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im sm m tim

M m hm tlm  cm® 1b «$peal t»£ife lm» equally

a mv&mitlQ- history* ft̂ ttasixgjh m-gm*mae& In $an«%££t

t l i m w t m m  p o in t . o u t  «fe«t  xn&tai o u lt l 'w g t # #  m m  Stiafl » f  ailfe*

1* id t® Gtvis© tfe® tmr&A cmm M  «8i^rrsr

tn  £ n £ i a  » i l &  c u l t ® ? ®  d a t « «  t ®  P M l b a r r ^

c d l t u r ©  t o  ise lla  fef a b o u t  1 4 0  8 **2 , t o m  ds iisa

Tim mttlvafe&m of sill firsts. fa®%m 1» tti® m&m 

flssiiklag «h» rivwrs ttrftâ gNatr-ft m& 0«&bmu

Bm-i'eiiittire i»iri§ mm &i tt*a isâ wfeattfc 

ptirrMmm © cigsjpafeim  t» about f i v e  m i i l t M t  |?0:o^|o in rti*&l 

tiimm* Xu cswt&iii pmt® of silk infimtzy playw a

mUim y e t  a ml® in c e r v i x  th «  irairal e e a ttm f  fegr

pr&vidiitg mimMimf wcupftt&a»» tsitft tlw «»jp$lng of ftolle^al 
taluk ia .Mf3#ra in i§8$# thm atatft i® mm tfe®

•g®l,SfWltio# mtilbcsr  ̂ «il& faf&fesar in SodML«« fM» dilit 

iuaw ata?^ to  t i t *  ita fc ®  i n  e a n c m itra fc a a  its  th ®  e»£

8nsst®Icilr©f i to la r *  *$w»ly&# %«£»?& ant? a e i  t o  a  c n s fill

flgxtftnfe in U*X®mm» aail « Afetnxe th#«6 million

jp o o flo  ear© d e r iv in g  ttnalar i lv * l i t a 9 & d  fro ©  fch ie  .jm feera l t ib r ©  

ifid tto fcvy*

I
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f&ik le * '£4i** mi fit**?#* It 4* «

8ol&44fl#$ #ffot»4is ooeffotion &Mtieod by c®r**d& eotor** 

filial?!* %o encaso feiewsiiws Its ttio tom &£ m&mm*

3 & p & n  w a s  tifoft i l v t f o  c m s m v f f  t o  m m  o o l o n t l f i e  m e th o d s  i n  

a u t t i m & i M 'g  ■ th o  m i l k  m m *  3 « $ a t i  h m  tfaovoSageo* o i w a y *  

mnUM Muhmt in  tt*« pma&um$m ®t fiaet s ilk i oithoii$i 

$oo& quality lUSts wro $B$6t&a& in  Ssidlo* tn tm m t pmi.

a sills io doelinlngi in « r M  aai && tii@ .saw®

time Xndion oil& io piitiln® eonolfiorablo leas!* fiteneatt i t  

i# iilflil,y  neeoosaxy to five iWHKMmt attention ,fe® lupfovo 

fcfeo gftality* sxpovim m «  fomm- «Nmr ghat «&« mmmn* e$ 

m m m .  ftoel L i n n *  p f« ig u c«  t h o  fteaafc  q u a l i t y  olXlc* A b o u t  

75' g o r  <a«nt o f  t h e  ttRJib&rsry s ilfe  p ra4t*0p S  i n  s & d i o  i s  i t m m  

t £ $ m m  0 t o t o «  & l s 0 # % o o p o  S t a t o  h a o  i t ©  d l o t i n e t  liMoe 

