 1. mHr1J m:JJ u'J::~um'!J~m'J lfl'JtI'Iff11 m:IJ'YI ~ 'If\l::::IJ'YI'IU1J1JTI'W1Jl'W U1J1J 

" 
lIi'1JiJH ifltll~l!Hfl'WU~:::lllJ1JiJi'1JiJHifltll~:lJtI!\9ltl{ tlWllfliJtJ-II'W'llW:::ff11iJ'J::::IJ1W 60 - 80 

q q q ru . " 
tI'Ifl'119fm9ftlff Iff'W 1 'I1:IJViH~\9l1f1'ff1'W I mYlf1t11Jl1'1'11:IJfl\l::: I ~1~'Wlff'W~'1 I 'Wf11'JH~\9l~11 'I1:IJ 

2. mHr1J 'hf:JJ 7u'J::iufJmrmn'J'J:JJ Ifl~tI'Iff11 1'11:IJ~I ~1~'Wlfl~tI'I~m~l1'Wff1J'tI. 
, , 'j/ 'j/, 

1 f1'un Ifl1t1'1ff11ll1J1J1J'~~h~ hi !l~:::lfl1t1'1ff11U1J1Jfl\9l i 'W1J'~ tlW'I1 f1iJtJ1'lltl'ltJ1Vil 'limiiJ'J::::IJ1w 37. ~ ~ 

II) ",j 'I ~ ~ ~ II) d", '" ~ II) ~ '" '" '" 
f11'Jff11 m:IJIl'ltl m ~fllff'W m:IJ'YI:lJflWfIlTIfl Iff'W m:IJ\I:::\9ltl'lI'Jtl1Jff1t1:IJflJ1:IJ!'I1'Wtl1• 

I 'j/ ,. 

!l~:::f11'J1f11:::~1~ U'll'Wlflff1hlff:IJtlU~:::I~'W1iJ\9l1:IJfl11:IJl'1'tI'If11'J ~'1U'W I 'W'llW:::Viff11I'1'tI'II~:lJi''I 

1 'I1:IJmh'lff~llff:IJtI'YIflU'YI'Wi''11'I1:IJ~ff11IiJtitlni' '1'11:IJfl1iJ l~tli'n'lJ1iJ~:IJ1wi' '11 'I1:IJ1 'I1'fl'l~\9l~tlfl 

nm'lltl'l f11'J ff111 'I1:IJ 'll'Wlfl 'Uti'llff'W 1 'I1:IJ \I:::Um.htlifll~ tln11 ~!i:j tI{ i fltltl1'11 'Wfl\llnflJ1:IJtl111'l tI 

" " 
tJ1'11Un Iff'W1mJ'll'Wlfl 1 ~liJtI{ \I:::UflJ1:IJtl11Iff'WltI 9,000 1:IJ\9l'J UtJ1'11Un 1 ni'li ifltl'll'Wlfl'lltl'l 

Iff'W1 'I1lJ\I:::U\9lnl'll'1tl'WI 'WUI'l ~:::TI'Wti 1'11:IJTI'Wti~nHff:IJ1'l1'1iJ'J:::!'YIfl' \I:::ii'll'Wlfl ifltll'i! ~tliJ'J::::IJ1W. .~ 

2.2 - 2.8 ~!'Utl{ TI'Wli1'Y1t1'f11t11'Y1t1~n~ff:IJ\I:::ii'll'W1fl - 2.1~!'UtI{ fl\9l'J1ifltll'i!~tliJ'J::::IJ1W 1.5. ~ 

fl11:IJ1~ 1 I 'Wf11'J ff111'1'tI'I!'I1:1Jl :::fflJtl1J'lfiJfllfl~ tI'I ff1 1ll~ :::fl11:IJ<Jf1'W1ill'll tI'I ~ff11'W tin \I1nrll 'W 
v ~ 

I ~ '" 0 '" ~ II) .-l 'I ~ Y II) dll) ~ "" ~ ... '" 
'J:::'I111'1f11'Jff11\1:::\9ltl'l:IJf11'J'YI1!f1~tl1Iff'W lTItI ~'I1lff'W :lJfl11:IJm:IJ m:IJ'YI ~fl!f1flllHtlfllf11:::n'W 

!'11 iJ tl1'Y1'W'YI1 'W i fltlfl11:IJ tl11'UtI'I'lf1'1~'Y11!f1~ tl1~!'I1:1J1::: ff:IJ 1~flJ'J ~ln11 10 19f'W~1:IJ\9l'J ff1'11 i'1J 
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IJl 

II) 91 "j",,,, II) 11)91':: 91 cl I aa 0' 
f11n1'11 !lnJ~1mfl1tJ'l\lmi'W1~~'l.HJ\PH1'l'l1m111 \l~ffl1 !'I111 !~mttl''Wl(;lf1 t'lf'W'II'W1~ 20/22 ~t'WV1• 
U(;l~t~'WimU'll'Wl~ 100/120 111tl 1501200 ~t.wV{ 1~£/1;h'Wimu\l~ij~1f11'lJfllI'II'W1~t~'W1'1111 'I11tJ

" " . 
~1f11'lJfllI ~ 1'W 1'W i''l1 'I1m'YitJ i 11'1~t~'W 1 'I111'11'W1~~111IPi'tJ'lf111 ~h'W f111 tl'111 '1111 i 'W1 ~~'lJtf1'l=l~1m 

i 
• 

91", II) i .1 ", "j i 9111) 91 91 II) .1 a a 0'.J 91 
\l~ 'lf1'1 !'I1l1 'Wf111t1'11u1~mw 80 - 85 1'1 t'V'ltJ '11 !~tff'W !'I1l1'11'Wl~u1~mw 150/200 ~t'LW1 CJl''lH 

OJ 

II) 91 a 0 0' ", cl I a"j II) 91 • I'" 
ffl1 !'1111 \l~ ~tJ'lll fI1111 'lfl'W 1illU1~ ff'lJ f111Wt m ~ff '1 tf1~ t11 'W tJ £/l'l m'V'ltJ \l~ !~ffll1 11 t1f11'lJfllI u 1mW" . 
i''11 '1111 i 11'1~'II'W1~t~'W 1 'I111¢l ff~ ltfflltJ trlml1f111 ffl11 '1111 'U1~V~'I1i1'lJl\l~tU~V'Wt~'WiYfllf1il 

I j/, I I 

fff1U1f1 fI11 tU~V'WUlffl1t~tJ i 11'iY'IItJ'lt~'W 1 'I111l1 1~mhfflltJ tn'l=l1'l1mffll1i1t1Yllf111ffl11 '1111 
~ ~ ~ 

1 ~VtJ1\lffl1tWf1ffl1tUi1 tJf1i''l91'W 'W tJmm~91'W i 'W '111 tJffl11111 1~~'l.w 
~ 

- f111ffl1 1 'I1l1tui1 tJ f1'W tJf1'111tJ1 'I111~ 'lJ fltJ 1~ f111 tl'111 '1111 \l1 m ui1tJf1i''l91'W 'W tJf1 

.Jd o'cl cI .t:9 QJ~ ~1IJ ~ 9J
CJl''lllU1~mW 15 - 20 tUtJWtl'Wl'l 'IItJ'ltU(;ltJf1H'Vl'l'l1l1~ l~V'Vl'l !U\l~'WVlIffl11~Vi'lf'V'l1f1ffl1U'lJ'lJ 

.: 91 '" 9J"j _1"'.1 cl1l)9J", 9111) dll)9J a I 91 
'V'l'W 'lJ1'W 'I11tJtJ1\l\l~ffl1~1mm tJ'lffl1U'lJ'lJu1'lJu 1'1 f1 !~ (;l f1'l=lW~tff'W t'I1l1'Vl !~ \l~lI'11'W1~f1tJ'W '111'1•. ~ 

'I1Vl'lJm~~NU(;l~imu t~'W'l~mJltfflltJ ijUlIU'W U(;l~~1'11l1u~U'Wmj~1v t1VW;h 1'11l1ffll1 'I11tJ 
" • OJ 

'JJ:iI 'JJ , 

1 '1111 91'W 'W tJf1 ri1'W i''11 '1111 91U i 'W \l ~ ~f1 tJtJf1 \l1 f1 11'tJ 11 ffl1 U(;l ~U 11 Uffl1fl f1 fI i''1 t~'W 1 'I111l1 1 ~ \l1 
'JJ ,'JJ I 

tui1tJf1i''l91'W i 'W\l~ij'll'Wl~t~mjtJ'W tl:lJt1V'lJt~'Wt'l1 J1''W iYmhfflltJ t1 vm~'W 1 'I111.w ':h1 '1111'11 U'l 'I11tJ.
 
. ~ ~ ~ 

- f111ffl1"1 '11 11 l1ij f111 tl'11~~lP1tlflm1'ltui1tJf1i''l91'W'W tJf1 U(;l~tUi1tJf1i''l91'W i'W 

. ~ ~ 

1 'I111l1 1~tJtJf1mijf111U1~U 'LJ t1'W 'IItJ'ltui1tJf1i''l91'W'WtJf1U(;l~91'W i 'W ~f1'l=lW~t~'W 1 'I1mitJ'W.u'N'I1 Vl'lJ 

U(;l~ij'll'W1~ i myf1 ':h , '1111'11 i1 'l t1 vO';h 1'11l1fftJ'l '111tJ1 '1111 tl'lm111 

f111Yl-1 1 \l 1 'I1W ~'W f111 tI'l1Vlll~'W 1 'I1l1t'YitJu ltJtJf1~1'I1tllV t~'W 1 '1111 ~ffl1 1~\l~lPi'tJ'lij 

f111mtJ i rii 'W1~1'lt'YitJYllt~U1 \l1 'I111~ij'll'W1~t~'W1tJ'lJ1'lmI'l1!1'LH'Vht1'lJ 150 tCJl''W~tllI'l1 tm~ulP1 
~ . 

(;l~ 1 \l 1'11l1f111\l~ijU1'I1'l!f1uJ~mw 100 f1i'1l 1~vi'W1~'I11Nf111mtJfI11 i11't~'W 1 '11 lIl1mtJriltl1U 

II) 9J~ _1 91 ",,,j i a 91 II) "j i9Ji 91 "j . 
m 1'll1t'lJ'W~U'll11'11mlll'l~t'VltJfl1111t1'~~1f1 'Wf111tI'l1VlItff'W !'I1l1t'V'ltJ 'If 'Wf111'VltJHl U(;l~tlltJmtJ .. 

~ 

11 V'lJ~tJVU~1~'lYllf111iJ~'I1f1 1 'I1m1'lfftJ'l.u'1'l U~1Yllf11m-U'lt~'W 1'1111 i'WUIP1(;l~ i\ltJtJm~'W 4 ri1'W 

91 91 91 9J "j II) 'i 91 91 II) ill)"'''' 91 d II) 91 a cl", "j
1 ~v i 'lftff'Wf11V1tJm'V'ltJ !11 mff'W!'I1l1 'W l\lm~\llVtJtJf1'V'l'Wf1'W ~lV'Vlfjf1 !1f11111f111tn'lJ1f1'l=llt'ltJ'W. 

'I11Yi'lV'IItJ'lt~'W 1'111111(;l~ijm 111Vl1'V'ltJt'I1m~ 1~utl'Wtn'W 1 U l'YitJfI1111ff~f11f1 1'W f111't'ltJf1~tJlIU(;l~ 

2.3 iIlIllii,rl'U'Ut),uHU1U''Yi1l 

t~'W 1'I1m~'Wt~'W iv1U1 ~'W~1~\l1f11in lI'lfl~ U(;l~t~'Wt~'W iV1inll'lfl~'lfiJ ~t~V1~t~'Wt~'W 

1£1£111 (Filament) t~'W iv1 11m~'W'V'ltJiltlltJ{~ij lCJf£/l1~1Vf111f11'lJutl'W f111m~1 i'Wf111ff~l'l iv 
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Ci cfo=! ~ d 
'YI1~ IfllJ 'IJ il ~ ~1 'j fImHl ilVfl 'YI1J':i ~'Y1 '6 

"'.1 'JJ 'I II) "" '" '1 .d '" II) .1 'JJ 'JJ II) "" 
il~fllJ'j~nil'lJ'lJil~I~'W~V ~'VilJfl'lJfl~ll~fl~ UflWl'YI 2.5 H mlJ\l~lJ'j~nil'lJWJm~U ~'VilJfl'lJ 

do=! I 'j) b] b] ~ 'j) 'j) ,. -: QJ oJ ~ QJ ~ 'j)

'YI1'jVn111~U ~'VilJ rvJl'lJ'jilu (Fibroin) ~il~I~U'jilV~~ 75 ~flVU1'ViUn 'YIlm~~flnUlI~~lfl~il'lJfl1V . ~ ~ 

m11'VilJ 'Vi1ill1i1VW,h IG)l1Q;U (Sericin) ~ilV~~ 25 lflV'\.J1mrn Uiln\llnU1UI~Ul'VilJ\l~lJl'IJ1JU 
-: Q.I 1 lid rI o=! ~ lid rI ,o=:::t,

ll~~U1lJUilvll'j~mW 0.5 - 1 11l{)'jIG)lU~ ll~~ff1'j~'6'j'jlJ'ln~ll'j~mw 1 - 1.411l{)'jIG)lU~ ll'jmw.. 
~ ~ 

'lJil~m11 'VilJ\l~';Un'lJrrUfll1lJ l'lfU1 'VilJl~V~rrU1f Bombyx mori 'Vi~il Mulberry silk \l~lJm11'l1lJ 

.1 "' d "' 20 - 30 IlJilWlfU~ 

Snl<:;in 

w rL--.'" ""',.-­
I ~J 
~ , :,Yfl\ 

.fI1'W~ 2.5 il~rlll'j~nil'lJ'lJil~I~Ulv1 'VilJ~'lJ 

2.3.1 1'YfitJ1BU (Fibroin) 

1vJ 1'lJ'jflUI~UI~U lv~!1vw,h 1 vJ'lJi'~ 11l'j~u (Fibrous protein) ~~I~U ~l'jll'j~nil'lJ 

11l'j~U ~1l 'j ~ n il'lJ~1Vm flil dnU 'lflJfl ~1~"l nu'j 1lJl~U 'W il~llJ il{ 1l'j ~n il'lJ~1m~hu ~ ~fl i1 V~~1 

I~U'j~liJV'lJ (Crystalline Region) 1l~~ff1U~~flI1V~~111.i11:lU'j~liJV'lJ (Amorphous Region) lflv~ 

ff1U ~ ~fl11V~~11~U'j~liJV'lJl~U~1~lJ'lJ 'YI'Ul'YI1U m 'j ~ \l ~Yil1 'Vi~ 'VilJlnflfl11lJll1UV1 mn'Vi1 ill!ilV 

lflVff1U~~flI1V~~111.iI~Uj~liJV'lJlJH~~ilm'j~flil'IJil~1 'Vi lJ 

lvJl'lJ'jflull'j~nil'lJ1'l1vmflil~iJlu~rllflty il~ 4 ~1~1VnUflil Glycine ll'j~mw 38 

.1 "' d "' .1 .1 "' d "' .1 .1 "' d "' 
IlJilWlfU~ Alanine lJ'j~mw 22 IlJilWlfU~ Serine lJ'j~mw 15 IlJilWlfU~ ll~~ Tyrosine 

.1 • I "' d", ..d "'l co • I • I "' d"'?1 ""'i """j
lJ'j~mw 9 IlJ{)'jIG)lU~ 1l~~~1U'YI1l1~ililnlJ'j~mw 16 IlJmIG)lU~ \l~I1JUmflil~lJ ~U'lfUflilU"l 

o '" '" ••1"''1 'JJ '1 1 co. I"" 'JJ .1 '" 'i 'JJ co ~ 0 'I 'JJ 'JJ 1 co
~1'Vi'j'lJClf~IY'l{)'j ~UI~U V 'VilJ\l~lJlJ'jmWUilVmn'IJUn'lJ tlJmn~'lJl~lflV~' \l~'YI1 ~m~u 'VilJlJfl11lJ• 
II~n~1~\llm~ulv'lJUff~111~11\l~I~UI~ulv 11l'j~ull1ijilunu Idil~\lln 1vJl'lJ'jfluinflH~~l~ 

~1~uHi1nmn lJm'j~flI1V~~1~I~U'j~liJV'lJ Im~~lV1CJfllJl~n~'lJil~'Wil~hll1l1 'YI~~ihf1'Vi,rn• 
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III 

1:tJmf1-;;\ff.:Iij~f1flW~mVVlltll1 tilln'U~ 1V'W'U 1i~ i~ 11l'iH)'U~tt~.:Itt 'i .:I'i~'I11N'I1lifl1{Uflf1c]f-;;\tm~ 
• OJ OJ 

" 
'I1lifl~~1'U;.:I~11~i~1U'i~'Uili-;;\~-;;\lV~1 

OJ 

V1l'n~~ 2.1 tJ~:tJlw'\Jfl.:lm~1fl~:U1'lfiJll~N"l 1'U i~1U'i~'U 

Amino acids Bombyxmori Antheraea pernyi 

Glycine 446.0 265.0 

Alanine 294.0 441.0 

Valine 22.0 7.0 

Leucine 5.3 8.0 

Isoleucine 6.6 -

Serine 121.0 118.0 

Threonine 9.1 1.0 

Aspartic acid 13.0 47.0 

Glutamic acid 10.2 8.0 

Lysine 3.2 1.0 

Arginine 4.7 26.0 

Histidine 1.4 8.0 

Tyrosine 51.7 49.0 

Phenylalanine 6.3 6.0 

Proline 3.6 3.0 

Tryptophan 1.1 1.1 

Methionine 1.0 -

(Cystein)2 2.0 -

" " 2. 1li-;;\~mUl11tt~tnllf11'i1l1leif:tJ'\Jfl.:l~1 ~l 1,rtnllf11'i~fl.:l~1 
OJ 

3. 't'W.:l~1'~~1'Uff1'i-;;\~mV~N 

4. fll'i~fl.:lv11'\Jfl.:l'~1U'i~'Uij'\JflUt'\JfI~lnll~18 fl.:lffltCJ1mt)fvff ~l 1,rijtff''U~l'U 
tJ' ~ J .. I cI -=I: d J cldlid cIQ,r 

ff'UVf1-;;\l.:ltTIlJ'\J'U 16 - 18 tIJB'itCJ1'UfI tt-;;\~:tJ'U1'11'Um .... :tJ'\J'U 30 - 65 ttJB'itCJ1'UfI 
OJ 



•• • 
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'"
 

2.3.2	 &CJJ~~U (Sericin) 

19S~ei1'\.J~fl&il'lHn'jl'1.h~'\.J&'li'\.J&~tJln'\.JH~lil'lHh'\.J~&~tJfY,h Non Fibrous Material ~1~ 
"	 , 

'il1f) , vJl1J'j ~'\.J tJVH 1I If)'t1~{ylJ1J~'Y11~1 fluH~~:rHlmY 'Yi 'lhn'UtJ~19S~ ei1'\.J fltllil'\.J ~TH tJ,y1I lm~ Iil '\.J ~1 

Vfl ll1'lvJ1m ~'\.J 2 1ff''\.J'jTIJn'\.J tJ~fl'l.h ~f)tJ1J'Yi"f)'Y11~lflU'UtJ~19S~ ei1'\.Jlil'\.J llh~'\.J~ um fltJ~:iJl'\.J 

'lfUfl Serine l'\.J'lJjlJ1w{y~lJ1f)tJdl'\.J'lil~'j~w,h~ 16 - 38 l'l..ltJ{I9i'\.J1P11fltJ'iI~Hflf)~1~n'\.J''I..lflll1.. .. .	 ". 
'Yi'\.JtJ'\.J' 'YillH~~~~'\.Jn I'UtJ~1)lf) lCJill1mf)~'UtJ~~tJi'tn~'I..l''Y1~u'l11'Yitrf) 111mf)~1P11fY,h 'vJl1J'j~'\.J ~~ 

" "	 .o'l~ "'''' lI]~'1 oJ} ""., lI]~'" ~ ~ •
'Y11 &'Yil9S'j9S'\.J~~~ltJ Ifl 1'\.J'\.J1JtJ'\.J '\.JtJf)'iI1f)'\.JtJ~{YllJ1'jfl~~~ltJ IflllltJflllflltJ {Yl'j~~mtJ{Y1J {Yl'j.. 