few Ms quality allls*

utiosi ftumatto -feaarjlfig ollfe mvm* m m  dlooaooA

'mmm «h& aofootlvo emsmm guoult*#* ttiorofcy *ifoetl*i0 tho 

omiti* flftlohoA ®U& gooao# flfcwovoe* af^UM&UMi -of

adages® iMlpad to giitd oolutloao fea e^se nu&h m

the $laaaeo» mi the- silk w e w  onfl £«aftnafci©» &t dofoefciv* 

c&ooom £aoiu# tho mtxltmltm* iaduatfy* hums® tho various 

jpvofeloao AOawtatii w&t& oll.ii wwna rearing* urination by

ttatuvod silk *©ri&a is oa ItcpoK'feaii'fe &j» im  ^ l e h  aatiofaotory
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s o & u tlc m  l a  -mot 'kmymu

during waftth** p6sia(Sa» espseiailf &ar£ttg

Wm •efe&oa£« at asm mHiwnrinf «mfeb.nmm%x for tl%tm to 

aeves <3ajf% ila* urla&feioti or li«p£4  aitatfatlsa '&f #Aito 

'woiresis fiaa#« fffeaiBisg of eaeoona ©a MKMNtot af

tiriaa&loa 3?y ®afcuu?« and aplHain® siils w w s #  .flgswtovx .wad 

fclaa* ia  1* • ® «Js t?  problem pmtimlm'kw during

mmmmn taaaitss m &  la  bae&a waother. Mrm’km® #£ £f.lat8®»fc» 

wtiil© ttaaJUtatf la css# of dllft ŝ rss arlaa stained eoe©oa* 

tm& mx* asd fclsa riarî s’fe rafca of aueh eoeoaas 1® «^&£de»a&ly 

loir*

la vltor of t^© a&ova praMsas of s£l& l&dii9try« m 

attmpt.wa® srnti# ft& iavattfclg«t« %tt« %fe#s aad saeana of 

ra&iselsif ttia toasas <aa« to urination# flh* ffeliaf.# o f #*«& 

Invesfcifrafcloa air© pre«eat!»a ia  fctila tfeacis*

fit# im,ln objeotiw sM  th© tt&e&y w ndi

I) %&« oan$ifeioas which 3Laa&: t® urination 

la aiUto w ®

41) to »t®iy $$!.« taehaolofiaal »a#aafc® of 

ralaltt&elag the HMStatfc of ®ilM daaemge 

€«.© to asriaaisloa. by aaltakl©. mattelo#
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mad wm'Linff «otH«d9

ill) t© study et» sKtfee&s tbs? the romavaX 

mi w e lm  «%*!»* m  Um» m m m m *
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ct&$T&a if

m vtm  s>st,sm %m s

fh©re is net sBiieh literatere available ots this 

evibgect owiD0 to the peoullaritsr of the ^o b le i, $hia 

prel&ee* te« $ather««i » f  th# eeies&iefce in

verar recently# whereae «e«e attempt* have already been 

oadto to different parte e£ th© world ee$e®iali£ iti #apan* 

Seeeuee of thie reaean neat o f  the literature ^reviewed 

Im m  »r« fre® th© foreign atsthore m& we rirstl v@ry few 

Zndlan anther* ©entrlteutea on thin enb$eot* Seesareh 

w»tk carried on the an& effect of aiik w f i

urine on raelabilitsp of ai&fe war® eeeemie i*  revia#©^* 

gtetttetie of centrellinf nrination. of aijfcfc- wortsa, «i»S 

removal of sarin© stain ere alee diecwaeetS*

I ,  ©rirtafclsm #f ©iiH wanm Caarthv* matri Mmts*)® 

Jleelahility end quality of ferine sfeairied eomm& is 

senai&erabl? poor# ,JSM@ problem ariees as the eilfe na&rw# 

urinate during -spinning eta^e* it, i* thereiBsre neeeaeary 

tft review the envistfflptia&tai« gfr^ieloglcal an& .tgelmologic®! 

©aadtitione tsaSer «hi«sh the urination ©« eilfc m x m  e®» fee

the ra®i» fauction of the ssalplght&n veeeele in ineeete*



£

Mttetf&liig m  ttigglesmtlt 1# ta •iiwiiiata £r«e

«*ri$ w ith  a  vdnisMW lo s s  <»£ w»t*r» ffl»|gsi$u
€1994) t tm t  th® «&&*•&&• o f  thm tff&$»£g&i«t) m m *1#
© f  t h e  s i l k  m m &  % ® r m  f i v e  a t g & t i v *  t o u t  m l tin tfe* M I a * «  

a r i d  «ci*S m m & n t  I n  &s»f lateral ©tag®: e x c e p t  3,®£*m % M © h  

is atoftoAy »ttisy©i i® feoeastt p»*»gs«iptt*

ftttnma fitful £@«i ®*0l t* $•£$ a$ s# uarie acid 

m eztstm  pm  Im w iztm  th* m m a is of silk

wmm ttozv&t tlmuqh th* Q«isRfcifci«se «K«UF«t«d vasriei ates^rd- 

if»f to the <3*v©iopffl©nt of | s m »  tie cftwtmtt th«% Ifcrnr 

Suf Isaev* oi th# filth stst© *iKwet«& 8*4 mg &$ srle m M  
p®s? S » y »  H i r a t B u K *  ( & $ & ? }  c e n f i r s s d  t h a t  «r i« *  « e £ 6  w a s  

fgwaMfenft hf the «ilfe larvft as iti o^hev m&
it wa« 2*4 sag a 4®^ In th# four Q&y ljsspva af the fifth 

afcag«*
o

;S®tife3w#Ma ansi EolfUlnls Ctf^SI notttS as* iftcjfefcie ia 

th# «Mmht of urin$ stained ©*>«©!!» tth«a the <wf

&aipm mmk fete* vm * M  vith frown &*$ftv*a of 

fh«f «&•$ ofcaarwea tSittfe' larva .toalfe tow titw to otittp&ot# 

m p t m i n g *  w h e n  t h m j  W e r #  f«ii t&tfe  f r o $ K i  MftVtttt* T h e y  

aX«« ssot-ad t M t  ve&&ftr utateiisf of cnmhkM! raw iafluesged 

%  feigfe &s»4$itsr« {1969! ofetttibutad hl^h tiqm&difey

eongftoA with saatf«ar«t® fe® som- ntuit e » l  teaQ ^&m * to



«Hn$t8689& rataaftloft &£ el&fe wmp» awarl t*%m* m

9w ®w b  m® t$m% m m m  iif &86

*il.k wana* in mmmtmm «. favour pmb%®m in 

«&$* fwtg of? Ufam® Ststt# duritig mmmm

sa$nfetis «a4 4hsvlit$ toi.# IUmf sgritMftitagi seearwl

«fa«# tH« ttsiative tasiiltf rmm gtoowk ©# pear o&tt and 

ti»&&«rofcur« *mng*u3 feat**#!*!* 84®* e to t6%*

ffc<$MWA Htta IMMt) @fe«ei Hafe ©9®# tia©« fliJtriaf *
\

min# mmmm tiha eooo&9i* hv *&fe m m  w&n® «e»

t e f & f  «fc&iis&d« II# *fe*t#6 tHat nuch 8tai»9$

<&6ocm« t**w» | » w  #6alti&U£&3r aatf »&)c« wmtliif unMfotwadlaaA#

t* « w

amtwire l%mm> tte& feat, ftlimt tart© *sSS is 8*c*9t#&

ift a i ik  «»««» as in  any iisw ots*  i t  £* e&eos&y te a m
’tea the liter&twa ewrtosift taroon** ixtftmne* 

aMMft&ian of iirifi® fey tftiasdfttieg' tb© fcsflwft*#*

ftt<t w&tU 4mm in tM«s itap&gtt fef M£§mm% wmtmt® i© rmlmm& 

in 11® &»&asrii){i parasfp'astes;

MaAtfcU. U9$iS tfent «*w® ££«h*«»4# 1»

i$a©efc« was €s«&»a@<t b f  m bmmztm am%&m8& «J«i 'laa«:»l.fn|5ls* 

& se«iir€ ip ;f t o  h its  t f lw N it is  i s  psem&%m̂  &3? « « *  © #M fem n»#  