Amino acids Bombyxmori Antheraea pernyi 

Glycine 127.0 149.9 

Alanine 55.1 27.8 

Valine 26.8 11.9 

Leucine 7.2 9.9 

Isoleucine 5.5 8.0 

Serine 319.7 226.3 

Threonine 82.5 149.6 

Aspartic acid 138.4 122.5 

Glutamic acid 58.0 67.4 

Lysine 32.6 14.7 

Arginine 28.6 54.5 

Histidine 13.0 25.0 

Tyrosine 34.0 49.2 

Phenylalanine 4.3 6.0 

Proline 5.7 19.1 

Tryptophan - -

Methionine 0.5 1.3 

(Cystein) 1.4 1.8 
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IJl 

"':J.JV~'lJfN~"1frejf't,/ 
d q .a ..:i .cL=" ..::::to..::::to jI.:::9 Q,I b] I.e! 

1. b1'11 II'IJ'I m'ln'! tl'l'YltJll b1' 'I 'lJW~ 'Yl1J lC)l1C)1'U 'j)~i b1'fi'H tlltJ 1!~~f1111J1J'UI'll 11J1J 

2. I~~~mtl''Ulltl~fitl~tl~fll'Yltl1 tl~CJ11\P1'U ltJ'UeM'U 1l~~1'i1Yh,,~mtlg'U"l ll~ 
>J " 

b1'11J 11t1,,~mt'I ~ 'U tAlI!~~m1,,~mtl'IJtl'lm \PIll ~ ~~1'1 f1111J b1'11J11 tI , 'U f111 ,,~mtJ'l11'IJtl'lIC)l1eM'U 
, • >J 

'j)~Il\PIfi~HfltJ I ",HtJ1~'U n1tl'l'j)lfimm'lb1'~1'1'Yll'11flijViij'H~'lf1t1 ''Uf111~~mtllh I~b1''1 ijfl111J 
. ~ 

," 
~ 

It1'U 1 ~ltitltJ' 'U fin,)fll1 tI'Il'illPll11~~11Jmflml1tI' 'U ijUafl1t11~tlfl'U IPll 'U tlfi '\I1fiUfI111J b1'11J1111''U 

~tlW'H JliJ~lfi11 90 tl'lfYl1C)lmCJ1t1b1' lC)l1eM'U'j)~lflflf11n'W'l1'i1 I~ 1fltl~I~ 
q ~ 

~tl'l' '*b1'111flij ~tlW 'H.fliJ 100 tl'lfYl1C)l"ICJ1t1b1' 'j)~lflflf111"tlfif111mh'lb1'1JtJ1W'IJtl'l I 'H 1Jl~tl Yllf111 
q ~ ~ 

~1Jltl'Unm'Hmtl"l &111J'I ~fJW'HlJiJ 105 tl'lfYl1C)lmCJ1t1b1' Bmlf111~~~1t1'j)~I-ri1J~'U ll~~~ 

tlW'H.fliJ 110 tl'lfYl1C)lmClftlb1' b1'11J11t1~tlfif1111'H1Jtltlfi'\l1mff'U'tlI~1fltl',*nm''Uf111~1J 1 &111J'I 
q ~ 

3. lC)l1eM'U ~~mtll~~''Ub1'11~~mtl'IJtl'lmfllm~f11'1 1'rl11~IC)l1eM'U ,)flltl'U 1 U1~'U 
, >J 

Vi ijl1'1f1111Jltl'Um flll"~f11'1 ~'1ijfl111Jb1'11J11 tI , 'U f111 ,)tJI'i11tl'U lf1~tlfltJb1'11 ,,~m tlmfl 'H'1tlf11'1 

" j,J GJ I d d ..::::to1fltlf111 'l'J1b1'11~~mtlfll'1tltll.!"l 
y 

pH 9.5 - 10 lb1''U Itl'j)~\lfi~tlfitltll'111flI11'YlfJW'I1lJ1J 95 - 100 

2.3.3 i!lJ'lmnl-3nUJfl1'11'Uo-3&tfu1u1'tilJ 

.fl1'rl'IJtllt1~mjW~lfflJ I 'H1J~hUm~lfflJ I 'I11J~~1'Uf111~tlfif11111b1'fl-3 'lJ.fl1'rl~ 2.6 I! b1'fl'l 

, ,rllflJu'l~mjW~'lJtl'l 'til 'I11J~1Jltl'Ulff'U 'tlfi~ ij1uil'1 I~b1'~11b1'1Jm~tl~tlfif111tltlfilla1'j)~ I~ 
~ ~ 

U1 1fiUltl'UlfflJ'm~tl1 l1tJ1J b1'~11b1'1Jtl ll~~ hli'lIlb1''! ijiui1'1.fl1f1l'ifl'IJ11'11tl'UiUb1'11J m ~ tl1J 

'H'1tlim ij'IJlJlfl~l'1"l fl'U 

fI111Jtll1 '" 'l./fI111Jtll1 400 - 1,400 11Jm 

ijfl11'l./1'l11J'U 1J1m~tl" tlfif111I 'I11Jtltlfilla 1 

'" fI111Jl'HlJtl1 ijfl111JmUtl11J1fi~b1'fl fI111JmUtl1'IJtl'l ''H1J~fl~'1U1~1J1W 15 - 25 
q 

" 1 0' d 0' di '::'1
lutl':ilC)llJ\PI 11Jtllutlfi 
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= fJ1l!fl:lJ 

f11l A'U I'1l~tH! l ~ ~:lJ1m ~YlTffl:lJ1l tlA'Ul'1l1~~h tN lIlf)'U'U Hf)~ ffl'U 

f11l A'U I'1l~Ul tlfJfj'u~'V·ltIml H~hh lfl!~ l!"'1'U'U Hf)~ 
" ml:lJ~tI'U	 1'11:lJff1:lJ1ltl'YI'Uflll:lJ~tI'U1~u~ 170 tI~ffl!CJnl!~fJ'ff l'Ul~fJ~nmff'U 

1 'I1:lJ'YI'Uml:lJ~ tI'U 1~~f)il'U'Uff\PrJ 
do I r 0 di 9J I ~ ... .1 tI tIQ,I

flll:lJcil~~1!l'l1~	 :lJfI1ml:lJm~1I1!'V'l1~1.25 C)f~'UtlfJmlHlfJ H-n'lf)C)f H'l~'U'U'ff\9ll 

..; jllIJ = jllIJ d •
 
.fITrf" 2.6 !'ff'U l'I1:lJflUH'l~!'ff'U l'I1:lJ'YIH1'Uf11l'ltlf)f111
 

!~mr'UlI~YllmfJlfJ1'11:lJ !'If'U 'V'llf)mfl~'U1hdh Yll1'11'lfJ1'11:lJ 

!i:I'UiY!'I1iltl~ 1 lY1J'YI'Umfl 1~,rtlfJf)il'U'Uff\9l1!'.'ill~ 1lii}w'U 1i~ 1fill 

" .. 
m'Ul'1l~'I1il~'fflfJleti 1:lJ!'lf)'l i~,:r'Um~t}'t1iiflll:lJ!i:I'Umflll~• 
'ffl:lJ1ltlYllmm~'U lfJ1'I1:lJ 1~ 

fll~	 !~'U lfJ1'11:lJ'ffl:lJntl'YI'U~H1~~f)il'U'UHf)~ ~l~Hri !'If'U lC)ffll1vJ 

~tI'U ffl:lJ1l tl'l~mtl1'I1:lJ 1~ ff1l'l~'llfJ~1~Yll1 'I1'!~'U I'll :lJ!nflf11l 

'VltI~l'1l!'Wll~l:lJ!'lf)'l'UtI~~l~lI~H'YIlm~l11JYll1'I1'l:lJmf)'l'UtI~!~'U 

1'11:lJU1~ffl'U!nflf11l!Wf)lIlf)fl'U lIlf) lf1H'ff~l~'UtI~l:lJ!'lf)'l'UtI~• 
nV'U1'11:lJ~fjfln'U~lfJ'W''U1i~1~ lfll!lI'U 'W''U1i~1t1t1t1iJf) U'l~ HH 

I 
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III 

" 
111'Ulfl'B11C1rl' I'vhu'U ~-:jyh hfrtr'U 1lUJlf1flfll'J131fl'J 1C19f1~~1£J 

, ')J "I' 'I ')J ')J "I ''I ' ?t d
fll-:j llC1~mlJC1'BtJ 1'Yll{1''U mlf'B~ 1'U1:1'l'JC1~Cll£Jfll-:jllJ'UnCll'Ul'U"1 fl 

'j)~t-:jHC1Yil ilfvr'Uli~llhn Y1fi''U'B-:jI~'U 1 'Yllflf1flfll':i 131fl'J 1C1eUllC1~ 
')J "I d 0 '1.d . d <V d 

l{1''U l'Yllffl'j)~t1flYllCll£J 1'U Y11:1'fl ml'llll'U-:jllHllC1~f111lfl-:jllf'Ufl'j)~ 
~ 

C1flC1-:j 

I~'U itJ1 'Yllf\lflYilC11£J~1£J1:1'1'J~ijlflil'BflC1 'B1'J fi''BQ I'If'U l'Yli 'B 1:1'1':i 

"I "I ')J "''''' • .1 ')J <V

l'Yllf Ifl 1lifll'J11'BflflC11£JflUvnfl'U'Ullfl~ 

" ,"
1'l1lfYl'U~m~'B'Jl 'Jl'j)~YilC11tJl~'U 1'l1'll1'U 1:1'fI11~fh'Ull ':i -:jl'vhu'U• 

"I I 0 ')J "I .d 
lllfC1-:j I'llYllCll£JHl l'YllfYl1:1'~'Blfl 

tJHll~-:j 'Bl'j)t1fl~1fllllfC1-:jYilCll£J1~. ~ 

" " itJ1'l1'll hjYl'U~ml1:1' -:j~l 'l1lflYl-:j1~'Ul'U"1 'l1Cll£Jfli'-:j 'j)~YilCll£J 1'l1'll 
, 'j/ 'j/ I 

'jJfll~1fl"hYiYilC11£J~1£J'l1 ~ 'B'U'Ullfl~ n-:jihi1 'B-:j 'j)lfllf1H1:1'~l-:j'U'B-:j 

1 'l1lf l~I~'U'h-:jll'YlllC1~ 1~vflti''U~1tJvr'Uli~ 1f111m'U~I'lf'U l~tJ1ti'U 
<V 0' 

'U'U1:1'19l1 

ry ~ Q.I 'jJ Q.I fI '-=5dltl 'jJ 'jJ r 
tJ'B'lll'Yl'll 'B'U flUfll':i £J'B'll'U 'U 1:1'19l11119l1:1''Y1 lfl 'j)~I'Ulfml 

"I d 0' 
Ifll'JflYl 

IUfffl llC1~ll 119l
 

1Pi1YilC1~ClltJU'UYlj 6 1Pi1YilC1~C11£Ji'Ufll':icMfllllf-:j l~ijHC1Ii1mi'B 1 'l1'll
 

2.4 ~~~~fl0 (Papaya) 

"" ~ '" 0' , ''I 0' ?t "I ')J ')J

'll~C1~fl'Blf'lf'B1Y1£J1ftl1:1'I9l':i11 Carica payapa Linn. 'B~ 1'U1-:jf\' Caricaceae IlJ'U I:lJHC1C1'll~fl 

" 'U'UlflflCll-:j ml'll1:1'-:j'J~Wjl-:j 5 - 20 vJl9l 'ill~'U'BdU\.h lf~C1~flmll'U~')ftJC1fl~ltJ 119l1~1 ilfHC1I~1 
~. ~ 

"" I

ilfHC11~19lC1'Bfll1-:jiJ lfl£Jl11 lltJ'll~C1~flm~'UVt')f'Yi'~ti'B£Jijll'llC1-:j'JUm'U Im~tJC1fl1~~i'U~'Ul111tJ 

, "" 
~ 

ll~~'B-:jltl'U~'U'Yiijfll':i':i~1J1mh~ th '~'l1'-:jlltl~llC1~ijU'UY1jU1I9ltl'lllfl~'B1:1''llfl1'J ijmrl~'U~fl'~• 
U'B£Jw:h 1 Ilfl9l':i 1~'ll'B'Bflfl'Bflld'B'Bl~ 130 - 150 1'U mr-:j'j)lfltJtlfl~1tJllf~flllC1~1:1'llfl'JtI i,rHC1H~19l 

~I ')J , '''''~ '1' d.d '" "I ')J ~ ",. d .d0

3 - 4 lJ til lflflJW'l1l1 ':ifllllfC1-:jYllC11£J 1:1'1lf1':itllflUlfl£J1HC1flU Iflllf'B'Bl£J 3 - 4 Iflfl'U llC1~lflUlfl£J1 
u • 

"I ')J ~ ",. <V ')J' ')J '" "''1' <V '~I
Hmrfl Ifll'll'B'Bl~ 5 - 6 I~W'U'I1C1-:jfl'Bfl1J1'U lf~C1~fl'B 1 19l'U 1:1'llf1'JtI 'YlHC1HC119l 25 - 30 fll C1fl':i'llI9l'BlJ 
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III 

" 11~fl 2,966 fil~fli'lJ9iflH l1Tlnjfl~~flg'J:11';h~0.7 - 2.50 fn~fli'lJ 

~ .,0" ... '" '" 111 ~ 51 151.,0.1 ....:, 1 11 ......
lJ~~~flflm'IJVI~~flfl'U~ 1'IJtJ'J:mfY mfJ 1'n'Jl:::1lJ'lJV1I'IJ lJVllJ\lflfl'IJVl1 '1. 'lJm11'Jfl'IJU~::: 

o 1-'! ~.I 1 0', 1 '1 '... .I... 1 ' .10'lJllJ1 '1IUJ'lJlJ'J: fJ'l1'IJ11 ~lfJtl tll~ lJ:l1:flfl lJ 'l1'n'l1'n'IJ llJfl~\Ifl~ V1fJU~~fl'IJ11J1lJ~fl'IJ1'IJ ~'lJfl~lfJ 

tjIj ... .l... ...' ~o 91 1 ~5I" , ~ jI
llJ'IJ'n'l1'n'IJ llJ fl~\Ifl~ 1 V1fJ lJ :~:flfllJff1'IJVI'lJllJ11 'l1tJ'J: fJ'l1'IJ 1~1J1mflfllJ'rJflff1'IJ V1~VI1~~l'IJ 

lfl'l1'IJ lfll'J V11~~1'IJ fl"ffl11 m 'JlJ 1l~:V11~~1'IJ Iflff'l1m 'JlJ q 

... 
1ll'W" 2.7 lJ:::~:::flfl 

lJ:::~:::flfll~ 'IJ 1 ~~~i~ ijg'IJn11ii,,' 'lJtJ 'J:::mfYufJlJ!fl'IJ\lfl~V11tJflllJi fllU~:::V11tJ flllJ i fll 

fl~l~ t'lJtJ'J:::IVlfYl~flCilfl"0'I-11"'1l~:::Aflff~lifll t 'lJi! Aiff~flml'l1 1513 - 1524 ~ij1J1 1~ 

U'n';11~lfJijijfl 1tJmh~'J1~1~Trt11~fl l"ml1'nl:::tJinw~ijmfllfYm1J1:fflJ tTl11 i'tJtJ'J:::1VlfY1V1fJij 
. " 

fll 'J tJ ~ fllJ:::~::: fl €I 1J1 'IJ1'IJ U""1 ufl1~ ij 11 crfl i 1'IJ-hilJ tJ \l fl';~ ll~ ff,j'fJ ,,, 11 ~ ~,j'IJ ij fll 'J tJ ~ m ~ 'IJ ff1'IJ 

\I'IJ1"'11qJ''lJ11~lfJ~~111~ 1,r'IJ ~~111"'lJm'Jl'l1fYi1J1 'Jl'l1'lJ~ ffljVl'Jfflm l'n'l1'J\!'JW ff'J:'lJi 

Ul1:::'llJ'n'J 

2.4.1 DftltW:"H'W")ftltftUlfli (Botanical Characteristics) 

1. 11ft (Root)
 

'J:tJtJ\lijnlfllJ~'ft:::flij ffllJl'mUU~ijijm~'IJ 2 'l1ii" flij
 

" " . 
- i~1l1lnf)utf1 (Top root) 'J:::tJtJ'Jlfl'l1iiPlij~:'ntJ1n'U\1'l11tJl~fJ~~';1'l 1tJ 

(Dicotyledon) lPltl~1 1tJfll'J ~afl\lij~llJ~" V'IJ~'UU'Jfl\l:::ij'Jlflmfl (Radical root) ~ijflijijfl~lfl 
" d " 

llJ~"riij'IJ 'illm~'tJl 'ilif\ll~'IJ'Jl fl (Primary root) 'Jlfl 1'n'JlJl'J;:h'iliqJl~'IJ'JlmU~1~ij1tJ 

d , d. Q,I Q,I 

- i~llllnf)ll1JJN (Branching root) fllHijflmflq'tlIm'l1'IJ1PlfJ1fl'IJfltJfllHflflUtJtJ 

II'Jfl uPiuVI'IJ ~'JlflU~11 \litMl~'IJ 'Jlm~fJ1~llf 'IJ 1~mh~1~'IJ'iPl m;tJu~m~'lJtJ ~lfJU\I'IJ~\I'IJ1" 
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" J'tq Ie! 9jJd I 'QJ~jJ jJ tq91QJ

lfl~t~hJ~ti'U lPi,m~ 2 - 3 11fl'tl'U!iJ ~fllJW~t'J1'U'U 1I~iJ1lfl!l !'I1t'l1'U{)tlHtfl'U'lfflt'm)~'Uflmmq !fl 

di '" '" , ::
'11 'U ~ tfl{)'U '11 1{):lJlflflll'U 'U 

~ 

2. Y1'U (Stem) 
~ ~ 

1Pi''U1J~~~fltlt~m;/'Uil1ti1{)ci{)'Uu~~{)l'l.nh (Herb and Succulence) hjiiuri'Uflm~ . ~ 
..:9 jJ til 9J .at. ~ 0 jJ jJ 9J I ?I 0 .& "1 ... 1 0 jJ do 

m1J{)'U~'U !1J'J1'Ufl{)'U m~'Ufl~1J fl~l~tlf)tl'U~H'tI{)~{) t1J'Um'J1~tlfl'tl'U !lJ1{)'lJ"l 'tI{)~m~'UlI~1J 

~lfl'U t~'U~tflfl'tl {)~ fl {)f)tt~~ 1'lJ ffl'U :lJlflll ~ i tifl{)tlii~~n'l'U ffl'tl 1 tt~UlffTU tI{)flQm11mtl~l~ {)~ 
g) g) .::'1 ~ .at. i "",jJ. do.at. .at. QJ 

fll'U'tIHlI~tllHU~{)fl:lJltlJ'Um tt~~ ffl1Jl'HU1l1rut~'lJ ~{){)flfl{)flU~~~flH~ flt'l1'U tfltllfl'lJ1J~ ~~fl{) 
u u 

3.1'lJ (Leaves) 

'I d '" 'I' 91 & "" '" '1.1 d' 'd
!'lJ'tI{)~1J~~~fltJ1J~fllJW~!'I1rutt~~f1JHtH 25 - 27 tC)j''U~t1J~1 m1J{)'U !'lJlJl~1JU~1J 

u
 

~ I I • .at. II oj) d9J
 

t'U{){){)'U'U1Jf1Jl 1'U1J~ ~~fltJ lI~~fl{)tlffl'UtI{)fl'tl{)~m~'U 1Jf1l'U1'lJfl~l~tllliJ'j~:lJlW 1 t1J~'j f1l'j. ~ 

tflfl'tl{)~ 1 'lJt~ tI~1Pi1ti'Ut~'U tfl~tll iY'tI{)~n'l'U1'lJ 11~ U~fl~l~ ti'U~ l1JW'U n 1'lJ'tI{)~1J~ ~~ fltltrl tlttrill ~ iiiY• 
m~{)~ l'lJ~l~lIdl~ri{)'U'I11Jwtitl'UffE'lJti'U i iJ~l1Jih,r'lJml1Jt 1I1ru 

q u 

4. ~t)j) (Flowers) 
~ 

do' o::::t. .at. l..::::to.&' Q.I 91 
fl {)fl'tl {)~1J~ ~~ f){)1J{)tI'I1 mtl'J1'U fl f1l'j tf)flfl{)f)t!~ ~~ 'J1'U fl'tl'U {)tlfl'lJffflWHllfl ~{)1Jtt~~ 

~ ~ 

. d' 9J G] des QJ d g) J. 
fI ll1J{)fl1Jff1J'lJ 'j W'tI {)~ ~'U !'W 'tIW~ 'Yl1JflU....~'U l~lfl{)fl 'U {)fl lIlfl'U1J~~~ fl{)'l.Jl~~'U!1J {)fffll.... 

~ 

I r " , 

Ulfl~{)1J! iJ~tI'U UiJ ~~'I1iJfl'tl INfl{)fll1 !flfl;;'U~!iJ~tI'UuiJ~~~l1J1iJ~lt1 't111,r!flfliJru'l1l~{)f1l'j iJ ~fl 
u OJ 

:ll' "" ~ "'lIJ I """ 91 '" & 91 "'" lIJ 91 • d d 
1J~~~fltltlJ'U{)tll~:lJlflmf)tfWlt'l.J'Ufl{)fl'Yl t1Jffl:lJl'jtl~flH~ fl 'I1'j{)t1~U1JlI~~flH~!fl U~H~flll~1J 

'jiJ~ H~ l~ ~fliJ fl~ ;~ ~ 1!~'W 1Pi'{)~iifl ll1J!~llllt~tllti'lJ'J1iJfl'tl'U~fl{)fl U~~f1l'j tiJ~ tI'U u iJ ~~t""ff'tl {)~ 
~ 

fl{)fl1J~ ~~ flmYl'l1 i''lJ1~!il'W U'Ul'Yll~ l'U flUiJi''lJiJ'j ~W'U nu~~ flfl! ~{)fllPi''U~iiEfllJw~~t'vt{)
• q 

iJ'j~ itl'lful'UfluHil~1J~~~f){) fl{)fl1J~~~fltlt!-U~ ifltlmfttlEmJw~'YlH!""ffi~,r~if 
QJ ;j.J QJ 91d 91 QJ d 

1. ~fJn"lJfj (Male flower) : fl{)fl~1~1Jf1l'Ufl{)fltl11~fllJW~'tI{)~fl'Uf)t~fltl11 tt~~ 
. ~ ~ 

. iifl~'lJfl{)ml1Jti'U 11 lfljl'Ufll)f);;'U i iJ ffl'U'tI{)~f1l11JtI11fl{)fl fl{)fliJ'j~fl{)'lJ~1t1fl~'lJt~tI~ 5 fl~'lJ ii 
~ . 

d d QJ..:=t. I d d d d , oCt d QJ 91JC!1. I QJ QJ 

ff!'tItllU~~ff'W~fl{)~'Yljl'UfltJflfl~'lJfl{)fl1Jff'tl11{)~ 5 fl~'lJ 1Jtflff'jYll~~fl{)~ 2 {)'U tl11 1 'U'U tm~ 
~ 

ff'U 1 fl'U 111Jt~'U 10 fl'U ~Hfl~Hfl{)flll~iii'~i,j (Ovary) tgfl"l u~1tiiiiJmmflff'j1Pi1tiitl(Stigma) . 
d'" '" ~9I 91 '" 91 91 .1 I d d ~ d 

'Yl'j'lJW1~~{){)~tf)ff'j Y11~ !fl ~'U ~ 1~'l.Jl~~'U m lllJ'jlfl!lll'l.Jl~'Ylll~1Jfl {)flm~t'Ylm'l.J'U H~ H~ 1l~1J 

d oCt ~ tq I d' 
'tI'Ulflmfl till t1t1ltm~1J m{)f1fl~{) !1Jff1J'lJ'jW 

~ 

2. ~fJniJ6iJ(J (Female flower) : fl{)fllPil!iitliiEfllJW~fl~'lJfl{)fl 1'l1fYUtlflIPi11llfli'~ 

',jfl{)f1l'j~flti'lJjl'Ufl{)fl (Receptacle) fl~'lJfl{)f)tm~tI{)fltf)ff'jlPil~ 'tI'Ulfl'tl'f)~fl{)fll'l1fY 2 - 2 Y2 if1 

-Cll ~ jiG] d d ~ GljJ do 91 
tf)~ lllf)t'l1'U{)jl'Uf1l'U!'lJ (Axils) fl'f)flmllll~1Jfl {)f)tfltl1'11'j{)'11 mtlfl{)fl t'Uf1l'Ufl{)f)tfltll f1l'Ufl'Ufl 
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'" 

" iY'W~fltlVnUfl tlf1 r~ i ~tJ'j~ f1t1U~lt1 5 rn{ltJ'l (Carpel) lI~iY~lf11Vl i~ifl1l1mtltllrJ'W'l'l1~'I11t1 
'U 

m ~tlll~f~ i ~ 'I11t111~ir~lf11Vl i~'iI1f1m~tlll'\JtI~~m ~'l~lnfl1l1f1fl tlf1~11ijtlihtJil~fitl'W ~1~ f1'l1l 
'U 

. 
"'I """"3. wonmg:!'Y10 (Hermaphodrite ): fltlf1m~I'YIti 'I1ll1t1m fltlf111~'l~f1t1'Y111lf1""'j 

" 
~1~ 'I11t11f1""'j~11ijtltlV'l'W~tlf1l~tllnmlm:IW~'tItI~fltlf1ijf1~Ul~tI~ 5 f1~U f1~Ufltlf1ij~m:IW~ 

'U 'U 

" n'W~~ll~lfl'W~~tJmtl 
.c! Q.I t!I Q.I Q.I ~ Q.I jJ jJ d1lJ jJ ~ 1IJ j}Q.J jJ Q,I jJ 

lfl tllf1'W '11 'jtl ~""ll f1U lf1""'j IVl l~'tItI~fl tlf1lVll~U'W 1Vl'W m~I'YI tlf1 !fl '11 'j tltI1l1 !fl 'jU f11'j ~""1l1l1f11Vl'W IVl 1~ 
'U 'U 'U 

'j) Q.I ~ cl1lJ 'j) ~ Q.I.C\ 'j) Q.I 11) I Q,I s'I Q.I .c! 

II'I ~1Vl'W m ~l 'YI tllVl 1 tI'W "l f1 !fl llltl~""llf1'WlVlflll mH !'tI 'iI~'tItIltllVl 11lJ'W ~'l 'lf1'l:lW~'tItI~ ~'l1l'l1 'llt111U U 

ll~ ~h'W ll1f1~f111~1 rJ'W ~'l fiij JtJil~till 
'U 

5. ~m 

.c! , 'j) Q.I Q.I I 

~'l'tl tI~ll~ 'l~f1\,)lltltl'l1 mrfllUU fl lt1f1'WlVll11'lf1'l:l W~'tI tI~fl tlf1 lGJ1'W ~'l f1'l1l ~'ltll 1 ll'l~ 

"
'U . 

ij 'jtJ'YIHm~U tlf1 'W tlf1111 flU ~'lll~'l~f1t1iJ~ ij'j tJ m ~filllVlf1~l~ tI tlf1 i tJflf1lVll11~f1'l:lW~-W'W,r fl 1111 
'U 'U • 

""llU'jW'tltl~~'Wll'l~'tItI~fl tlfl flTllltll1't1t1~ ~'l~ij'tl'UlflllVll~ll~iri'l~ i tJ~~~ij'tl'Ulfll~f1~""fl ;~ll~ 
'U • . " 

~""ll~fllm~f~ i~11l1UJlrJm·m 1I'W~~~'l""f1 1I~n'UnmtJ'j~ll1W 4 l~tI'U ~'lljjtliJ~ i~""f1l1~MtltAl". . 
oJ ct C! 'j): e!d.:'

tll~ 9f~1I~1ltIl~ ""'til lfl'llt1'UlJ ""fl 'Ult11~'tItI~ ll~ 'l~ f1t1'U1I~1l'W lt1t1t1't'nf1tJl1tJ'W (Papain) 

6. [JH1J~il~flB 

. . " 
tll~ll~'l~f1t1 iI'l'1I1mh'W~'l ih~'W lm~ 1u 1l~1I~ijll1f1fi""flfi~'l~Ulfltlll~'l..rtAlt11~• 

')I 1lJ ')1"'1 _ 1 _1 '" d" : '" 'l "" 1lJ" 0 '" & • 'I'- 1 "" 
II'11~ !fltl~lJ'j~ll1W 0.1 llJtI':il9f'WIVl'tltl~'W1'11'Uf1~'l 'WtIl~lI~llltl'W !9fllmmlJ9f~mll1'jtltltltl!lJ'jIVl'W

" 
i ~1l~t)'YI i f11'j VtltI'tI tI~ tIl~ 111 f1~'l fltl'W 11~~ tltlf1';h~'l~llrif1il tll~1l~'l~f1t1t11111Wmh'W tJ'j ~ f1 tlU 

tltIf1i~lrJ'UltI'Wi9f1J5 GJ1Ufl'll1qj"l ~tI tJl1tJ'W (Papain) ifll11tJl1tJ'U 1tI (Chymopapain A) ifll11 

_I _I "" _I "" &, "" ,
lJl1lJ'W U (Chymopapain B) ll'l~ llJUlVllfl"" 1tI (Papaya Peptidase A) 9f~lVltlll1!'jtlf111 Proteinase 

omega ll'l~ i'll9fi9f1J (Lysozyme) ijfll111tl~~1 'YI'Uml11~tI'Wll'l~'YI'U~tI"".fll'Wmfli~~ ""1t1 

-W'W ,rll~'l~f1t1~ ""1ll1'jtl ~~IVlJlt11~""fli~""~~ tI ""lt1fl'U,r~ltJlf11 1l'l~tl'tlf1f11
• 'U. 

2.5 'IhnJu (Papain) 
" . 

tJl1tJ'WlrJ'U""utA lVtltlfi ~~1Vl1l1f1t11~ll~ 'l~f1t1 ij""ll-U~'l'W f11'j&lhtlVtltll tJ'j~'U (Intracellular 
. iI I I 

Proteolytic Enzyme) ""l'jGJ1i1fliA~UtlV''U tll~ ll~ 'l~f1t1't1t1~ 'YIf1ffl'W'tItI~ ~'U ffl'U fi~u ll1f1fi ""fl ~~tI . cu q q 

'l'U~'l~1J 
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'"
 

'lhttJ'Wl~'Wltl'WlG)j'1f~umJ1tJl~'WtJl~I.fl'YI Sulfhydryl proteases tl~l'Jtitl 1~'Wltl'W lG)j'1f~ 

(-SH) 'I1ltl Thiol group (-SH) :tJ'lJ'YI'lJ1'Y1fflf1t1!~t1 ActIve sIte 'j)~\lt1!lb1't1 ACtIVIty l:tJtI Sulfhydryl 

" 
umHHntlvr'Wlj~ltJtJl'YI~'tItlCJ 1tJl~'Ullr:l~\ltlU'lJU.:l hw Sulfhydryl reagent 'I1~t1 Sulfhydryl group 

, 
~ d oQ.l' d .. ~ 

group l'lJ~t1'WlltJr:l.:l tJl1'1J'W'lh~tltl'lJitJ~'";1tI Single Polypeptide Chain ~'lJ1lJW Active site 'j)dj 

'11~ Sulfhydryl, Carboxyl l"j~t1 Histidryl (Cys, His, Asp) b1'1:tJ1lf:l'V'l'lJtJlltJ'Wi~l'WtI1CJ:tJ~r:l~tltl 
" . 

tJl~ll1W 8 ItJtI{I~'W\9' IW~ l:U'V'l'lJtJlltJ'W1mmfftl Itl'W i G)j'1f~'"J'uiifl'"n:tJ 11~t1tlllltJ~ t1'WlltJr:l.:l• 
f111:tJ1~'l-im~-~l.:1~ pH tJl ~:tJ1W 4 Jlt11.:1'j)ltl~'Wfltl'Wllr:l~~'WI'V'lff~~1'j)1t1!1~:tJ~1l~1'j)~iitJlltJ'W 

:tJltl q'YIitlllum.lltJl~'W'j)ltltll.:1't1t1.:1~'U~ii 21'V'lff 'j)~,rtltltlilt11.:1'j)ltl~'WI'V'lffliiti 

In tllllltltlfff1~tJll'lJ'Wffl:tJ1ltlm~.yjl1~'I1mtlln tllll~'lJtlH1'WtlW 'I1.fliJl'tl~lijtl.:l~t1'W
• OJ 

1~'WlJm 2 - 24 &11:tJ.:I 1~t111:Ul~.yjl1lftl1.:111lf.:l'j)~.yjl1lfq'YIitJlltJ'Wr:l~r:l.:l~.:I 20 ItJtI{I~'W\9i' tllll&l:tJ 
~ " 

EDTA llr:l~/'I1~t1 NaHS03 'j)~'lhtliJtI.:If1'Wtlll\lt1!lfftlq'YIii'tltl.:ltlH l~ d1'Wltliitllltl.:l'l!'W'j)~.yjl1lftln 

~'lJlrl 'W ~t1'U II~.:I'tI t1.:1t11CJln~ I ~,*lr:l.:lll~ lllf.:Il~1~'W llr:l ~q'YI i'tltl.:lthltJ'W r:l~r:l.:ll~ t1.:1:tJ 1'j) ltltlll 
. " 

ItJ~ t1'WlltJ r:l.:lml:tJI~'W m ~ -~ l.:1't1t1.:1t11t1H 

2. tl1~Nr:l:tJ~r:l::;tltl~1t1ii~ffll~'Wmff'l1~t1'V'lmff&ltl~f1:tJ l:Ufl1l 'j)~ 1,*1r:l'l1~ ~.yjl~1t1 
d ~ Q.I d ~ '~';' d. d ~ ~ I d ~t:! .4::::u:::! d j} ~ d

l'I1r:ltl'l1ltlff.:ltl~ff l'V'ltl'j)~ l~ tl1.:1'Y1't11111r:l~:tJtJl~ff'YIlim'V'l1 'WtllltltltlltJl~'Wi~~ 1lim~1'I1ll:tJm ~ 

'j)1 tl~l'W l11't1 t1.:1 Nr:l '11 ~t1 d1'W ~~~t1~f1'lJ~1'W Nr:lr:l .:I:tJ1~1:tJtll1'j)'W ~.:Id1'W tJr:l lt1 Nr:l tl1~ llfiitltJ l~:tJ lW 

" 
1/8 ih 

. " 
5. lijm1'lJl1:tJtll.:1:tJ~r:l~tltl'j)ltltllm1~1l~r:l~f1i'.:I'tItI.:I'I1mtl"lNr:l lm'lJt111tJmtl.:ll'W 

I I "" r 
~ Q.I dlr] I ~ Q.I 13/'i '"9J 

~~lltlH'tI'W1~ 50 Mesh sieve· l'V'ltl'j)~'I11lff~1~Q'YIl:tJ~t1.:1tlntltltlm 'j)ltl'W'W 'll' l'V'lll~b1'lG)j't1:tJ 

1:tJ~1 i'lJir:livhl (Potassium metabisulphite) Nff:tJr:l.:lltJf1'lJlflt11.:11mj~ll 50 iJr:liltli':tJ~mflt11.:1 
." " 

100 tli':tJ 1~t1iJtI.:If1'Wt11[J1.:1lfftlll~1f1'W llfl,rlf1'W 'j)ltl'l!'W~l'YIlrim~t1~r:liJI'Utl:tJ~l:tJll~~1~'j)'W 
'II 
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m~ ~~Jl'j~mu'lJ i ~111 tifllll9llJlllJ'U~iJ~n£jW~11l'Uln~~iY'Ul1 11l9llrlmhll'UfJl9ltYl11mnJ'lmy"l 

'fI1'j~1JU1U1~fl1Ji'UI'fl~fl~mJ'fI11lJ~fl'UtYUJUJlf11ff'l'UflWl1fl1J 50 - 55 fl~ffllc)H'1l9fUtY 'iI'Un11 
CI U U CI <u 

~ ~ 

U1U1~ 'iI~1l ~~11l'Ulf1~~iY'Ul1n~l1lJ~ 1~U'li~fl~19l1f1l1~~ 
Q.J t dod.c1 t 9J.c1 'J} 'J} 

6. 11'i'l~'illn'U'Ulf1U'Ulln'i'l~tY'Ul1'Y1~l1lJ~1J~ IW1mfl~~1UI9l~llnH'U'Ul~i m'1~lflU~ 10 

dt lIJ~ '" '" ~<2"'lIJ~'l <> '" ~='l"I'"Mesh sieve I'VW'il~ !~~'i'ltY9J11'i'l~lflU~ 'illn'U'U'iI~lf11J!1 'UtJ~'V'lmtYl9ln l1'jfltJ~~'lJf1ltY'j'illlmlJ~ . ~ ~ 

lJlnii~'l~tYu'YI In1J'l'Ufhv'U!I'i'l~ll~~ 1iU'iI~'f1'lJlllJ'U~flU'i'l~ 0.25 l~uulmrn'Ufl~lJ~'i'l~nfl l~u 

'fIWm'V'l'Ufl~JlriflulJlllJl.A~?)'fI1'jlJ'j~nfl1Jf1'1ulJlllJ'U 30 IlJfl11~ml15 ­• 

• 
2.5.2 fl1'df.liiI9l1hnhnJ~q't1fi 

d' I , jJ 

f11'j~ill9llJlllJ'U1J1tY'YIn l~fl i ~'fIWm'V'l'Ufl~lJlllJ'U?)£)~~'U tYlm'jtl'Yll 'f1'l~uf11'jlwn 
: ~ 'J} 1 ~d. d. I .... 1 'JJ tI 

lJlllJ'Uflfln 'illn'U1U1~tY~11'j DU1~lll1~ ~U1li'YI1~I'fllJ 1'Jj''U f11'jl9lnl9l~nfl'UlJlllJ'U~1mlfl'i'lnfl ~fl'i'l 

llfllJ llJluulJimvJl9l l1~mn'jlJ'j~nfl1Jg'U"l i'Um1~~mm~tYlJ 19l1lJlflntYl'ji1'Y1n1JI9l'j'Ufl~ 

tY111~flllJ~f11 W'U~ 3011,952 3,210,257 ll'i'l~ 1,078,8381~uiJ1i~~lUll'i'l~tY~~1n'l'Uf11'jlJii1J~3 

o : d 'JJ ~ 9Jd ~ ~ ~ Q.1 Q.1 Q.1i i 'jJ:
1. 'Ul'U1U1~tY~ 1l1n~'i'llJ~'i'l~nflmln1Jm~'fI'U 'UI9lW'U 1 'fI'U l'V'lflm 11'U1U1~'il1J19l1n'U 