$tfg9ttoat&ly a. iMJttiŵ wwsg®* *&££ti cars tm fr®e tSt&

$®&%er4or a&uroBosretegy* eeHa*
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Cifi4al atafc®̂  i&at in
fiftli «%&$$ i-aSNa© wm m m M  fey %twa r«&eaa* ©f ®. di«nr»tia 

tm&om i*sfe© %b® hmm%fmp% ftm tfee fus^i ?mm,
$ra&ttb&f team hmmm  &-igh Ihih&Unb ewttttnd. t& is® MtwmovMMMry 

«©l&a# itttfaatigttM tts« of tb« £«l&ftsA of %h*

feta&roll (&9&4%») a&B& jttsfee& th&t mQ#®*l®n pr<»«®ts was 

«*ry wHmitjtwi ta @teip« -in ftotĝ erafcw#! featti tt» rat# of 

4ttQg«fe$.a& *ad t!i« «f th© wis® wet®? a££«&titdt

illtx» ilM t) fmwt tfe&fe w  XitoQmt*&

i&fea- tli* by tli# §ft&§i-i« oxxd

Isf tb# tmpsisMtil $6vtgtlon»

fit# t»rs§»p» I«  te w s  to iJttiii MHgrqfetott %  tti©

t«a3#i§Mi® Ik  ina«8fca* ft© alsa nsfettd

fta$ pgsfcmai •$$««& #ti

tiis$r#li U96&) @mm§ «b«t- 3 trfptatsltst %a#

«ff©et -on of i M L m  oi

iBseat««

S*. P.ro«i?,fei#e( Mi Ml3it ttelxte staitkit!® of ©iils $#o*t*M!tts 

^«rtnla etiMs«s§©@ 3® tM'parojEMBirticNS of «I>1#* statn&«&g«

msgssf̂ iisg ifie v»r4cii«» ^rc^nrti^a of sill gstf #tlfe ®issMt«f»ts
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4* & mvim  ttigteftiff ©t

ft# o4I$k 4ft tfcft»fti<wft 9**gftttfeft$ %«&*#*

1193#) «%*t th» pit &£ «%« Wî mim in

iSt» «t|g& mmmi 4# ?*$«. fecNaoffdtag- t® Mil #»©■ fgiaftM flfttt# 

was Iftfte m&f 4ft th® ftqpaeoft ftfttffttet of tfeft f4tftm*

Jt«k8B8<!4ttB %«* 9efct*r & M  gigtaawi 4&M $) ftUft ftfeftft m &

fe® $&m  &/y *s 1/s ef it’s

lamMagr# *l&l§ i&Hr®; firi gesstttli&jp tti&tavfe mlmmm ®lmmt 

I I  $« r  ««**& o f t e  .tffttjjgfe*# laitt* tisft ftftiseft vmHrn §wm W  

m m  wmh as S© per <»»£* fi&fidmtrftfeft# literal aei&ft 

dt&K&vft ftUtat*' ftUtalUi «££& 4m m » $31* nt&lt if  the 

mmmim-Mmi m & $s» high mmmfe# ®4H« *um>

<mb&3F goal *£#4*41# far £$•*#

l^triiJSg tft jg  ̂jgys,* I ItSt'l- l%*mf$, ttlmim in

m t 4ft «*» i « &  nfeftgwi mi m v *& §£m%k*

&&■«& 4mrrnm t&ffm&m&y 4m i© ■$&<&&«!* 4# &fea«r«ftA If* 

«fetft fiftt* •«*$» of Baaribwt 1*4»*

gfeWtti J& iŜ .ii .§ {&$$$ Jt £lNM!$Vtt& **Wfc ft]fc£ti«*4ft ftf tp ,@tins 

t» 4ft«gft '8»iat «i#t &$ ieypfeagfeftft in Iftftftftv in tiift

£4fft& 6ftMftgHsaBitCII& ftfttgft* % N W  %«MFfc Sftfe fty&fellftftlftftA 4ft 

$fe« #4»fc &nnr «i%ag#»*.