OJ 

11l'U ti'fl'U ll'ii'1'111mn1'U tl1JlDliYlmlfl'i'lnfl ~flrl' (95%) 3 1J'i'liln1lJl9ltlf11:JJ mfl~flril~I~1f1'1m'fl~fl~ 
'j/ ': e::1 t 'JJ oC::\ tI 'j/ oC::\l dt b] I tI 

mfl~tYUJUJlf11ff
Q. U U 

m~l9l~nm)C)j'lfln'flH~1mfl'YI'i'lllfl'i'lnfl~fl'i'l19l1lJ~1Ufl~C)j' 19l'U l'V'lfl !mlfl'i'lnfl~fl'i'l 

jJ 'j/ I I , 

ll'ii'1'111 'lJl~lJUl 1 : 5 u11111nl9lfllJ~ml9l'j ~l'Ul.u'll'fl~fl~mlU~llUf1lml9l~nfl'Uflfln 'Ufl~m'i'l1n'f1' 

Ul'lJ'i'l~fJWl1iJm~l'yhtl1J 15 fl~ffllC)j''i'lI9fUtY l~lJllfl'i'lnfl~flrl' 4 l'til'Ufl~lJ~mw tYl'j'i'l~mU 
~ dt d • lIJ_1 i ~ ~ 'I ~ <>'"0 0 

19l~nfl'U'iI~l9lnflflnmIWnl9l~nfl'U~1mmfl~m1U~nfl'U'Ul tlJ'YIl mm~ !'Ul9ltl1Jll1J1JtYUJUJlf11ff 1li 
cu q u u
 

'j/ d' 'j/ , 'j/
 

U 'iI~ 'f1'lJlllJ'U1J~tY'YIn~flU'i'l~ 75 1~u'I1111tTn'Ufl~lJlllJ'Ul~lJ~'U1119lti'1i ,*'I11U1~1l~~'illn~'i'llJ~'i'l~nfl• 
lIJ ~.I.I <> "f~ 

'iI~ !~lJlllJ'U1J'j'il'YIli'jflU'i'l~ 60 
~ 

3. U1U1U1~tY~ 1l1n~'i'llJ~'i'l~nfl~1J 2.5 ff1'Uml~lJllfllJllJlUUlJi'i'llvJl9l 1 ff1'U n1'U 

" ~ 
ff1'U ~tYlJ'iI'U11l'U'Ufl~m'i'l1 1Pl~Y1~ Hi~l9lnl9l~ntl'U mfl~lwnl9l~nfl'Umyhi ~ll ~~l1m~"l Ull9l~ntl'U 

'j/ 'j/ 'j/ I I 

U'i'l~mUi'U'I11lJ'j~mW 1 : 10 'I1111tTn~fllJ~ml9l'j Iw~i,*I'fl~fl~mlU~IWf1lm'UtI~m'i'l1In1J'i'1l'ii'1 
_I'" i'JJ"I'JJ .c:s J 'JJ db]'JJooC::\ d ~"J'JJ oC::\ 

mlJ'j1J 11!~ pH 9 'iI~lJl9l~nfl'Ulf1~'U'Umn'UflU mfl~IWnl9l~nfl'U'YI~! 1 'Ufl~111'i'l1'Y1 !~'U1mll9llJ 
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III 

2.5.3 fl'il'flfln'fh~lU'U8~'I.hn.Ju 

fl~ lfl1'Uf1l':il'h~1 W'lJil'l'lhl'lJ'U t~£Jflil "Thiol - imidazole system" l~t1'i1~t~'Uf1l':i 

Y11'l1'Ui 1:lJn'U'lJil'lm~il~iJl1!~b'l'tl9lfl'U~~ht11'iJ'I~ 25 (Cys-25) n'IJm~il~iJl'U ~'ff~~'U~I"httYl'iJ'I 

~ 159 (His-159) ~'1ih~t1~Ml'l':i~Wjl'lYllii~hl~~~'lJil'l Cys-25 n'IJYllifliJ~llClf~'lJil'l His-159 
~ ~ 

---­- B: 

ROH 

o 

II . 
C-R 

I 
S 

1. Acylation 

;-., 
B:-H i 

HD-C--R' --

2. Deacylation 

'illflml'l~ 2.8 'ffl:lJl':ifliln'lJltlfl~ lflf1l':iYll'll'U'lJil'ltiJ'UlClf1J'lJlt'lJ'U l~ flil 'lJlt'lJ'U'iI~ij 

mji~hJ~~~ (-SH) tt~~YllifliJ~llClf~l'U'IJ~m:ud'l 1~t11,r B: t~'UYilifliJ~11Clf~;'1'i1~Y11mj'1~ 
~ ~ ~ 

t~'U General base YllifliJ~11Clf~ (B:) 'iI~~'1leJl~':it'il'Uflilil'U (H+) 'lJil'lYllii~hl~~~ijfomYll1,r S 
~ ~ 

1'UYI~i~ l'rl~~m~l~'IJn'IJYI~rll{'IJilii~'lJil'lffmnml9l l~~1t1tt~~':i1~t~1 tn~t~'U Enzyme­

" 
substrate complex (ES complex) 'illfl,r'U'iI~tn~f1l':iYl~~'lJil'lil'41,J~R (R-OH) ililfl:lJl tt~~'iI~ 

o " " 
t11~ilflmh'Ut~'U Acyl-enzyme 1'U l 'lJ'lJil'l Thiol esteQE-S-C-R) 'li'Ul9lil'Uijt~t1flil "Acylation" 

l'imn Thiol ester 'iI~t~l~flU Deacylation l~t1Y1~~)iJ~llClf~ (B:) ~'1Y1lY1ti'l~t~'Ut'IJ'ff'il~tttlfl 
" " leIl~':it'il'Uflm)'U (H+) 'illfl1:lJt~fJ~'lJil'l'lhYll1M'ieI~':iilfl lClf~flilil'U (OH) 'lJil'lt11'il~t~1~'IJn'IJYI~ 

rll{'IJilii~ 1'U Acyl-enzyme Y111,rtn~f1l'jYl~~'lJil'lYl~ Acyl flil R-COOH -ff1'UtiJ'U1Clf1J (E-SH) 

'iI~fl~'IJfl'U-ff'ffml'l'lJfl~ 
~ 



• • 

• • 

• • 

25 

IJI 

2.5.4 tflltWl'UtFH6U'culhJmJu 

1. f111:JJlflUtl':ifl-'fiN~Il1:lJ1~'(j:lHhrl'rUtl1':iYillJBmtllll~1J~1':i~'l1'h:j 6 -7.5 

2. 'Q ru'l1 JJiJ~ 1l1:lJ1 t: '(j:JJ1u tl1 ':i Yi 1tl Bi'ljt1l'lh ~ :lJ1 ru 60 - 80 eJ 'J flW)HW~ tI '(j 

3. f111:JJ~1Ivn~~rr1\Oltl~U thltlUll~1~lfl':il~~1\Oltl~U~1J L-arginine, L- lysine, L-

citrulline tm::; Glycine ~lt1tl':i~iY'Vl1jm'V'lt'vhn'W u~tl':i~~u1nl'W Arginyl tm~ Lysyl residue 

"I	 '0 ~ ')I "j "I.." "'" d",
!:JJ1l1IU'W\OleJ'Jt']j'eJ:JJ Active site 'lJeJ'JteJU !C)$:JJ t'V'l':il~1\OlQflU'Vl:JJ Glycyl u~~ L-citrullyl residues 

m:lJ1':im~eJ:JJ Active site 1~ovl'Jutl'Wu~~'V'leJ~mJmh 
'U 

&::l 0011 'jJ QI.::::l " 
4.	 Sulfhydryl group :JJU'Vl1Jl'Vlmflty\OleJ Active site fl1m'l1~H~fl'J'W 

- ~tytiYtI Activity trleJ'I1~CJ1~ hlfl~~ttl~t1'Wutl~'J 

- Acyl - enzyme intennediate tfl'W Thio ester \Ol':i11l'(jeJul¢1'lfltl Spectrophotometry 

ttTeJ'J1l1f1teJ'W lC)$1J1J SH 

2.5.4 'lh~ lu'lf'l1'U6,nh!uu 

1.	 eJ\Ol m'\1 tl':i ':i:JJ eJl'111':i tl':i~i1eJ'J 1H'J1U eJ\Ol'(j1'l1f1':i ':i:JJeJ1'111':itl':i~i1eJ'JiJtI:JJ l~ tllttl'W 
~	 I ~ , 

tflmhu H'(j:JJ1UeJl'111':i'V'l1f1t 'dmrieJ1"rt'dml:JJ t'deJ'J 1l1ntllttl'W llitfl'WYi£/~eJ~l'Jtl1t1mjjeJu'(jl':i m1J• 
"j '')1'1')1'1'" ')1'1' ""'''I O'l')l.J',~~~ 
eJ'W'1 U\Ol\OleJ'J I']j' 1'W'(jfl'(j1U'V'lell1:lJ1~fll 1'(j:lJ1f1tn'W !tlll~'Vll mt'WeJ~mtl'W']j''Wt~n'1 

2. l'W~\Olm'l1tl':i':i:JJHi"l\Ol.nru~tiitl{ l1u lm~lf1teJ'J~:JJ~'W""l lfltltllltl'W1l~Yi1'l1Ul~ 

~~~ltll tl ':i~U1U Hi"l\Ol.nru~ U~~ l"r'(jl':i~~mtll'(jlli~'WlrleJlnu I ~'W1U'I1~eJ~eJru '11 fliJ~l 
•	 • 'U .	 " 

3. eJlPl'(j1'l1tl':i':i:JJlf1~eJ'JmJ'JlfltlH'(j:JJtllltlU1'W 11 ltlluGJimJ'Jll~yh1"r'\1,:r'Jlj t1U u~~tl:JJ 

4. eJ \Ol '(j1'l1 tl':i ':i:JJ Yi 1til iYYl U• 
5. ~\Ol'(j1'l1tl':i':i:JJ'lJu:JJih'W:JJ l'WtI 'I1:lJ1mJ~'J 

6.	 'Q1Pl'(j1'l1tl':i':i:JJ [J1U~~ l~tl':i~ lt1']j'u'YI1'Jtl1':iU'V'l'VlV lfltll~lflm}'Jt1tl':i~neJU'lJeJ'JtIlGJi1t1 
"	 " . 

VeJtleJ1'111':i 'W eJn1l1nU iJ'JGJirJtli'mn'V'l1f1tlH~&1flltj1eJ lUeJ'J 1l1ntllltl'W1J'(j:JJ'U'&11"rl~eJ~U~'J~1 u~~ 

'(jl:lJ1':ifl1~CJll'V'ltll1jl 'W"lIff 

7. t1\Ol'(j1'l1tl':i':i:JJYillf1ttl'JffTtIl'J H'(j:JJtllltl'W l'Wtfl~ eJ'JffleJ1'JGJi1t1~U':itltl~1 llflfil'J~lU'W 
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2.6	 fll"H1Bililn'11lJ 

~"1.h :::: ff ~ fl'II fl~ tlTH'l fl tl tlll I'll tl!v7(rvhi ,rl '11 tl ihnJ'u~~~'U m m::::Uti tll ':i 'VI fl tll ':i ~fl tl 
q 

d ~ ~.<:::ll	 9J i 9J~J ~ e: , ~ 9J i IIJ 
ui:'l::::d]'Utll':i !~mh:::: ff'VIli.fl1H i 'Utll':i'VIfltll':i tlfltl 'I1"'IJ'U 'VI~'U!~':il::::1lli'j'jtl'lflll'IJ fl~!ff'U tI mtl 

!rl'U~ltlfflnh::::tlm/hh~1~~~lh::::tlfl'U~lmC)f~9f'UUi:'l::::1vfhJ':ifl'U 'I 'UVll':ilffl'U'l.h::::mW 30: 70 

" 
i 'Utll':i ffl1!ff''U itl1 '11 tlflfltl~ltlf ~ 1'I1mJ~ mw 'IJfl~!C)f~9f'U~::::tltltll1i'''flfltll'lhj'l~1"mhrfl'U Ui:'l:::: 

'" "	 . 
tll':i 11 tlu1i ~ ~ltlffl':i !flii~'lfltltll1i',,!C)f~ 9f'U flfl mlm~'U I'll tlfltl m ::::'Ul'U tll':i iJ~:::: ~fl ~ tltlm:::: Vi l!~fl 

'" " .	 " 
i,r1'11 tliiffmj~~~'Uui:'l::::mm::::Yi~::::'I11 1 U'VIflUi:'l::::~fltl1ifl 1 U m::::'Ul'Utll':itll1i'''!C)f~9f'Uih~ tltl':h 

.k i'JI '" I i'JI i o~ I ~ Degumming Process C)f~tll'j 'lfff1':i!fltl~ltlm"Ui:'l::::"l~~:::: m,m 'Utll':itll~"Ulltl1l1~tl'U 

i'Uil~~1J'Utll':ii:'lfltltllliitll':i i:'lfltltlll1 'I1tlu'U'U 'IoMff'U U'U'U 'I oM!tli\fl~l~ Ui:'l::::U'U'UHfftl i oM 
q	 '" 

ff'UUi:'l::::!tli\fl~l~ ff1':i~ioMi1J tll':ii:'lfltltlll !'If'U 1 C)f!~tltlfl11'Ufl!'U1l 1C)f!~tltl 1~ 1,,':i!~'Ufl11'Ufl!'U1l 
'" 

1 C)f!~ tltl 9fi\!tl1l 1 C)f!~ tluwmnWll 1"tlfll fftlfllltlUlltl1i l~'IJfl~fllltlfflm':i tl i 'U tll':i i:'l ::::mtl':i:::: 'I1':h~ 

!C)f~9f'UUi:'l:::: 1w1'U':ifl'U 

'II , 

2.6.1 ill'H1Bilflll"lfJtl\l 

" ~tl!ff''U 1 'I1tl~'Ui:'l~ lmho'U 40 fl~ffl!C)fm9ftlff !rl'Unm 30 'UlYi !C)f~9f'U~::::flfl'U~l U~l 
q	 q 

!'fitlflW'I1.fllJmtltlll 90 fl~nl!C)fm9ftlff 1"tI'loMff1':ii:'l::::mtlff'U 15 - 20 %owf (30 - 50 !'vil'IJfl~ 
q '"	 '""	 . 

111mrtl1'I1tl~'U) !rl'Unm 1 - 2 i'l1tl~ ti~::::i:'lflmC)f~9f'Uflflmfifl'U'I1tl"Ui:'l::::'I11mlltlu1i~tll':ii:'lfltl 

tlllfltl 1"tlioMff'Ui'l1:U 10 - 15 %owf flW'I1.fl1Jmtltlll 90 fl~ffl!C)fm9ftlff !rl'Unm 1 il1m 
'"	 q '" 

QI	 9J 0 9J cv" do. ~ do 9J 
'I1i:'l~~lmWtlff1':ii:'l::::mtlflflm!m'Ulmm~ 2 - 3 flH 'VIflW'I1.fltl 40 - 50 fl~ffl!C)fmC)ftlff "ltl 0.1 

o'd 0' 1 cv9J 9J:d q 

~ 
'" 

C).:~ ~ 
nJm !C)f'U11'11 fl~ ff1':i i:'l::::mtl C)f" lC)ftlH1Ui:'l:::: i:'l l~'Ulfltl'l1mtlfl'j ~ tll':ifll'UfltlflW'I1.fltl'U 1!lJ'U!':i fl~ 

q q	 '" 

~hflUl m':il::::llO'lflW'I1.fllJ~ltlll 18 fl~ffl!C)fm9ftlff flW.fl1~tll':i~l~~::::i:'l"i:'l~ tl1':ii:'lfltltlll~~ ioM u q cu	 <a 

ff'UiiflW.fl1~~~:::: i ,r!ff''U1 'I1tl ~!~l~ltlUi:'l::::!~ tI'Uffltl u1itl1':i i:'lfltltlll~ltlff'UVil i ,r!n"tll':ii:'lfltltlll~ 
'U q <u . 

I 'JI I <j/ 

l:umhH1'tlfl~lmm::::!n"tll':i 'I1tlfl~flih v'U!n"~ltl 1fli:'lff'Uyhn"~ltlUflll lflflfl'U (Cation) i 'U'I11'" . 

!'If'U Uflm9ftltl Utltlih9ftltl lIfl::::m~tl u~lVili,r!n"tll':i~fltlff~1~1~~1t1tll':i'IJ1i'''ff'U~ltltlli~l~Vil 
'" 

"l9J .& 0 9J4 d ~ d : do

~"tlltl ~~'YI1i mtlflffm i:'lfl~ l!i:'l::::tlilty'l11tli:'l.fl11::::'UlH1'tI 

'II 'i'" • 
2.6.2 ill''.ii:lBilflll''lfJ 1C)f&V1fJlJfI1~'lJB&'UVI 

o 'JI '1 'JI 'JI . & 1 '" 0'	 '" 
'Ul!ff'U 'I1tlmlltlHtltltlllflltlff1':ii:'l::::i:'llt1'IJfl~Hi:'ltl C)f!fltltlfl1':i'Ufl!'Ull 10 - 12 %owf'l1':ifl 

1C)f!~tltl'1~1fl':i!~'Ufl11'Ufl!'U\9l 12 - 15 %owf ~flW'I1.fllJff~tlll 90 fl~ffl!C)fm9fm,. !rl'U!1i:'ll 2 - 3 
q '" '" 

I !)II	 'JI 'JI 

i'l1m	 Ui:'l::::~1~flfltl~ltl1hfl'U40 - 50 fl~ffl!C)fi:'l!9ftlff !m::::ihli':i':itlfl1'l1mtlflf~ iilntll':ii:'lfltltlll 
q 
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III 

"1' I iI 

2 fl 1-:J1mlll~.:J fl~ .:J ff n ~~ m tJ fll1 l'fjfl ~ 'eN tl'\.Jf)l'HH)fl fll1 himJ1lmJ fl 1~ fll'~ ij hi~ wrh" ¢i'fl.:J ill~~ 
" .

ifl~ff~ll~~nm lu fll'j~flflfll1fhyu fill i'~ltJn~lfl'h 1l~~1.:Jijfl11mUllHJJ1fl~.:J'l'11l11'fln 
~ . 

~flflfll1 i'HlJlJlfllflU i tJ 'iJU 'l'11l11'lfl~fl11lJlfftJmtJtl'lJl~ultJ 

mllJ'V'lm~1 ll~~fltl!fl1'V'l i'Yi]J• 

v , ~... • 
2.6.3 fl11t10flflll~1[Jt1lHAt1~AeuA~[J'lJfll1'U0AUg) 

or 

o !iI i !iI!iI I 1 '" 0'
UllffU 'HlJlJ1~lJlltJflfll1~1tJffl'j~~mtJff'lJ8 - 15%owf ll~~ C)f1~tJlJflU'lJfllU~ 5 - 8 

~ 

%owf ~fltl!'HfliJff.:Jfl1190 D.:JffllC)f~I;tJff 11lunm 2 - 3 i11lJ.:J ml.:J'iJlf1lWfllmffl'j~~mtJflflfl. 
0"" 

~ ~ 

c! rJ' d'dcs'd ,::!:
U1lJ1m.:J~1tJffl'j~~mtJ1C)fI~WlJm'j'lJfllU~ 0.1 ItJfl'jIC)fU~ VI 40 - 50 fl.:JffllC)f~IC)ftJff 1l~~U1 

" " 1inlJ~1'HmtJ"1 fl1.:J 1C)f1~ fJlJm{'lJfllu~'li1tJff~1 U fll'j~flflfll1 1ljij 'li1@flflfll11U I~U i 'HlJ i~ 

mh.:JlwtJ.:J'V'lfl ll~~ 111'fl11lJ'tI11~fl'h1lj~flflfll1~1tJ 1C)f1~tJlJm{'lJflIU~ 
Y <e'_I.Q.

2.6.4 fl11t10flfln~1[JlU1g)A0f.J (Protease Degumming) 

" 1~flU~flflfll11~ij i~ijfllnJ 1lJ11i'1~tJmfftJ'V'l1fllflU iC)f1f1inlJ'lfl~ 'iJlmy~l11~~'fj'lf 

l'liU Vl1'V'l~U (Trypsin) 1l~~~1lJVl1'V'l~U (Chymotrypsin) ~.:J i~"lfl~'lJflflU'tIfl.:J'H'lJII~~11 ll~lu 
~ '" "'''' "'''' J''l !iI i 0' '" , .II ?t
lJ'iJ~1JU11ifll'j~flflfl1111iU !'lflflU C)flJ'iJlfl~~'lf'V'l l'lfU Bacillus ll~~ Actinomyces fungus C)f.:JllJU 

.: d ~ J i 9J 9J ddi '" .II i I I

l'lfmlV1~~~'tIUlJl ~ 1~mln~1~fl1'j~flflfl11't1fl.:J~1V1lJ mmmJfl'lJ'tIUllfl~ll~~I'jtJflU C)f.:J lJVlU~fl 

I ."j 'l!il i 0' i!il '" 
~1.:J IlJfl !'lflflU C)flJ'iJ~~flflfl11 ~f·m~ 

1tJ'j~lflffij ~~~fll tJ'j~Ull~~ltJtJ i ml ll~~d~ l11'lfl~fl1mtJfl~1't1fl.:Jfr U1i~ ItJtJ i VI~ ll~ 

1tJ'j~lflffi:uij~~tl'lJ ltJ1tJ'j~ U~ijfl11lJlllU 'j~liJtJ1J'tIfl~ llJmfl~~.:J 1UI~U' 'HlJll~~'tIUllfl~ 1U'YI1~ 

ml1JtlU1tJ'j~ lflffij ~~~flltJJ~U~ ~~11 tJ~~1 i:UlllU 'j~liJtJ1J'tIfl.:J1lJ l~fl~'tIfl.:JIC)f1~U~ 11'lJl~U ltJ. . . " 
i'Yi lJfld 1~tJ'l'11 1,r1lJ mfl~l~fl~~II~~ V~ 'li1mVllJfll'j ~~mtJ'tI fl.:J U1 II~~'li1mVllJ~~fl1'j~flflfl11 

2.6.4.1 liifll1t1tlflflll'11'lJU1U~lm0u'eu'lJ11.h~h0f.J 

'\.hl~U'l1lJlJl11tJflfl111UffU~~~lt1lflUiC)f1f1tJ'j~lflff'lfiJ~~N - 0.30.1 

_I o'd 0''': !iI '" I , '" .11- 1
IlJmlC)fU~ VI pH 9.0 - 10.5 (fll'jm~I9JU'tIfl~ lJ'j~lflff 30,000 'HU1tJ Folin ~flmlJ) (lJ'j~lJ1t1! 

". . 
30 - 50 I'Vh'tlfl~Ul'Yi'Ufll~ultJ''HlJ) Yifltl!'HfliJ 40 - 65 fl~ffllC)fm;tJff 11lunm 1 - 2 oF1 1lJ~. 

" 
~ .

1C)f1~U'iJ~~g;mtJflflfllJ1 1l~1~N~1tJUlflUYifltl!'HfliJ 40 - 50 fl~ffllC)f~I;tJff (~llri1C)fI~tJlJ. . 
rJ' d 9J I G) Y Y doJ: 

~ 

~ ~.d ~ ~ ~ 'jJ

m'j'lJfllU~ mflUfltJ'iJ~'lf1tJ !'Hm~~'\lu) 11~g;U11inlJ~1'H~ltJ"1 flH 11iUffllJ1'jfllWfllC)f'jC)fUi~ 
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2.6.4.2	 llfll'jijf)f)Ol1''t'llJih~-nHf)U'eulJ1'1hGJ!f)t1' 

1l1:JJ1UHC)j1ctlU'\J£J.:I i l'I:IJihiiUflfJfr:h i 11 :lJU'lU II~iiffl'J £JV1.:1gU Hff:IJ£IV:JJ1flfr:h 
'U 

hHJii~.:Ifff)ll'HlI'l1Uimr (Lime) U'\'1UUU (Tannin) lm~!':ictlU (Resin) £J~tmi1U'\J£J.:I!C)j1ctlU~.:I'vh 

t ,r1:l~r:mJIC)j1ctlU IUff1':i1:l~mtl~1.:1 i~tIltl luil 'il 'ilUU loMlltltltll1£J£Jtl1~t1tll':i~:IJ'U1U "1 111£J1 ~t1 
q 

~	 ~ 
91 0Glj!"	 wwe!i9J Q,I ~ 

tl1':i 1Pl:IJ lWtltlll9f1 ~ 'J1~1.:1 uml (;l~ ff1':i 1:l£Jtltll1:IJ1tl ~.:IUU 'il.:l IPl £1.:1 ':i ~1.:1 tll':i tl1Y lfftlfl11:IJ l.:lllU.... 1~'\J £J'J 

i 11 :lJihu{l~tll':i{l£Jtltll1~ i:iJ ff~llff:IJ£J 

rl£JU'V11tll ':i{l£Jtltll1i l1:IJ'il~~£J.:Iu'I1r~u i l'I:IJrl£IU ~lt1m~ltl~m~ml1.:1lilunm 1 

<!I "'l	 '" 'I lIJ Q,< .. ,:, lIJ_1 lIJ .. '" '" '" "'l "''''''' 'I 'JIQ,<

flU 'il.:l 'il~! .... t1.:1""£J ~ U Il1 IJ'\'19f9f1 '11 '\'11 ~ 1JU{l~ Il1 :IJ'\'19f9f1l1'\J£J.:I 'ilU:IJ II '\'1 UUU:JJ1 tl 'il.:l:IJ11i tll':i ~ 'J1 
~	 ~ 

U'\'1U!Uff (Tannase) :JJ1'111t11:l~mtJlmUUU U'\'1UlUff£JVtUt'h!.... 1~l~m1!m~fjffl'1'J1U ~l~t11 tJ1l~U 
'U 

i'l1:IJ:JJ1u'litu11l':i~Wff'J1U~~1.:10.1 - 0.3 lll£J{!~UI'1 ~ pH 9.0 - 10.5 ~fJtlJl1fJiJ 40 - 65 £J.:I~l 

19f1:ll9ftlff !ilUI1{ll I - 3 i11:IJ.:I U1:l~lWm9f1ctlU£J£Jtl ~l.:1~1t1ff1':i1:l:::mtl 19f1~tI:IJm{umulPl 0.1 ­
." d." ,d ~	 .c=t Q"O ~ 'j/ 'j/ ': I d ~ 

0.2 11lm!9fUIPl U1:l~ffU'\'1£JtIJ'lifl:IJ 50 - 60 £J.:I~ll9f{lI9ftlff 11{l.:l'il1tlUUm.:l~1t1U1£JU'\'1£JtlJl1f1:IJ 40 ­
<u q	 'U q q qJ 

~ ~	 ~ 

50 £J.:I~ll9f1:l!9ftlff lm~tJ11i':i ':i:IJ~1l1{llt1"1 fri'.:I tll':i1:ltJtltll1~1t111iij hj'V11 t ~fl11:IJl.:l1iJU'\JtJ.:I i'l1:IJ 

1l1tl1Y!fftlill lm:::ff1:JJ1':i m~ D'Jfiu tll':i1:ltJtltll1~i:iJ ff~ll ff:IJtJ 

. , 
"" "":II • •2.7 'YI'I.J'YI1\Uf)mnnUm.ll'Uf)~ (Reviewed Literature) 

'"	 <k ",.J '" 1890 - 1930 Emil Fisher lffUtJ'YItlllt) "lock and key" 9f.:l:IJ .... U!lU'il1tltll':iltl~ 

"stereospecific enzyme-substrate complex" 1~t1 1f1Hff~l.:1'\JtJ.:ImU i9f1Jnntlui~fiuu:iJfl1YU'il 

(Lock) !m:::iYuffllPl':ilPllll} t1U i~fiU~tlfltJ1U 'il (Key) ~.:I 'il~ff1:IJfiU i~tJV1.:11l1:IJ1~ff:IJ""tJ~ 

(Complementary) t U'\JtIJ::: fhn~ ES-complex ri1U'\JtJ.:IiYUffllPl':iIPl~'V11'11U1~.ij'ufiumui9f1J 

(binging group, BG) 'il~.ij'ufiu binding site (BS) '\JtJ.:IWUi9f1J'V11t,r Reactive group (RG) '\JtJ'J 

iYUffllPl':iIPl~'il:::!.ij'1'V111lBn1t1l tl~IPlHU1ntIJd.:l (Catalytic site, CS) '\JtJ.:Imu i9f1J.... tJ~ 1~t1~ 
~ , 

1f1':i .:Iff~l'JU{l~ 1m.:luuu (conformation) 'Vi.:l'l1:IJ~'\JtJ.:Imu i9f1JU1:l~iYUffllPl':ilPl i:iJlll~t1UUll{l.:l 
Q	 IQI ~QJQI 

1958 Koshland Ifflltlff:IJ:lJIPl!lU Koshland "Induced fit" l'\J1!ffUtJ11ffUffllPl':iIPl!:lJtl'ilUtlU 

mu i9f1J'il:::ff1:JJ1':im'l1~t11tJ1,,rln~tll':i!1l~t1uull1:l.:l1m.:luuu (Conformation) 'I11tJ 1f1Hff~1.:1 
lIJ o'q 'JI "'l _ I'" Q,< <!I <!l lIJ .. <!l <!l <k"'; <!I 

'\JtJ'Jmu ~9f:IJ l~ 'il.:l!1J':itlUffUffllPl':ilPlll1:IJtJU:lJtJU1:l~WUt9f:IJm:IJtJUtl.:l:IJtJ 9f.:ll:IJtJff1:IJtl.:l:IJtJ'il~ 
q	 q 

lll~t1Uilli1.:1 illt~m:JJ1:::ff:IJfiujjtJi~ il1iiu5.:1 (Inhibitor) 'I1:JJ1t1~.:I ff1':i1l':i:::ntJ1J!rlm~:IJ{l.:l i lltU 

llBmtIl~iJwui9f1JliluIP1'1l~ .:IU~1'V11 t ~fllPl':i1l~ 1'\JtJ.:IllBmtl1oM11:l'J ff1':imntlIP1'1iiff:IJU~tll':i 

'V11.:11U'\JtJ'JmU i9f1J~~U IPltJU t~~UlPltJUl1i1.:1 1P1'1iiu5.:1t1l'il'V111lBn1tIlt1UmU i 9f1J~U1ntIJ.ij'u 
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(Binding site) 111tJU~!1Wd ~ (Catalytic site) mi'1Vh lH-ffmn~'l~i~'ffllJ1'ltl,JUn1J!tJ'Ui91irl~ 

~1:lJ!~:lJ 111tJ111f1,JU i~1J ~n1 tJlni~'fflm'ltl~hiJ'U l~m:lJ1Jf1~ 

,J'UTIm !f1tJ1'U'UYl !!~~ !1J'l:l.n~ 1~El!!'ff~,J'U'Ylfl~l11f11'lffml1!~fnnUf11'l~tJf1f111 il1:lJ 

1 rwhw'l~!tJ'U 1911J11J'l ~!tJtr1l1f1!4m!Uf1fh1fJ l~l11f11'lfff1£11!~fJ1n1J!4mAUf1.yh1fJ'fflfJ~'U1j• 
dI '" "I .. d , i-I "" "I "I!lI"" 'i-I "" LC_I_I !!~~ LC_I_6 91.;j'fflm'ltlH~~m'U ~91:lJ'YlfJtJfJ u'l~'Uf111 mlJ (Sericin) ~~Wlf111 u'l~'U 

!ff'U'lfJil1lJ (Fibroin) !!~::: 11J'l~'UlIlf1'U:lJ 1~fJ1Afl'l1:::..r1l1f1 Zymographic pattern ~l~1I1f1f11'l!Wf1 

!tJ'U i911J'll1'u~"l'Ylt~1fJln Electrophoresis !!~1'j.h i 11 :lJ~Hl'Uf11'l~tJf1f111!!~1m'Yl~'fftJUf111:lJ 
I "" "I"!lI!lI !lI '1 !lI """I cl ..

'ffllJ1'ltl '1 'Uf11'l fJtJfJ'ffU m~'l \91 m~'l 'lJtJ~m'U ~ 91:lJ~1fJf11'l fJtJ:lJA'ff'U fJ~1fJ'ff ~~A'lf1'YlH~~~'l1'il'fftJU 

'j/ 'j/ 'j/ 1 rI': .::::!

ffw:ql'Ul'YltJ1'lJtJ~A'ff'U 'lfJ~1fJn~tJ~ijmf1~'ltJ'U!!uuritJ~m1'f1 ~U11m'U i91:lJlIlf1!'ll'tJ LC I 6 :lJ . ~ 

1J'l~iY'Ylll mwn~'l'Uf11'l~tJf1 fl11 i 11:lJ 'UtJf11Ilf111:::l11 'll1'Aff'U i 11:lJ'I1:lJ;j'U!!~1 iJ~l11 'll1''lJl1f111f11'l• 
"I!lI '" !lI !lI' 1 "" ..

~tJf1f111 m:lJ~1fJ'ff1'l91f1m~YI1~f11'lm !'ll''U Alcalase® Silkoblanc !!~::: 91!~fJ:lJm'lutJ!'U~ 



III 

, 
"" 1J't1't1 3 

111 fl fl1 'j ffflll1t~tl1J 'j ~ tiJ'W f-I~111rr .fl11~~tl1:IJ 1~ rr:IJ ri11111J fl1'j ~ tlflfl11 1 11:IJ J11vv1 '1 

:IJ~~~fltlmr 'lYll1 ~Wfl1'j~.fl11"l~1:IJV111~v toMfl~tI'lll~'YI'j'jf1tf fll'j 'YI~rrtl1Jfl11:IJtt~'lttH'\JtI'ltff'Wtv 
~ . 

. "" tlWl1,flJJ
~ 

QI.<::::t, jI GI 
- rrW~1'WTYW1'\JtI'ltrr'W tV 

- 1hdl'Y1n:fll1"lfl1'j~tlflfl11 111:IJ i~vfl1'j ~tI:lJJl1vi11~t~m1 
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'"
 

3.1 ltf~U~~~tJfl'1W 

1. Hirus Supra Red 3BL 140%, Phisit Intergroup 

2. N~C03 (Sodium carbonate) Commercial grade, 'lJ1}J'YI A.N.Y Product ~lil~ 

3. Na
2
S04 (Sodium Sulphate) ,Commercial grade, 'lJ1}J'YI A.N.Y Product ~lil~ 

4. CH3COOH (Acetic acid),Commercial grade, 'lJ1}J'YI A.N.Y Product ~lil~ 

5. ECE Phosphate Reference Detergent FBA free, Union TSL Co., Ltd. 

6. lff'hI111:U~'lJ 

7. Soft Incubator Eyela SLT-600ND 

8. Ahiba Nuance Machine TS Serial NO. 99250, Data Color International. 

9. Tensile Strength Teater,Model Lloyd Instrument, Intro Enterprise Co., Ltd. 

10. Spectrophotometer, Model Color Quest XE, Hunter Lab Co., Ltd. 

11. f1~t'l~~"'YI'J'.iff,r , Mciji Techno CO.,LTD.Japan 

12. G208H VIDEO MICROSCORE HARDWARE, SDL International LTD. 

13. Analytical Balance: Superba-series, Precisa 205 A 

... .<:1 

3.2 lli't1~~B'I 

3.2.1 fl1'1A(7I~£llJ£lHlJ~~~flBmi1Ufl1'1't1~~B'I 
'" I 1 ~ oct ,Joet ... 1 ~ 

1. m~tm:U~"~f1'O"1f1tY1h1~" ~t,mt'lf1m~~":U~"~f1t'l'YI:um~lJ'i~1J1W 2 - 3 l~tlhl 

" .
1,,*1j~tYtl~hll" tYf11~ "lmYJhI ~<h¥i~~ t'ldil'lJnlh1~""~1J1~l:U t111 "hifl~d1h1iJmtJ~" f11 ~ 1,rilf1.. 

" .
iJ'i~1J1W 1/8 U1 tl~1 loMm'Jj''W~'itl~i''lJtll~:U~''~f1tl'illmtltJf11~''hlm~11~ 111"11:U~ "lml~"f11~ 

d " iii v v3.2.2 fl1'1't'ilml~'t1A't'ill1~tflJmfl11~Bflfl11 mlJ~lU£lHlJ~~~flBU't'i'l 

Vi 1f)l'i "t'lf1f)l11m.1 1~tJ1j\Ol111iJ'i~ffmn ~tl 
... IQ. j) Q,I" I 1 '" . 

- lJ'i1J1wtY1'i,,~mtJ'Utl~tll~:U~"~f1tllll1~ ~~ll~ 0 1 2 3 lm~ 4 %owf ~tJtl~'iltYlh1 

" " 
iJ11J1W'l11 : 'l1111Uf1111:U I'thil'lJ 25: 1 

. " 
- f.JWl1.QiiViloMhJf)l'i"tlf1f)l1 \Ol~ll~ 55 65 75 ll"~ 85 tl~fflICJfm;tJtY 
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IJI 

lJI v : , <i ct J 
3.2.3 fll1iUlflflll nnlfllOUltJ'YH~~~C)f~f10'llfll~mHUVI 

~~ 'f)'vh f1TJ ~m I'JlJll1Vmfj;jf1THHlf1f1111 l111~lVV1'l1l~ rt~f1flfi'lJi1i f1TH'! flf1f11111lJ lJ 
~ ~ 

~'I1~1I 'thf11':irtflf1f111~lViTI~'Il9ifl1tJij 

· 
~ 

'"

. 
0 1 GJ'"'o lod 

. 
91 9J 1 '" - GJf~'Y1 1V11f11':irtflf1f111 ~v tGJf'Wl'fflJ'YImllll'tlll'tl'W 12 %owf llrt~ 9H~Vll-

~ 
cI .d j} 91 .d ~ od d 

m':ilJfll'W~'YI'f1111l~'tI1I'tI'W 6 %owf 'YI'QWl1JJlI 85 fl'lfl'119frtI9W'ff nm 60 'Wl'YI 

·
. ~ , 

'" 0 1 G) 'jI 0 'od 9J 9J 1 '" 
- GJf~'Y1 2 VIlf11':irtflf1f111 ~v ~GJf'Wl'fflJ'YImllll'tlll'tl'W 12 %owf llrt~ 9H~Vll-

~ 
cI .d 91 91 .d ~ d d 

m':ilJfll'W~'YI'f1111ll'tl1l'tl'W 6 %owf 'YI'QWl1JJlI 100 fl'lfl'l~9frtl9fV'ff nrtl 30 'Wl'YI 

- GJf~~ 3 'vllf11':irtflf1f1111~vl~Jl'ff,j~mllll~mr'W 12 %owf llrt~ 19fI~Vll-· 
· 

~ 
" d j} 'jI .d ~ d d 

m':ilJfll'W~'YI'f1111l1'tl1l'tl'W 6 %owf 'YIflWl1.flll 100 fl'lfl'll9frtl9fV'ff nrtl 60 'Wl'YI 
~ 

o 1 d. ~ ~ ~ : d 'I ~ ~ 0 1_ I ~ 'I : I 

'Wl l111'Y1Hl'Wf11':irtflf1f11111rtl111m'l~lV'WlW'W tl1'ff~m~llrtl'Wl 11rt1'1 ~'W'Wlfl'Wllrt~• 
'JI 'JI 'JI , 

'\.h~'Wflf1'f1i''I 'il1f1Um.J11 tJf) lJ liM''Il1flWl1.fllJ 60 fl'lfl'119frtl91V'ff· ~ 

V", .olI
3.3.1 flll'llfFt'tlU'U0·mru ~OVl0!~HfI'i'Ulfl 

o ~QJ" 14 ~ 
'YI1f11':i'YI~'fffllJ~llJ1I1~':i!1'WHrt~.flWCVI'Q~'ff1l1m':i1l(lIflf1. 121) trtll'YI 8-2518 ~':ifl'lf11':i 

, 'JI ." 

'YI~'fffllJm'I~'IUrt~f11':iU~';ll1yh1M'lff'W~lV'tI1~ 1~m~1VlI~'W';lmh'liJm111V11 20 !9f'W~11l~':i 
~ . 

1l~1'\.h~'W~lfld1'1lnlJ Hl'Wlrfl'lmlJ'fI1I'ff.fl11~ lil'Wnm'Wl'W 4 il111'1 nfl'WU'1 i tJ'YI~'fffllJ~lV• 

3.3.2 t.h~ii'tli.flTrtlufll~~0flflll 

o ~ II) d , ~ ~ "'1 d 0' 1 '" 
'W1~'ff'W mll'YIH1'Wf11':irtflf1f111111Vflll~lV'ff ~1':if1'Y1 (C.1. Direct Red 80) ~m~':iVlI 