10

M e o w *  J & # #  O b # * * M  % t » &  ttoMUho* t h *

aatim^iferagap pfoparftlo** **f fer£»©i$© «»&ihs1<hi of

« & f t  f lbmni.il, ask t h o  issfssmfa o f  v i o o o o H y  o f & l « i « io # 9 a o * t £ e  

*el$ tmAimttAana gsw&t $«gK»Jt yimrixafeim* ¥h®y
V ' '

mmimmii tlsafe wvm * f^ail pmi^rt&mi of the b©t*~fe£E* 

tt&tessi Mm il%m tfao aa&oou&o o f  ftswoio i*

ttMtiMt %o hav# 5 «yp*» of aepfaatft* tritata ewall otdo attain* 

m « f c a M «  in ttio fobftgti »fcato* « n d  witfe, J U & g o  o l d *  clmins*

otal&e i** the mlphm £wrm oma in th© &wmm filar**

€ ® rbsm | 12 ,952} o t a t o d  t h a t  £ h « r ©  i s  vor&fefeiotk i n  

degufflMtag l o s f e «  botvfeaa  t h e  d i f f e r e n t  X ay o r®  o f  a  caccscm*

M cs^se#pie m m lm kl® &  m m m  tiM & > o f .

titer £li»r £ tr*%m ri&&  p s o ^ m M  h %  <& m $m itz  d i j & t i t e r a t i o n  o i  

© i l k  £|&$o&n 0hov£& titan M£|.«ta«iew ofi find ® is s r « a f i& r il»

©bawst i O O  Itt i i l M  p a r a ^ o i  t o  t h *  iangftli

O f  tfc® fifere  ami*j# r i f e r i ^ a t e a *  fch« aolxfe t a  9 * o o a r a ® r  o f  

fibroua f ib r o iia  . i m m  tfco m & t u m H  a ilfe  flan&a of

the a !lH  warait apoatytftemijf oeparatoa' t o ®  6&£ot* ablution* 

i »  Hite f^sra o f  f la g  aii&rofi&rl&O#

^*i«1ni4#h#^  « b &  K aritet  £ & 9 5 $ )  tha- 'do cw otiati

and' o f  a u ^ a r *  nisi p c & 2f**es}iari<£*a  fry

ap©®. v o a e t i o a a  o n  a ilfc *  t a a t a  m m  a a 6 o  $a &



n
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llfM I aa&Stvitfefi ansteif* mi ®l%n m  tto* t*a«i* » f



m

attae# lata tiir« cg^i^ton*

H«S «£»«* us st#i?i«il» H# i  an# e* l« M ii: 6 tfts

Imf&t #§ «&* §m  4o« te jfts&lufel# i® m t*

■&$ -%#» s e w  B®kmmm# ffe t« afess&sfe mwtmmit

to «tk«̂ uft oattvity*

$&Mfe&uA iimm *h» fe«%isif ®f «&& $$# niiis
is  0 § 900$ fmSt «w? m4M a&ig&iiifts- tt&fair a N̂HMmra
*»g is to it &» $»v wgtttt** 4*w& te- #3str»©tiiii jwarteiti*

tbs %m& as? <§»$#* ik£cMB» at so &fe par «§«?>© |«fe

im IS' aA&utfta Staft /&$» %MMm tltaeatil#
a® tt&ttfa&t&Ht s# .twrAeta to ®  vopigwe i&ymee &£ tie

a&Me £sms$im» of .wjBuel ti-iiifi* by wttte &© «at
$•£ pass «wwit a®#|.® oa&titis& iwhp §??;&» fiasr i£ feaitFe*