"'i d cldd. "'jI I ~ G) 9JQ.I ,QJ .C), : 'JI
'ffl':irt~mV'ff 'fIlm'YI'YIllm111~'U1I'U'W 1 mll~flrtmlm~ tGJffl~'j1'ffl'WtJ':i1l1W'Wl : U1l1'Wf11'ff'fl• , ~ ~ 

rrhfi'lJ 200 : 1 't11f1l'j~fllll1flWl1.fllJ 100 fl'lfl'l~9frtl91V'ff 'Wl'W 2 'Wl11 ml'l'il1f1U'WU1 1 tJ~1'l~1V'\..J1. 
'I ~ .J 1V'l v ~

~ 

." "'~ ."." '" 'j/~.olI.,., 'I 
m'ff~m~Urt~H'I 1 mUl1'1 tVUrtl'il'l'ff'llf1~rtf1llW~f11':i~'fI'ff~lV'fflV~lUrt~l'f1mf11':i~'fI'ff'tlfl'llff'W

11111 (K/S) ~111 Kube1ka-Munk Equation ~lm'fl~fl'l Spectrophotometer Color Quest XE *1'f1 

l~ml'il::ff1111':ifJ~flll~'fIi~m vn::1'W ril'W~!1I'W19f1~'Wt'rhJ'W 1'W mw~iJl9f1~'WfldlJ'Wlff'W i l111111f1 
~ 

d 0Glj} ~d9JJ 
f1'il::'YI1 mf11':i~'fI'ffI'tlll'tl'W 
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QJ.Q 11 '" 11 11 '4 I
3.3.3 ~w~n.rJ'tU.l1'U6.:1!~'U &'HlIVilUfl~6.:1'll~'t1'i'ifl'U6m'UI'i6'UU'lJ'lJ~MflllVi(SEM) 

'" .
l~~ tllI'~lh.j~"'H)£h,rn~TUfll'HHHHll1 i 1111 1'Ufll1~~1~"1 itJ ritl~~1t1fl't1'tl~~(l'VIJ'jffU 

flmf1~ltl'U ll'lJ'lJritl~mlfl (Scanning electron microscope) l~tl~"mjW~mll111~fl~l~'IJtl~Iff''Ult1 
dllJ 'JI & '1 ' 
'VI ~flfllmfllJl !'Ull~(l~fll1~ 

, '" <:l :II 'I III
3.4.4 fllfl1'iVlVl~'Uf.I.:IA~lHU &'H'JJ (KJS) 

o9JlJ] j} 9Jo:=! ")O:=! QI .... .1 QIC). 

'Wllff'U ll1111J1Vtlllfl1Vfflltl9ffl (Nylosan Red F-GS) 2 % owf ~9flflVlI9f(lll1~ 20 mll 

~tlil~l ll(l~ mfltl~9i~fl 2 % owf ~tlUmfliJ 100 tl~ffl19f(lI~Vff 'Wl'U 30 'WlVi ll(l~'lhff''U'lv~i~ 
• 'U 

itJYilflll1flfilflll~flff mllffllflll Kubelka-Munk (3.1) 1f1~tl~ Spectrophotometer Color Quest 

XE 

(l-Rf
K / S == ---------(3.1) 

2R 
~ 

K : -ff:ulh~iY'Vl1if)l'jflflfl~'UUTI'~ 
'U 

~ 

S : -ffm.h~iY'Vl1if)l'jfl'j~t~~UTI'~ 



'"
 

, 
1JfIfI"" 4 

1I1flfll1 ffrlfnmuHl-:jfll'HHlflflll' l1'lJ i~f.Ji ,*f.JN'lJ:::~:::flflll..r-:j~fl n::l9h~"l l~fll11flll:::~ 

1l11J1:::ffmhl1 i'lJfllHHlflflll i ~f.J'lh:::liJ'W 1I1flml'lJfI-:j'VI'W~flll H~-:j'Ul~ 
'jI 

'Ufl-:jl'ff'W 'f.J' l1'lJ N~fll1ffml111 i.l~-:j '~~-:jU 

awi 1'Wi'VIf.J 1 ll~:::fh~~iY 

, 4 
4.1 fl11lJfl.:i't1U~tlH~.:im'U1Yi 

Ull-ff'W if.J' l1 'lJ~lJll~::: 1-ff'W If.!' l1'lJ ~ ~h'W fll 'j ~flfl flll~ fll1:::~l-:j"l 'lJ 1'VI~ fffllJ m 1'lJ f1-:j'VI'W~ fl 

fln~fll ~t1tlflfln''t'ilJ 
, '" d 

fllfll~~Y1iJ (KlS) 
d'" ntll (Ul't1)~w'tUJlJ (0C) 

6.24'l1'lJ~lJ 

85 (Soap + Na2C03) 60 4.36 

60 3.89100 (Soap + N~C03) 

10 6.28 

20 6.21 
55 

30 6.18 

40 6.05 

10 6.25 

20 6.18 
65 

30 6.05 

40 5.95 

10 6.18 

20 6.02 
75 

30 5.75 

40 5.36 

10 6.28 

20 6.21 
85 

30 6.18 

40 6.05 
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III 

• .~.. .. 
10tHn ~ 20tHn .30tnn ~ 40tnn 

6.5 

6.0 

5.5 

5.0 

4.5 

)~ - 4.0
 
l'" 3.5
f;:r.-"7 3.011(5:
 
"7
 

£ 2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

55 65 75 85 

... ..t2w'tuJ2..I (tlUIlI.iU.t1lJ) 

. . 
AI '~""1'" ~Ill"" 4.1 f11l11fl-:l'VI'U~OUH~-:I'I.I1~'I.ItHlff'UW 1111'YU'l0f1m19'ntlm-:lll~i'l~f10 

f11l11I'IJ1l'l.l'U 0 %owf " "

'illf1Hi'lm':i'YI~ffO'Ufl111lfl'l'YI'U'flOUH~-:I'I.I1~'I.I0-:l1~'U'tl'1111 'Vm1l~ f11l1l1~1l~'Um-:l 
~ ......, G " III " 1 ' 

1I~i'l~f1011J'U 0% owf tJWl1cQ1IUi'l:11i'l11lHi'lflOfl1l1lU'I.I-:lUH'I.IO-:llff'U W'UOtlll1tl ~m~"'1:')f1-:1 . . 
Q d. d. d. 0 QI '#:S. .et, 

tJWl1.fJll 55 65 Ui'l: 75 O-:lffWl1i'llCJ1tlff 'YI11i'l1 10 20 30 Ui'l: 40 'Ul'YIfl11li'llA'U U~'YItJWl1.fJll 85 

O-:lffllCJ1i'lI~tlff ffllll1mf-:l1f1~fnlllll.J~mml.Ji'l-:lt 'U f11l11U~-:lU':i -:1'1.1 O-:ll-N'U'ltl11111 1~1Ilf1~'U IrlOI~1I 

l1i'll'l'Um':i'YI~i'lO-:l'illf1 10 tnvh~'U 40 'Ulli Ido-:l'illmCJ1~ei1'U1~1l1im':i"'O-:l~1Im:ff11ll':itli'l:i'lltl'A 
d ".d... ...

1i'lf1'lJOtl'YI tJWl1f,Jll 85 O'lffllCJ1rUCJ1tlff 
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'" 

, '" <ot 
rJlfl1~V1V1~ (KlS) 

<ot mn (Ul 'fI) 

6.24 

60 4.36 

60 3.89 

55 

10 

20 

30 

40 

6.35 

6.28 

6.19 

6.08 

65 

10 

20 

30 

40 

5.81 

5.62 

5.52 

5.46 

75 

10 

20 

30 

40 

5.63 

5.26 

5.02 

4.58 

85 

10 

20 

30 

40 

5.27 

5.04 

4.64 

4.40 
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6.5 

6.0 

5.5 

5.0 

4.5 
,-.. 

4.0
~i 

("" 
3.511;;:-'" 3.0 

'~ 
!; 2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

'" 

... 
1110 \nn 20 U1Y1 .30Uln 

55 65 75 85 

.. .. 
QW11 t.)J.l (8~ ft 11011I:II"IUn) 

.tll,"~ 4.2 f1111JfI~ll'U~8UH~~'\Il~"8~t~'U'[l1't11J~ll8flfl11~";W[J1·nJ::ll::m8 

f1111Jt'ti'1J.u'U 1 %owf 

'illflm,"~ 4.2 Uff~Hfilf1111JU~~UH'\I8~ttf'U'[l1111J~ll8flfl111~w'~tJH1J::ll::fl8U,r~~ 
JI i/ , .It "'" , ~.f c1 

f1111Jt'1J1J'\I'U lo/oOwf YfUTU1J8t:lW11tJ1JUll::nlll 'Ufl11ll8flfl11 l11Jt'Yt1J'\I'U f1111JU'\I~UH"8~ 

ttf'U '[I'il::ll~ll~ l~[I~fJWl1fJii 55 ttll:: 65 8~ft'Wlfllt9f[lff ''U't'Jfl'lh~nlll'\18~fl11'Y1~ll8~1~filf1111J 

tt~~UH'\I8~t~'U'V'fl~tflV~ti'U U~trl8t~1JfJWl1tJii1'Ufl11'Y1~ll8~trJ'U 75 Ull:: 85 8~ft'Wlfllt9f[lff 

Nll"tHfl111JU~~1l1~"tHt~'U'tJ'l11JijU'U 11,r1Jll~ll~'il'Uff~tfl~ lA' 1~m'l,"1::trl8t~1Jnlll''Ufl11 

" "" .. 1 <fA I AI , .2 1i/4..; "" ll8flfl11 'U'II'1~U~ll::fJWl1tJ1J ['U8~'illm8'U CJf1JlJltlJ'U 'UtJH1J::ll::fl8ffl1J11f:lllHl'U ~~'YIfJWl1tJ1J 

' 'th,,rffl1Jl1f:lll8flfl11'Ul~ff1'U'U'Utff'U ff ~Nll' ,rfl111JU~~U1 ~"8~75 8~ft'ltCJflltC;[lff '[lll11J1A' 

tff'U '[lijfilll~ll~ 
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"' 

, ~'.c:::I 

fllflTH1Wltf (K/S) .... 
rnn (UTt'!) 

6.24 

4.3660 

60 3.89 

6.2510 

20 6.18 

55 

30 6.11 

40 6.06 

10 5.80 

20 5.54 

65 

30 5.48 

40 5.22 

10 5.54 

20 5.09 

75 

30 4.87 

40 4.60 

10 4.80 

20 4.62 
85 

30 4.32 

40 3.95 
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6.5 

III 

cd 
~~. 40 'Ull1IIIO'lnl1 20 'U1Y1 .30 'Ul11 

55 65 75 85 

6.0 

5.5 

5.0 

4.5 
,..., 

4.0 
~ 

C'"' 3.5a;l: 
'-" 
"7 3.0va:: 
"7 

!: 2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

!J/ !J/
fl11l1t'IJ1I"1J'U 2 %owf 

I d !J/ 1".d ,. 1!J/ !J/ .d !J/!J/
~lflfllml11U'IJ-ilUH'lJtHtff'U v n1111'1lHJflfl11 &~w '1WH1I:ll:mlU'tN1'1fl1111t'IJ1I'IJ'U 2%owf 

't'n.dlfl1111U~-ilUH'lJtJ-iltff'UtviJtt'U11U'1Ill~1l-iltdtJt~1I~Wl1fJiiull:nlll''Ufl1'j1'1~lltJ-iI~f2Wl1fJii 55 

Ull: 65 tJ-ilfYltGlflltCMVff \l:n-iltfl~fl1'jttJgV'UUtJll-il~'~i~t\l'U1IlflUfl U9ifl1111fl1111U~-ilUH'lJtJ-iI 
.il" d .l.d J.d'" .I Ad ... .1;11 dtnU V 1111~:t11Ufl1'jtulWUm ll-il1'1'1l'~t\lU'lJU t1ltJt'n1ltJWl1fl1lff-il'IJUtlJU 75 Ull: 85 tJ-ilfYWlflltt]fVff• ..'II 

0'" ~ , !J/ ' ' '' ......,Yo '}1 !J/ , ~ 
~111111~1J t]f-il 11F-llit'll''Ut~V1flUflllfl1'j "IrtJl-i111:'f1:fltJfl1111t'IJ1I'lJU 1 %owf U~1'11~~lUfl1111 

U~-ilU 'j -illl~..rtJVll~1Ilflfl'h !dtJ~Vlfl'U fJW l1fJii~~mh1ml11ftJu V:ff~F-lll1'tftt]ft'jt]fU ~ttlgtJ1J1JU 

tffu'V'1111 tn~fl1'jll:lllVU'f1 :;ttJ'U't]f,j','U [l1~1I:ll:fltJffl111'jf;1't'h~1'U '~1I1fl~'Ut'n'j 1:tl1111 t~1I~U 
, ..... .1 

'UtJ-ilttJ'U t]f1l1l1l1fl'IJ'U 
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, ...-=t 
fIlfll"jYlYltf (KJS) 

-=t 
11t11 ('U1'n) 

6.24 

4.3660 

3.8960100 (Soap + NazCO]) 

6.2010 

20 6.13 

55 

6.0430 

5.9540 

10 4.95 

20 4.76 

65 

30 4.32 

40 4.14 

10 4.36 

20 4.21 

75 

30 4.13 

40 4.00 

10 4.45
"..,,' 

20 4.23 

85 

30 4.06 

40 3.85 
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..	 ...
IIIOlntl 20 'U1Yl .301ntl 40 'U1Tl 

6.5 

6.0 

5.5 

5.0 

4.5 
.-. 

4.0
~i 
~ 3.5lJ~ 
'-' ..., 3.0"G:..., 
£ 2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

55 65	 75 85 

... .. 
~0l11-tl1l (O-.1ftW,al.UiI) 

kll"'~ 4.4	 f111'llfl~V1'U~flUH~~'tI1~'tIa~lff'U1fJi'H1J~~flflfll1~';lfJr.n~1J:::~:::flfl 

f111'll1~1J~'U 3 %owf 

I ,..e "1"";" """ 'illflfllfl111Jf1~T1'U1lflll H~~'tIl~'tIfl~lff'U fJ!'H'llTl~ flflfll1~1fJr.n~'ll:::~:::flflll'H ~ f1111J1'tI'll'tl'U 

3 %owf Yitdlf111'll1~'ll~'U'tIfl~fJl~1J:::~:::flflijH~~flf1111JU~~UH'tIfl~I({'U1fJl~fJI~Yil:larlfll~'ll 

~tu'HtJij'illfl 65 fl~fYWlf~l;fJff ilJl~'U 75 Il~::: 85 fl~fY1IClf~I;fJff Idfl~'illfllfl'UiOlf1JlJ1IlJ'Uffl'llnO 

Vh~l'U ill~~';1~fJtu'HtJij 75 ~~fYlIOlf~I;fJff 1l~:::~~tu'HtJij 85 fl~fY110lf~I;fJffl~'U';1~fJW'HtJij~ 
'II	 • 

oC\~ d QI 0 'I ~ .c::I "" .cI" " 1 .
IClf7Clf'U'llfll7YiO'l1l1Iln:::n:::nlfJhll!~ Im:::'Ylfl11'll1'll'll'tl'U 3 %owf 'llfl11'll1'tl'll'tl'U'lllfl'nfl 'Ufll7fJOfJ 

A I ... .. "'.'I! 1 .!..; d. .r 1 " '" d' 1 " dl lJ'ill'U l'H'll'U'UH1ln'U fJ 'Uflfl'illfl'Un~lTlIYi1J'tI'U 'UUll~:::'J11~fJW'HtJ'll flff'lHfI 'Hf1111JU'\I~UH'\Ifl'l 

" 1" A I ,.., .1 '" ~ 1 '" '" , ", "A I";Iff'U fJ'llfll'i IlJ~fJ'UUlJ~~flfJl~'J1~1'il'U1Jlfl'\l'U fl'U Ill'U H~1Jl'illfll1~1 'Ufll'iff1JNff'\lfl'lIfl'U Clf'llll fllff'U 

, ... .K AI '" '" 1 lAI ... .. ..e .... d. .K
fJ1J1Jlfl'tl'U	 lJ'i:::ffTllitllYi 'Ufll'i~flfl lJ'i'l'U (fll1 l'H1J) 'il'l'llfllIYi'll'\l'U 
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!iiI 

.d • ~ ')Jill) d ')J')J')J 

\ijl'n~'n 4.5 fI11lJfl'l'l'1lJl'leJll'J'II'l'l'UmttYlJ tI t'I1lJ'I'1t'leJflfl111'l1t1t11'1lJ:::t'l:::fleJfl11lJt'UlJ'UlJ 4 %owf 

, ... cI 

fllfll'j\ijVlil (KlS) 
cI 

n~1l (Ul'n) 

6.24 

4.3660 

3.8960 

10 6.18 

20 6.09 

55 

30 5.92 

40 5.81 

10 4.62 

20 4.55 

65 

30 4.32 

40 4.06 

10 4.50 

20 4.38 

75 

30 4.22 

40 4.02 

10 4.41 

20 4.25 
85 

30 3.82 

40 3.62 
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• ...

10 'U1T1 ~~ 201nil • JOlnil '@ 401nil
 

6.5 

6.0 

5.5 

5.0 

- 4.5
 

4.0
)i
r­

cr:;:s: 3.5 
.., - 3.011<;: 
"'? 

S 2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

55 65 75 85 

... ... 
tlf:Ul1~JJ (O~ftW.t'ua'fJtI) 

, . 
... I d/ "1"1 '" 91Il1'nTl 4.5 f111lJfI~Vl'U~flUHpH'Ul~'UtHtff'U [I t11lJ't1i;lflflfl11~1[1tJ1~lJ~i;l~flfl 

91 91 
f111lJt'UlJ'U'U 4 %owf 

~i;lfl1')'t1~fffl'Ufllf111lJ U~~U1~'Ufl,mf'U '[11l1lJ~i;lflflfl11 hw1~tJ1~lJ~i;l~flflU,r~~f1111J 
91 91 • 'jJ 91 "" d 2 1 ' '" '" '" t'U1J'U'U 4 tlt'Jf'UtA[l1fl'Ufl'U%owf 'n'U11f111lJt'\JlJ'U'U'Ufl~[lHlJ:;i;l:;flf)lJ~i;l~flfl11lJU'U~UH'UV-3tn'U

fl11i;lf)flfl11~f111lJt;j'lJ;j''U 3 %owf U;ifl111JU~-3UH'Ufl~t~U1tl~f.JWl1fJij65 75 tm~ 85 fl~ffl 
. " 

tQ}f(1tUMmY fit1i;ll 10 20 30 Ui;l~ 40 'Uln~llJ~l~'U ijfh1m\'tt1tl~ti'U ~flllW~t';'UihY1lJl1flfl~111~'.h 

~tlHlJ::i;l::flfl~f1111Jt;j'lJ;j'U4 %owf ihJ11J1Wtfl'U'Q}fu1J1mn'U'Vtfl (excess) U;ifl1"St,j~tl'UU,ji;l~'Uf)~ 
91 " 9191ci. 1 d/. '191' d " t1i;l11'UU~i;l::'Jf1~f111lJt'UlJ'U'U 1J~i;l~flfl11i;lflflfl11 l1lJ'Ufltl1J1fl ~mH~i;l111f11f111lJU'U~UH'Uf)~tff'U 

1tl1111J~1~ ijfl11lJU~fl;il~ti'U 11ilJlm!fl 
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'"
 

" Yl~Hltl'J i~~'Jij 

- fl11lJl<UlJ<U'U'\JfJ'Jtl1'JlJ~~~fltlri'Jf-Hl~m.h~ffYlnfllTI hJfl11~tlflfl11 i 'I1lJ (lCJf1~'U) lJ'U 

thlff'Uitl i 'I1lJ Idtl'J 'il1fl i'UJlt1NlJ~~~flmh~fltllJ i tJ~1t'ltl'U iCJf:utJ1ltJ'U ~'Jiifl11lJff1lJUfl i'Ufl11 

. " 
vtltl'ffmtlltJ1~'Ui~ fl11IVllJtJ11J1Wfl11111<UlJ<U'U'\Jtl'J '1htl1'JlJ~~~fltl ri'JH~i11'fl11lJl<UlJ<U'U'\Jtl'J 

" " 
Itl'U i CJf:utJ1ltJ'U 'ff'J~'U tJ1~EY1nfllTI i 'UfluvtltlffmtlltJ1~'U~'JlJlfl~'U19l1lJtJ11J1Wfl11lJl<UlJ<U'U'\Jtl'J 

'U 

ltl'U iCJf:U ll~ 'il1flflUmHltl~ 'il~TIlJ';htJ1~ffYlijfllTIflU vtltl'ffmtlltJ1~'UlJ'Ulff'U1t1i 'I1lJl~lJii~lfl'J~ 
tA .... I.e::t. 9J 9J ?I I 'j/ 'j/ d " d I 0 QJ 

IlJtllJ11J1W fl11lJl'\JlJ'\J'U'\J tl~lJ:;;~~fltJl1J'U 4% owf llffl9l'J11fl11lJl'\JlJ'\J'U 'U lJml'l11J1~'fflJff1'l11lJfl11 

~tlflfl11 i 'I1lJ~1t1t1l~lJ~~~fltl 

- 'QW'I11Jil~Yl1fl11ffmdli'Um~lJ1'Ufl11 ~tl 55 65 75 ll~~ 85 tl'Jff1ICJf~I91t1'ffl~tJGlh~ 

tlW '11 flil~'ff11Jl1mhlJll~'U~clUYl'U '1 'Ufl11fftnJlH~'\Jtl'Jltl'U i CJf:utJ1ltJ'U i~ ldtl~ 'il1flfl11 Vh~l'U'\Jtl~ 
• 'U 

ltl'U i CJf:U'il~ii'lf1'JtlW 'I1flil~l'I1m~fflJ (60 - 80 tl'Jff1ICJf~I91t1'ff) l~tli 11'lfll9lfl11 YlN1'Ui ~tlVN 
• 'U 

tJ1~ ffYln fl1 TI 'U tlfl'il1fliftlW 'VI fliliJ'JI~'U flfl~111tJ1'11 d'J ~iifl11lJ'ihf1UJ~ tlfl11 TItl'J~111~~fl11~~~ 1tl 
• 'U " 

'\J tl'J fl11 i 'I1lJ Id tl'J 'il1fllCJf1 ~'U ~'JI~'Ufl11lJ'Ulff'U 'ltl i 'I1lJ ff11Jl1 t:llfll9lfl11TItl'J~111~~ 'ff1lJU fl~~ mtl 

tltlfllJl i~1Jl'Jri1'U~tlW'I1flil 85 tl'Jff1ICJfm91t1ff IrlmhlJlI9lH~Yll'J~l'U fl11lJll~'J1l1 'J~'Jri 'JH~ 'l11' 
• 'U 'U 

JJ • 

fl11lJll~'Jm 'J'\Jtl'Jlff'U 'ltl i 'I1lJtJ ii~lYi~I9l~'J i~ 
. . " 

- I1mYi'l"*'l'Um~lJ1'Ufl11~tlflfl11 i'l1lJiifl11ItJ~tI'UlltJ~'J~'Jll~ 10 20 30 ll~~ 40 'UlYi 

19l1lJml9llJ 'il1flfl11YlI9l~tl'JTIlJ 11I1m~ltJ~tI'U itJ'l'U'lf1'JtlW'I1 flil 55 mff1ICJfm91t1ff 1l~~fl11lJl<UlJ<U'U 
• 'U 

tIl'JlJ~~~fltJl~'U 0 111~~ 2 % owf H~fl11ItJ~tI'UlltJ~'Jfl11lJll~'JllH'\Jtl'Jlff'U'ltli'l1lJilil~'U"JrI9lll~~ 
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~'WlrJ'W	 3 U1:I~ 4 %owfm:JJih~u U'j~ff'Yl1lm""fll'j1:lflflfll1'1'\1:Ullf'Wi~l'il'W:JJlfl~'W rUfl'J'illflU~:JJ1W 

"'.% 'JJy,d.%
W'W '19f:JJ:JJ1fl'\J'W 1I1:JJfI11:JJl'\J:JJ'IJ'W'Yl ff'J'\J'W 

" 
- 1911UUnl~Vi'ltl ~ijH1:I ~flU'j~ff'Yl1l m .... I 'W fll'j 1:1 flflfll 1 '1'\1:Uflm11:11 'illflH1:Ifll'jftfl1:n 

.... u 11~ l11:l1 I 'W fll'jffmlff'j ~ 'I111'Jtfl'W '1 9f~U1:I~t~'W '1 '\1 :JJ~:JJ1flfl11 'il:::ri 'JH1:I I M'U'j::: ff'Yl1l m .... I 'W fll'j 
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1:Iflfl fll1 '1 '11 :JJ:JJ1fl~'W 

- 'ill fll911U U'j ~ ftfl):11 '1 $1fl ci 11 '1 $111 ~ fl W'\1.fl iJ 75 fl'J fl'lt9f1:l t91 v ff f111 m ~:JJ ~ 'W V1'1 
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:U:::1:I:::flfl 4% owf tm:::nm 30 'Wll1lrJ'Wm1:::~m:JJ1:::ff:JJI'Wfll'j1:lflflfll1'1'\1:JJi~Vij~1f111:JJU~'JUH 

'\Jfl'Jl~'WItI~t1fl:JJi'U'1$1 tm~nih~ff'Yl1im ....1'Wfll11:l'eJflfll1'1 '\1 :JJ~~ 
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" f11'j 11m 1::;lh1mlf;I!::;Jl1f1IPi~'Utlltl'UtJ':Uff'WItI!Yi:lJ hAf111:::19h..:j"l l1..:jlff'WItI! '111J~1J ll'i1:::! '111J 

~1J~Hl'W f11'j 'i1tJf1f1111'Wml:::~l..:j"l 1Iml:::rf~1t1f1~tJ..:j~ 'i1'V1'j'jrl'lHll'i1f1\91'jtJ'W lllJlJritJ..:jf111~ 

(Scanning electron microscope) l~tJ~~f)'j':lru:::~b'UtJ..:jlff'WItl ll'i1:::f11Hllmti iflHff~l..:j'UtJ..:jlff'WImrltJ 

vhf1nftmnI 'Wf111:::l'il..:j"l 

____ ..._, _e _.~_"'_~'d

~, 

~ -- \-,._..._..-=-----~ 

. 
.-.-.....-- -.-......,~~-

; -..J. -----_ 

~ ~ ~ ~ ~ ~ 

tJru'l1fl1J 85 tJ..:jrl'Wlf'i1!Clftiff 60 'Wl'VI tJru'l1fl1J 100 tJ..:jfl'lIClf'i1!Clftiff 60 'Wl'VI. ... '" 

d . 'l~d." ~ '1 II) ~ I , ~ II) 
ml'l'VI4.1111ff~..:j ~'I1l'11'W'i1f1'1:1ru::;'UtJ..:jlff'W W ll11J~1Jf1tJ'Wf-Il'Wm'j'i1tJf1ml "::;1Jf111 ll11J 

<!t I ~ '1 ~ '1 d '" ~~ ." ." ?t '" . ?t ~ '1 d II) ~ 
Ifl'i1tJ1JtJtllJ'Wlff'W ~t1lff'W W'VI ~~1Jf11'j'jl1J\9Ilf1'WI1J'Wm:::"f1 ~1Jffl1Jl'jf:UWf1tJtJf1l1J'Wlff'W ~m~t11 ~~.. . I 

. " . 
lll'ilijm.Jl1JlHl'Wf11'j'i1tJf1f1111'I11J~1t1l11fflhl'i1::; iClfI~t11JfIl{lJm'W\9I l1tJru'l1fliJ85 tJ..:jrl'lIClf'i1IClftiff.. . .. 
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Iff'U itllll9l n~l ff'U 'il~ 'I11t111J 1191(JfIl~ m)f1f1 11 !'H:lJ~1t1'U1ffUf11J 19f1~t1:lJfIl~Utll'Ul9I 'YltlUA'I1 fi:lJ 85

'" . '" 
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'Ull1 ff1:lJ1~tlntlf1f1l11'l1:lJl~~ ll~~'hlJtl~lff'Uimh'U imUtlml1mtl Idtl~'il1f1nfll~hJ1U~ D'Ulln~ 
"'" 

~ , 

19f~c)f'U U'Uff1:lJ1~tl n~ mtll~~l 'U ff1~n~mtl~1~l1QUA'I1 tJ iJ'r;!~ 

" 
"""'--'-~';~e_ ~_ _ -<-~ ~ ;:::.-~ 

~ 

-.. 

-
-

-
It. -­:­..._~"~ 

.c:i 0 cs 
1. t11~:lJ~n~f1tl 4 %owf '1'1 55 C 30 'U 1'Yl 2. Vl~lJ~l1~tltJ 4 %owf Vi 65°C 30 'U1'Yl '" 

docs d d 

3. tI1~:lJ~n~f1tl 4 %owf 'Yl 55 C 30 'Ul'Yl 4. tI1~:lJ~n~f1tl 4 %owf 'Yl 65 DC 30 'Ul'Yl 

oJ 31 1 lIJ d I lIJ '1 •
ill't't'JI 4.12 Iff'U tI !'H:lJ'YlH1'UfIl~ntlf1f111 !'H:lJ l'Ufll1~19I1~"1 

fll~~ 4.12 llff~'lJ;imJUA~tff'U't1''I1:lJ~H1'UfIl~ntlf1f1l1''I1:lJ''Ufll1~~1~''1 1~t1ffm:l1Hn'Utl~ 

QUA'I1 tJiJi 'U f11~ ntlf1f1l11 'I1:lJlritlfl1111l~:lJ'lj' 'U'Utl~tI1'l:lJ~n~f1tl 4% owf ~U11'QUA'11 tJiJ 55 tl'lfl'l 

t9fnlClftiff l~l 'If'lf1~tlW 'I1fiiJ'~t'I1:lJ1~ff:lJ~tlf11~111~1'U'Utl~1J1t1J'U ~~111 '1. M'111l ..rfll~ ntlf1f1l11 'I1:lJ. '" 

In~~'Ut~t1~t~m!tltlt'YhJ'U Hnfll~ ntlf1f1111'l1:lJ~'lti~f1~t'I1~tlfll1 1'11:lJ~1~tlVU'Utff'U I 'I1:lJ lln~~ 