CltlSI ofeHMnnreS ttssii the moat I%f®ts> ®§ «

®mmn goatttisiftd S4- psr eaofc 0# ft® sildd&s Aayeff
«&!»fea4gi«6 %m® &*& tfe# Atma? &«$*? <MsAiz>a9 M  pmt
««&t «f «eirl<!tAti* II# $rti@@iB«& % BMShaA f@?? MwrUdjB extract Imi 

*4kmMi tlie ptMmm* of itiiiisr 2.in* nws* <§^l»%|rtirat©

«tq*# Aga«»®S q£ <tMUr fnrwMHtetii is  nii&iifee qpgftntitAos*
tliiiitfegi «nd ii|,itis^ta |if@0) anal-yawl «ajefcttosfflrattwi 

mi mwM&m gtta&&«fcfeA«»&y ®mm tif*liretpil-is wlttt at&gfct&Jfe' 
mia# A (MW V4tt«r fliiaJtlQ a®ifl «»»



SNiBteWrt# mm hm '$m&$m

Iitsil «tatd£«tt t&« m tm  «sti4 of

m&sift d#ri««& tern tmM iisi-iaia sttfei* ft#
tiattiid tfeftfc tire ««&&& i » M  fstsw m  of «?te |ji w m  a is % i*t l ,f  

4H£faK*&t imm m m  9& tto* m&mts®w&&w® fitejpattt

mms&kn®i& n il, t&a &0&I& &$&$ mi *$*« t»&

&«*« of %f®Um fcftS « l i i * .

fftctt&ft ftWlfc lltSi) i&»t$£ tfMfe #sSfelS|r

milk §%m 4» goifialik ^ l e i i  « * »  ftt»<ijs m#

* s i  «a«tf to* f t ® w a  % f  *d«ti «&s$y M » r »

$&%&*£■ a&ft il#S4f «  twtfaati imw

fell# €®t«?»ta®fefc»i ©f «Mi#ie»$ft mmmtt i& fUsf feapft

Wm m&mm atHAi. m&mt m m  is  n £&#£«#&«&£ #s& 4  m  ® 4&f® 

till m &sbm t m &$m  wm  ©tfe^i«iw -m® «%«&& m u  %Mm «n>fe 

i$$» $  mrn^i m &  psfe imt» a eru&i&i#

WMt *&*» leapt fe «  * S t e& ©t S 90? aonfe of'

mm %wsM lut© t*wr $*«*e33»£ft m4 item A t i i  pl«to<»# 

wm® to dUttfe^w :$m I t  tK »m * %?mm *&»&& pf«#is

mm® w m M  in AtalfcM  w&tm mat tMst.&#i twi<m for fmli 

m% 1« m »

fti«ti;i J &  A&»* llfitl thm ftffecsfe n#



m

m  A Muriois oolttttoa %?£§ti «ittesss§s

i p w i t i p  mm®& t«Q an# ottawad a» immmmm in  v4«o®s£ty* 

fhay eslss* oMsrwS- & goaas'A* m«sre«B» in  fttoftgngpfeloii a t . 

£&ght of M f t » r  wnvtt loogth in  the-

fkamMmt C £ iW  irsv«atigate<£ 4O0®M8ift£ |o*« &&■

wpimUm wmimmmmm of aii# eat m &m m  tm stU i

wssssa* Jte* »ol&&4oa ta»a by M s  oonfcAiMrt § # of eaap 

ooft I. § of tails :p3i? &tfer©« fk& m&&® && ®mm§3tM to &&guog 

wfttf £ •&$• la looeo&y tl®M§ ti*@ «&t»ir4i& wltb a

parous aloftfe iusd 4» fete n&fttAUts* fcaftfc « i  *&glte&

ftotf ooo 'tow  »£  •iaiitiif fho lifts f#s©f& out

m &  itfstfNtit#

S .  mi%M^mmm. 1u«?4»jfeL Sttfc ®W!3f $«a@io

3igw» fttaftM  tit# $voEMnr&F of ni&ls wmra oirine m  &m M  b® 

8e#n fjfcwt tli# *Mrp ptd&44f)«d kni&mmtom ©a fcMs

«&&$«&*«

ft# ®£iis Mowa ttrlsi® oemtKiiia c^sl&fNealvlo ttfwnait of 

utio  mtil# 4fc 4o o«ap«0lM*d tHat off&e a&46 aa? too *o*$»oi«4&to&o 

'fop tlio yo&&o* tttoift&kgf of ©©e»a» IKw uia

M m % M i?f to mmrtt ^  j&*# fS.#S4| w ie  i s l l  aot» m  m . 