'" 

~W YltJ)J 80 fNffW1Hl!tMOff !C)f~~'W 1l~!f)rlm'j'YHN~11~u~n)'w 1C)ffll~ffllJnfl111~1'W 1'U~1~if'~~i~ 
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9 I ~ ~ 0 ~~ 
llJ tIl.:lf.Jtl:lJ 1:lJ t1l11flln1~ Iltl.:l ~ fl 
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l1t1tu'l1 flU. .. 65 t1.:lfl'llCJfIlI91Vff ff1:lJ1';iflIltlflflll i 'I1:lJ i~1Jl.:lrillJ.yh 'll1'1 ~lJ tv i 'I1:lJJJ~mJtu~ 

llVflfl t1 '" t1fl1l1fl fllJ 

~ '1 .d "" '" '" I ~ ~ ~'" ~ 9 

111.:l1lJ i~~~t1tu '11 flU 60 - 80 t1.:lfl'lICJfIll91Vff Im~Hl'UtI.:ll~lJ tv i:Jtfl~fll'Jflfl111mtJ1I1flfll';iIltlflflll. .. .. 
"1 .d ~ ~'" ~ '" "1 9 ~ d ~ 9 • I "" "" 

r1Ilfll'J fl'fl'l:Jl'YI l~:lJ I'Il1:lJ fftl~ AIl t1.:l fl11 fll';i fl'fllJ lllJ1'J t1.:l1'111:lJll 'U.:l IIH 'U t1.:ll1:1'lJ lV II II ~ u 'J ~ ff'YIli.fll'V'l 

tlJfll'JIltlflflll i'l1:lJ 
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11m 30 llIl~ 40 lJ1l1\911:lJth~11 'V'l11';htl1'r1Ilfll'JIltlflfllli'l1:lJ~tmi'liiiv.:lfllJIrltllhiUIl1tJ11fl11r1Il'UtI.:l 

d , ~ "'9 ~ "'11) d .. ~ .1 "" "" 11)
I'Il1:lJU'U.:lllH llIl~fIlI'111:lJt'U:lJff llJfll'J VtI:lJff l~t'Jfl'YII'V'ltl'YI~fftl11 u';i ~ ff'YIli.fll'V'lfll';i Iltlflflll l'I1:lJ r1Il 

& dll] 9J d I GJ 9J d cv ~ 11] 9J ~ iI 9J 
fll'Jfl'fllJ1'Y1 l~lI~:lJfIllflIllI'IV.:lrllJ lI.:lfl-;;;l1 lwhtlJfll'Jfl'fllJl'UL'JJ'l1mtlJfll';iIltlflflll i'l1:lJtl1v.:l 30 

.c:! d do 9J doG). 31d. " OJ 3J I GJ 9J ~ 3J. I 

lJ1'Y1flt'V'lV.:l'V'ltllIIll llIl~l1m'YI !')flJV.:llJtlVfll1fll'J !')fm~111lJfll'JIltlflflllm:lJ~lVff11 tm~~l~.. 
(N3:lC03)~t,*l1mtlJfll'JIltlflfl11i'l1:lJt).:l 60 1J1l1 . 
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2. fl1'Hmflfl11~1lJ Soap + Na.;,C03, 85 x 60 min 3. fl1'H~Oflfl11~1lJSoap + N~C03' 100 x 60 min 

4. lJl.:.l1J::ll::flO 4%owf, 750C x 30 min 

.fll"'~ 4.14 tff'W'lJ'111J~~l'Wfl1'jllOflfl11 
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run ('Inn) 

100 (Soap + NazC03) 30 

100 (Soap + NazC03) 60 

30 

55 

40 
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OJ' v 1 ... ,'"Ala, (....,YI) atnlOlZ'l8~1&N aflYlN'....fll1 aOflflll 

65 

30 

40 

75 

30 

40 

85 

30 

40 
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4.4 tl1fll1f'1A1:r'Ue~UJ'UoI1nmN1'Ufl11t18JltI1tl1:rUetllfA (Nylosan Red. F-GS) 

...
U1l1:f'U'l11.1~~1'\.Jfl1J'H.ltlfl11~m1~~H'11Jl~V1.I~1tlff Red F·GS l'WVt}Nylosan 

f1111.1ffl1.11'Hll'Ufl1';j~~ff"'V,mf'Ultll~tlth~lihmml1tl filfll':i~flff (K/S) 

..l '" ... j/ 'I 111 .d I 'JJ'" 
fl11HYI 4.13 "tlllW::ff"'V~lff'WItJ m1.l'YIN1'Ufll':itlV1.Iff Nylosan Red F-GS 

55 

65 

75 

85 

... 
n1:l1 (U1Y1) 
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1:tJ1 !'If !Unl'J Belf1 
'U 
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'U • 

1~'U1tJl'tl:tJ~I~ 
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Papain Production 

Introduction 

A common enzyme known as papain is obtained from the green papaya (pawpaw) fruit. 

Enzymes are proteins that can increase the rate of biological changes such as the ripening of fruit. 

At the end of an enzyme catalyzed reaction the enzyme itself is unchanged and is able to react 

again. 

Enzymes can be generally recognized by the ending -ase. This either indicates the nature 

of the substance affected by the enzyme (e.g. carbohydrase acts on carbohydrate material and 

proteases acts on proteins) or to indicate the nature of the reaction e.g. transferases catalyze the 

transfer of atoms or groups of atoms within a substance. 

Enzymes occur naturally in foods and many traditional food processing technologies 

involve the use of enzymes. Today, with more advanced knowledge of food science these enzymes 

can be extracted, concentrated and added to foods during processing (e.g. meat tenderizers). Table 

I describes some of the traditional technologies and the enzymes involved. It is worthwhile noting 

that only relatively recently has a detailed understanding of the enzyme-catalyzed reactions 

involved in these food processing technologies become known. 

Table 1: Traditional food processing using enzymes 

Irraditional food processin~ 

echnologies 

Breadmaking 

Cheese production 

Enzymes used To catalyze reaction 

Amalase In flour Starch-maltose, 

Maltase In yeast maltose-glucose, 

Zymase in yeast glucose-carbon dioxide 

& ethanol 

Rennin in rennet 
Coagulation 

protein 

of milk 

Amylases, maltases 

and zymase in raw dioxide & ethanol 

materials 

Oxidases in leaf and Polymerisation of 

bean colourless phenlic 

compounds to brown 

Reason 

Produce sugars for yeast 

action and CO
2 

to aerate 

bread 

To help form curd 

Produce sugars for yeast 

action and Cry for 

'texture' 

Give desirable colour and 

flavour to tea infusions 

Alcoholic drink 

Tea and coffee 
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One important group of enzymes are called proteases. These are enzymes which catalyze 

the breakdown of proteins. Childproofing of beer, see Table 1, tenderization of meat and the 

production of dough for pizzas and batters for waffles and wafers are applications of proteases in 

the food processing industry. The most common of these proteases is papain. 

A word of caution - there are a number of special difficulties in setting up small-scale 

papain production and very thorough research is needed before attempting to start such a 

programmed. Specifically these are as follows: 

- Papain is potentially dangerous - prolonged contact will damage the skin of workers' 

hands and in some cases it may cause allergic reactions. 

- The market for papain in Europe is getting smaller as alternatives are found and it 

may be banned from some foods (e.g. beers) in the near future. 

- Low grade (sun dried) papain has a much smaller market than higher quality spray 

dried papain (see below). Therefore a thorough market survey should be made to ensure that the 

product can be sold. 

- Plantations of papaya trees are needed for economical production-collection from a 

few trees in home gardens is not a viable activity. 

Papain: source and uses 

Papain is in the dried latex obtained from the papaya fruit (Carica papaya L). It is the 

protease which is most commonly used for the food processing applications mentioned above. 

However, other proteases which are important are ficin which is obtained from figs and bromelain 

which is obtained from pineapple. 

Papain is used in the pharmaceutical industry, in medicine as well as in the food processing 

industry (e.g. in the preparation of vaccines and for the treatment of hard skin). It also has 

veterinary applications such as deworming of cattle. Papain is also used in the tanning of leather 

and has applications in the paper and adhesive industries as well as in sewage disposal. Medical 

research includes plastic surgery on cleft palates using papain. 

Methods of collection and extraction 

Papain is· obtained by cutting the skin of the unripe but almost mature papaya and then 

collecting and drying the latex which flows from the cuts. Tapping of the fruit should start early in 
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the morning and finish by mid-late morning (ie during periods of high humidity). At low humidity 

the flow oflatex is low. 

Two or three vertical cuts (except the first cut, see below) 1 - 2 mm. deep are then made, 

meeting at the base of the frui t. The incisions are made using a stainless steel razor blade set into a 

piece of rubber attached to a long stick. The blade should not protrude more than about 2mm as 

cuts deeper than 2mm risk juices and starch from the fruit pUlp mixing with the latex which lowers 

the quality. 

Fruits should be tapped at intervals of about 4 - 7 days and for the first tapping it is usually 

sufficient to make only one cut. On subsequent tapings the two or three cuts are spaced between 

earlier ones (as explained above). 

After about 4-6 minutes the flow oflatex ceases. A dish is used to collect the latex and the 

latex is then scraped into a polythene lined box with a close fitting lid; such a box should be stored 

in the shade. The use of a close fitting lid and keeping the box in the shade are both important 

because they reduce the reactions which cause the loss of enzyme activity. Foreign matter such as 

dirt and insects in the latex should be avoided. Latex adhering to the fruit should be carefully 

scraped off and transferred to the collecting box. However, dried latex should not be mixed with 

fresh latex as this lowers the quality. 

When handling fresh latex, care should be taken to ensure that it does not come into 

contact with skin as it will cause burning. Neither should it come into contact with heavy metals 

such as iron, copper or brass as this causes discoloration and loss of activity. Pots, knives and 

spoons should not be used unless they are made from plastic or stainless steel. Fresh latex does not 

keep well and should be dried to below 5% moisture (when it will have a dry and crumbly texture) 

as soon as possible. 

After two or three months the fruits are ripe and should be removed from the tree. The ripe 

fruits are edible but have very little sale value because of their scarred appearance. However, the 

skin of the green ripe papaya does contain about 10% pectin (dry weight) and the fruits could be 

processed to extract this. 

Drying of papaya latex 

The method of drying is the main factor that determines the final quality of papain. There 

have been various grades used since papain became an international commodity. Up to the mid 
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1950s when papain from Sri Lanka dominated the market three grades were known: 1 - fine white 

powder, 2-white oven-dried crumb, and 3-dark sun-dried crumb. 

Up to the 1970s there were two grades: 1- first or high grade oven-dried papain in powder 

or crumb form usually creamy white in colour, and 2-second or low grade sun dried brown papain 

in crumb form. 

Since 1970 as a result of new processing techniques papain has been re-classified into three 

groups: I-crude papain - ranging from first grade white down to second grade brown. 2-crude 

papain in flake or powder fonn - sometimes referred to as semi-refined. 3-spray dried crude papain 

-in powder form, referred to as refined papain. 

Sun drying 

Sun drying gives the lowest quality product as there is considerable loss of enzyme activity 

and the papain can easily turn brown. However, in many countries sun drying is still the most 

common processing technique for papain. The latex is simply spread on trays and left in the sun to 

dry. 

Oven drying 

Papain driers can be of simple construction. In Sri Lanka they are generally simple out­

door stoves (about one meter high) made out of mud or clay bricks. Drying times vary but an 

approximate guide is 4-5 hours at a temperature of about 35 - 40°C. Drying is complete when the 

latex is crumbly and not sticky. A better quality product is obtained if the latex is sieved before 

drying. The dried product should be stored in air-tight and light-proof containers (e.g. sealed clay 

pots or metal cans) and kept in a cool place. Metal containers should be lined with polythene. 

Spray drying 

This is not possible at small-scale. A considerable investment in equipment (eg £10,000) 

is required. However, spray dried papain may be bought for the small-scale processing of foods. 

Spray dried papain has a higher enzyme activity than other papains and is totally soluble in 

water. Extreme care must be taken when handling this form of papain because it can cause 

allergies and emphysema if inhaled. For this reason spray dried papain is often encapsulated in a 

gelatin coat. 
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Enzyme activity 

If papain is to be exploited commercially for an export market or local food industry use, it 

is important to be able to determine the enzyme activity. The method is known as assaying. The 

assaying could be carried out by, for example, the National Standards office. 

Papain is used to hydrolyse (or breakdown) proteins. Therefore assays to measure papain 

activity are based on measuring a product of the hydrolysis. There are two main assay methods. 

The first relies on the ability of papain to clot milk. It is a low cost method but is time consuming. 

Also the lack of a standard method to find the clotting point and variations in the milk powder used 

can introduce errors. 

In this method a known amount of papain sample (made by dissolving a known weight of 

papain in a known volume of a solution of acetic acid) is added to a fixed amount of milk (made by 

dissolving a known weight of milk powder in a known volume of water) which has been warmed to 

30°C in a water bath. 

The contents are thoroughly mixed and then observed until the first signs of clotting 

(formation of lumps) are detected. The time taken to reach this stage, from when the papain was 

added to the milk, is recorded. The experiment is then repeated using different known amounts of 

papain solutions. The different amounts of papain sample used should give a range of clotting 

times between 60 and 300 seconds for optimum results. 

The activity of the papain sample is then calculated by plotting a graph, finding the time 

taken to clot milk "at an infinite concentration of papain and then using that value in a formula to 

calculate the activity. 

To introduce a measure of standardization the amount of milk can be fixed at a certain 

known concentration. This is done by reacting a known concentration of high grade papain with 

the milk. The concentration of milk powder solution can then be adjusted to obtain the desired 

clotting time under fixed reaction conditions. The 'activity of pure papain' at this known amount of 

milk can then be calculated. Testing the sample papain under the same reaction conditions and 

same (known) amount of milk will then give an activity relative to the pure papain. 

The second method is based on the science of the absorption of light known as 

absorptiometry. This is the analytical technique for measuring the amount of radiation (or 'color' of 

light) absorbed by a chemical solution. 
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It is known that, for example, a yellow-colored solution will absorb blue light. (Blue is the 

'complement color' to yellow). The greater the concentration of yellow in the solution the more the 

absorption of blue light. This is a useful discovery because certain products of chemical reactions 

are colored. The more intense the color, the greater the concentration of product. Therefore by 

shining the relevant complement color through the sample liquid the amount of light absorbed can 

be related to the concentration of product. 

Not all 'colors' (or radiations of light) are visible to the human eye. The technique used 

when the 'colors' extend beyond the visible spectrum is known as spectrophotometry and the 

instrument used is called a spectrophotometer. 

In the second method to determine the activity of a papain sample, a known amount of 

papain sample is mixed with a fixed amount of casein (the protein found in milk). The reaction is 

allowed to proceed for 60 minutes at 40°C. After this time, the reaction is stopped by the addition 

of a strong acid. 

The product of the reaction is known as tyrosine which is known to absorb ultra-violet 

light (invisible to the human eye). The solutions containing the tyrosine are prepared for analysis 

using the spectrophotometer. The amount of ultra-violet light absorbed by the solution can be 

related to the number of tyrosine units produced by the papain sample. Hence the greater this 

number, the greater the activity of the papain sample. 

World trade in papain 

The principal producers of crude papain are Zaire, Tanzania, Uganda and Sri Lanka. Most 

of the spray-dried papain comes from Zaire. 

The principal importing countries are the United States, Japan, United Kingdom, Belgium 

and France. Almost all the best quality papain goes to the United States. 

Crude papain is used, in Britain, in the brewing industry for chill-proofing beer and lager. 

However, the increasing trend for additive free beers initiated by other European countries is taking 

effect in Britain and so this market for papain is declining. Another use for papain is in the meat 

industry for the tenderization of meat and the production ofmeat tenderizing powders. 
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Papain 

Papain is a sultbydryl protease from Carica papaya latex. (A second protease, 

chymopapain, and a lysozyme have also been isolated from this same source.) Since native 

crystalline papain is quite unreactive until acted upon by mild reducing agents such as cysteine or 

cyanide, it may exist as a zymogen (Brocklehurst and Kierstan 1973). For a general review, see 

Liener (1974). Barrett and Buttle (1985), Polgar (1984) and Brocklehurst and Salih (1983) report 

on the classification of papaya latex proteinases. Papain has wide specificity. In her review, Arnon 

(1970) has indicated that it will degrade most protein substrates more extensively than the 

pancreatic proteases. It is also an esterase. Papain has been reviewed by Smith and Kimmel (1960). 

It has been reported by Sluytennan and Wijdenes (1972) that the action ofpapain on leucine methyl 

ester produces an insoluble polyleucine peptide. The finding of Thomas (1956) that papain breaks 

down the intercellular matrix of cartilage (see also McCluskey and Thomas 1958), led to its further 

study as a chondromucoproteinase (Smith et al. 1962). 

Proteolytic enzymes are widely used in cell isolation. With some tissues papain has proved 

less damaging and more effective than other proteases. Lam (1972) found that of the enzymes used 

for dissociating turtle retina, papain produced the least trauma. Intact single photoreceptor cells 

have also been isolated from adult salamander retina with papain (Bader et al. 1978, Townes­

Anderson et al. 1985). Huettner and Baughman (1986) descrbed a method using papain to obtain 

high yields of viable, morphologically intact cortical neurons from postnatal rats. Finkbeiner and 

Stevens (1988) applied the Huettner and Baughman method to the dissociation of postnatal rat 

hippocampus. Papain is used with fetal as well as postnatal brain regions to provide maximal 

dissociation and viability of neurons. 

Characteristics of Papain from Carica Papaya: 

Molecular weight : 23,000 (Dreuth et al. 1968). 

Composition : Papain is a single peptide chain of 211 residues folded into two 

parts that form a cleft (Dreuth et al. 1968). A three-dimensional structure has been indicated by 

Wolthers et al. (1970). The molecule has one free SH group which is functional (Smith et al. 1975; 

Shipton et al. 1975). According to Alecio et al. (1974) there are seven subsites each capable of 

accommodating a single amino acid residue of a peptide substrate. See also Glick and Brubacker 
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(1974). Other reports on molecular information and its relation to activity are as follows: Fink and 

Gwyn (1974), Lewis and Shafer (1974), Akalski et al. (1973), Allen and Lowe (1973), 

Brocklehurst and Little (1973), Mole and Horton (1973), Banks and Shafer (1972), Brocklehurst et 

al. (1972), Campbell and Kaiser (1971, 1972), Sluyterman and Wijdenes (1972), Hinkle and Kirsch 

(1971) Jori et al. (1971), Lowe and Yuthavong (1971) and Steiner (1971). 

Optimum pH : 6.0 - 7.0. 

Extinction coefficient: 25.0 (Mitchel et al. 1970). 

Isoelectric point : pH 9.6 (Sluyterman and DeGraff 1972). 

Activators : Papain is activated by cysteine, sulfide, sulfite, etc. It is enhanced when heavy 

metal binding agents such as EDTA are also present. Kirschenbaum (1971) indicated that N­

bromosuccinimide enhances the activity. Hall et al. (1972) report on the affects of acridine dyes. 

Inhibitors : Substances which react with sulfhydryl groups including heavy metals, carbonyl 

reagents (Morihara 1967). Westerik and Wolfenden (1972) have studied aldehydes as papain 

inhibitors and Sluyterman and Wijdenes (1973) report on benzoylamidoacetonitrile as an inhibitor. 

See Shapira and Amon (1967) on antibody inhibitors. Papain may be inactivated by HP2 generated 

by [[gamma]]-irradiation of Hp- the active SH group being oxidized to sulfenic acid. (Lin et al 

1975). See also Allison and Swain (1973). 

Stability : Papain as a crystalline suspension is stable at 5 °C for 6 - 12 months. Stabilizing 

agents are EDTA, cysteine and dimercaptopropanol. To enhance stability as well as solubility it 

may be advantageous to convert crystalline papain to its mercury derivative (Brubacher and Bender 

1966). 
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Papain and its Relationship to the Serine Proteases 

Goals 

In Exercise Six, the goal is make a comparison between the active sites of the serine proteases, 

trypsin and subtilisin, and the cysteine protease, papain. 

Background 

One of the fundamental goals of enzymology is to identify those characteristics of enzyme 

structure that have led to the unusual levels of rate enhancement that characterize biological 

catalysts. Frequently, however, catalytic traits are catalogued without any certainty that the 

behavior under consideration has played an important role in promoting catalysis. It is likely that 

some aspects of enzyme mechanism merely reflect a historical accident in the ancestry of the 

enzyme and play no important role in the molecule's ability function (not unlike the vestigial hair 

on our forearms that offers no particular warmth). Therefore, it is frequently of interest to seek 

parallels from a variety of enzymes, to show trends and consistent choices that have been made in 

optimizing catalytic function. For example, if two enzymes perform the same type of chemistry and 

use the same mechanism, yet they are completely unrelated in other, structural aspects, we would 

feel comfortable in assuming that the shared mechanism offers some strong advantage to the 

enzymes. 

Thus, enzymologists are excited to find examples of convergent evolution: cases where 

two enzymes of unrelated 'illcestry have converged on a common catalytic mechanism. An 

analogous example of convergent evolution in anatomy would be to consider similarities in the 

morphologies of dolphins and sardines - two unrelated animals that have independently developed 

similar solutions to swimming. In enzymology, the classic case of convergent evolution is that of 

the serine proteases. At least twice in history, protein molecules have been adapted to the task of 

catalyzing the hydrolysis of other proteins through the use of nucleophilic serine residue that is part 

of a "catalytic triad" including a neighboring histidine and aspartate (Figure 6.1).(1) The trypsin 

class of serine proteases is stIUcturally distinct from the subtilisin class in every way except in the 

immediate vicinity of the active site, where the structural details of the catalytic residues are closely 

shared. The strong analogous nature of these two active site geometries has been taken as clear 

evidence of the inherently superior qualities of the catalytic triad in hydrolyzing the peptide bond. 



78 

'" 

Armed with such knowledge there have been a variety of attempts to reproduce the catalytic triad in 

small organic molecules, in hopes ofreproducing nature's efficiency in protease activity.(2) 

A~ 0 ~ &<~ R 

"----\-->o..HN ~N, H-O---"- ~ HN/
~~ -/ .... 

HN \ 
\ 

Figure 1 

Figure I The catalytic triad of serine proteases, demonstrating the proton relay involved in 

increasing the negative charge on the serine oxygen. Another shared feature of the serine proteases 

is the "oxyanion hole," which helps stabilize the growing negative charge on the peptide oxygen 

through hydrogen bonding. 

With all the interest in the comparisons of trypsin and subtilisin, another related class of 

proteases is often overlooked. The cysteine proteases are another class of proteolytic enzymes that 

use nucleophilic catalysis in hydrolyzing the peptide bond, with the significant difference being that 

they use cysteine instead of serine. Papain is a cysteine protease isolated from papaya fruit which is 

used as Adolph's meat tenderizer and in Tide. Cysteine 25 has previously been identified as the 

active site nucleophile. Its function is directly analogous to that of Ser195 in trypsin and 

chymotrypsin. In this exercise you will further inspect the active site of papain in order to identify 

other structural features in papain's active site that are analogous to those found in the serine 

proteases. By adding a third point of comparison, you will further define those structural features 

that are essential for catalysis, while also being able to distinguish those features that may be 

essential for enhancing the nucleophilicity of serine from those that are preferable for cysteine. 

The Model 

In order to investigate the binding of peptide substrates to papain, Schroeder and 

coworkers solved a crystal structure of papain in which the free enzyme has covalently reacted with 

the inhibitor leupeptin, shown in Figure 2. The coordinates for this structure may be found in the 

lpop.full. This structure was refined with X-Plor, which includes a number of hydrogen atoms in 

the structure during refinement. While they are not observed crystallographically, they do appear in 

the final model. Another unusual feature of this structure is the presence of two types of solvent 
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molecules, HOH and MOH, representing water and methanol respectively. Their presence has no 

impact on this exercise. 

In this structure, cysteine 25 has become covalently attached to a carbonyl carbon through 

the formation ofa thiohemiacetal. Note that this inhibitor is not entirely equivalent to a substrate for 

the enzyme. The true covalent adduct formed between the substrate and the enzyme would be a 

thioester with the cysteine sulfur bonded directly to the carbonyl carbon (here a hemithioacetal 

group). Given this distinction. be careful not to interpret interactions around the carbonyl group too 

strictly. Differences will exist when the acyl.enzyme covalent complex forms. 

~X 
~NH 
HN~NH2 2 

Figure 2 

Figure 2 Leupeptin, an inhibitor of papain. This molecule is an example of a site-directed 

covalent inhibitor. The peptide portion of the inhibitor assures that the molecule will bind in the 

active site, placing the reactive aldehyde functionality (identified with an arrow) in close proximity 

to the active site nucleophile. In this way, non-selective modification of other nucleophilic residues 

(particularly lysine) in the protein is avoided. 
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Papain 

Enzymes accelerate reactions within body cells. In the human body, the pancreas usually 

produces enzymes that break down foods into nutrients that the body can use for energy and other 

functions. Enzyme deficiencies are rare, but individuals who have cystic fibrosis or diseases of the 

pancreas may not produce enough natural enzymes to digest foods properly. Papain, an enzyme 

produced by the tropical fruit, papaya, is proteolytic, which means that it digests proteins. 

Frequently, papain is included in prescription combinations of digestive enzymes to replace what 

individuals with cystic fibrosis or pancreas conditions cannot produce naturally. Because it 

improves digestion in general, papain has also been used orally to treat less serious digestion 

disorders such as bloating and chronic indigestion. Since parasitic organisms are largely proteins, 

papain has sometimes been taken internally to eliminate intestinal worms, but this use is rare today. 

In several studies of cancer patients, oral enzyme supplements containing papain helped to 

relieve treatment side effects such as mouth sores and difficulty swallowing. Chemicals in papain 

may increase immune system function and they may also promote the release of natural chemicals 

that attack tumor cells. Papain may lessen inflammation, as well. All of these potential effects may 

make papain-containing preparations useful as an addition to cancer therapy. An oral prescription 

product containing papain and other enzymes has orphan drug status in the United States for the 

treatment of multiple myeloma, a form of bone marrow cancer. An orphan drug has received 

approval from the U.S. Food and Drug Administration (FDA) because it shows effectiveness for 

treating severe or rare diseases that usually have few other treatment options. 

In other research, papain and related enzymes have been studied for oral use in several 

conditions. Some evidence shows that they may help to prevent complications of diabetes, possibly 

by lessening protein deposits in the kidneys. Proteolytic enzymes such as papain may also decrease 

pain and inflammation associated with rheumatoid arthritis, improve healing of injuries, and reduce 

swelling after surgery. In Europe, papain is available as an ingredient in several non-prescription 

products that are sold for relieving inflamed and swollen respiratory tract tissue. General 

stimulation of immune response and decreases in inflammation are thought to be responsible for 

some of these observed effects, but other possible causes are not clear. Results of some studies are 

inconclusive, and more study is needed before papain can be recommended for these conditions. 
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Topically, papain has been used for skin conditions such as psoriasis. Its ability to break 

down proteins is used to remove dead tissue from burns, to help skin injuries heal, to remove warts, 

and to treat ringworm. Cold sores caused by Herpes zoster virus have been treated successfully 

with both oral and topical papain-containing products. In one small study of individuals with 

Herpes zoster, an oral papain product was as effective as a prescription antiviral medication in 

resolving pain, but not redness. A year-long observational study of more than 400 women found 

that those who ate papaya at least once a week were less likely to have chronic infections with 

human papilloma virus (HPV), a common sexually transmitted disease. In laboratory studies, 

topical application of papain has also shown some antibacterial properties, which may be due to 

papain's interference with an enzyme that certain bacteria produce. Further study is needed to prove 

or disprove its possible antibacterial effects, however. An injectable form of chymopapain, an 

enzyme closely related to papain, has been used to treat herniated ("slipped") discs in the spine. It is 

used more in Europe and other countries than it is in the United States. 
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