»isSi dife*9lo aeid anti gg&ao tiMo o&aaoo of s*sii.fai# aottttfat 

« !#  fh® aeattiij. pgtssâ fess* ■mini litM ,£i» uesrfeo® $g*



n

feltfe m®k a&aiiy «$ta al&all ©aits# *&£&a atanaaiira

m 0m  ie mMM.®* ftwf tt&va mmta£ %!m% ux&a

®.e|i iM iaaa&tibla i«  alffiefeal m &  atha#* mlmMrn

4a bailing \mt&  antf iaaaltfi&e In i»#M m&n'®*

fteaordiag ta (1969) th* olifc m m  arina 4® .

olfealina in ftafcuBa* Sa £auti& f l  sraaga «*£ 8* ft fa f «fg £$

pMs4«Nt H<s «& •&  o»a©t¥#a' & aligib& itiogfeaaa In pi

■of tsrta© or, 411 hours eM$£ttreva ta ats»sf!i@£®*.

liav© &t«3£a$ oa U»» aauaaa a* braaMaga !&' aritia

afeainad sills aoa&oaa* At«s* lisjraif aay aattar feat cam tw> 

a definite aaaalua£oi» *agt#£ia8 fcfca mmt tstmm am<S asttaafc 

agf temsfctm iilm m t  having tfaaiia$*

lM®eoril«f to âs®p®r fifiil %$i® aaKft&refia* #f tiany 

aafla lit raw ai|$* 4a da© to -fetia aafeias* ©if fcfta 

I » | « i i e  aaviaia # # l9 |»  «m tha fitswwtn wh«j» #ia $£tor* i« 

ktmfc* tea aa@®aafc* «ba% tlia a»feaai at tfeeaad birnakiaf Irnrtof 

atitfiti&ing *a»f &a saiaimiaaa toy fit at ataanata# ttea itaiden in 

ag£aK to aaftan th© $an*

^^wirarajt C198@) atatafi tfsst ivMm %h# alii?: m/m mim~ - 

aataaa in aaataet with tt»# aaeaaaa ia Uf#pa an tmmtaata* tlsa 

alftalina natmra aJf tMt w in *  s&f £4aaoiv®& -t&a aa#i$i«i coating



m

oi tlta $ll*a&nt in $afeflfoaa flUutt t&la ©pitfitls®, ft® aroaaaa 

caaoSAa in bvaafcftga tiftila aa %fc© t»

r«m!w^3 mt®M. fey tlie mmmA #f tweioin ia ;pafttihaa» lit' 

fia&tli#® atadiaft tha «££aet #f pttra- «*!«■ scsM aalafcicm an 

aaaoona* fi® c&aarvatt ttsi*% par# apie aelft aggAiatf to aoaoaiii* 

$16 ag% {uradaga any ofe^aatarlafeie la&giailfih y®%%m afealts 

to tha mills w»®s w l ®  «&pl£a& to aaaaaoa* fi# 

go&itfMHft out, flat %hia flp^l'Hf Inftiaiifea* «}»&£ it la tfe# 

tarla apifi its ailis m m  wr&m ghat A# tfaapoaffl&l* $m jBtwflaa* 

itif ifei© tihavasfcaelatie steal***

f  * If8«ntias«&.iwaaBMga* Sfcatfa a&a t»a aajjaat# In asnt&al

mmmmm via*# smwwattva aa$ attaratlwa* tfs gaaveafciva 

naaawrae £atr attt&ara itav* appvaadhad Arm* t&a g&sfolo&aglaal

pjiiiii #f « Iw  by iiisiisf; aaite asstl .̂itst#%ic hopa&ijs«s aa# aalagr 

ajaeferla zraem tbaatara* Hhasfaaa wm i d i l t n  tiava iwiaA ira» 

t»ctef3*&l^le6l. at vjlaw !#«*« *&S«ela$ tlai fio&i&ar a£

Manga p&x wmn&&%®0 lapraviag ill® wMa&iag tacfe&iqaaff sad 

adav* all ofowmviG® mw&mt- aaa&feory eaoftlfelaaa* tinfe* 

gRsp&ttj&a aaagnsPaa aatly f«w autetutfa h&va &%taggfta& t&. raaow* 

tin attain toy tsuifif eset-fcalis bxa&g&lng i%§m*M»

®»yfce»eif* ha® «i*fcS4£rarat£© aoti©» la l««war ’ws*‘%it»rataa 

@* Stawti I,i€©l» o^ytaolu baa a a!l$jha to*** <iaflBlt& 

iMi&iuvatitf asfcl&t* la «0A1«(«ni t» ite «wr* afttamotariatlff



as

{cfaanfa &u&4# %M%1» &«&r£dg* mmw% %km

it  %m %mm jp&ftftlbjt* to inaueo ia imrnt®

. if M t  't’n. i«» Mil nnTitfin JT.,,- ^

fflKPWMMI' ftOSMplMMta

IteK&mtlii. (IMS) mmtml «fa«t ztm felocttfo&m **£ OttH 
$oo&& tam don* ;by uftiagf fcyttrogMfr 9m m M m  «&£fe «d*tat& 

* g * p »  S i& t t  I #  b & o t i& M t  i n  «  M u t t o n  m  4 f %  v tk$«a i i o .

m #0%, tiiliM &« feopfe ia ooo&Aog &iQ8ar
v te % ^s r ^ i# s i tli«8 m $hm

k ttopetitt ton  tin® $o|Nm ittia 11367}
that is *onwa& of th@ i$m** *06 m$m U$.
tih» oil* msn» wawis %» wwM ta %jggg&m fete
qaa&itr s*f owkkmw*' It la t&*& fi»  l#%to
o£ tim mmm&m o» tawfuiag $00000# tbo pif«  or
■m» mm t$ma mSbm@»a*tt w»ft too *«$!*«$$ iro» fcAwo *0 
%4«  *0 get fM of it» tfieokttttgodi iooooa os# w$m«

Clf$S> yvfepoottti a IumMUii&i tm. swtpnto «fco 
■ m $ »  tsf ogong&ity *#*$* o w #  ttiri! mtt-t fer *&tii «  w a& m tm lm  

m& 4&e» w&mim* sllisfe* m&m%& alone m wi-%% )i$B*ofMk 
gmttofflMUt oajr fehea &w#$9g&Me im % sAftib* m$ thtio xrinaai off*

of M4 %M $mm jNlSvtoXô jf At tl»0 CttBtffol; 
ftMO&gelfc mM gaotltoto* isfmm sludW

mm o#o off ootf^iwotio fetfrnsmoo to $9#* uarinatKm «#



wUM m m  iw la f  I,fit* %'$Mm %##pr#«»t-s3cand

m m  maA lit aMititm t# t$u» î ?ifea?«| «tf mwptmm&m® 

ttem̂ tam# fiisf nom pti&mt tife«&aeti DadaoBd

4a t*««as»  inm im * « i  m m  #&£$» *
43&smem» In «n» imte&m**

ft »  stomas® m m s&im  tommm .lit®

VMgn&Mt»l» «# mm M  its- #iat% a9%ntil«ti in w&mt-® 

M M M tH fetM  mti$M mmm i*fi%t€li§if#&lsi Im #!&& m m *

Aseavtiinf to Hi,* « i&  «fl %!#■ *£agA*flfe
*

fo$! %® t a M *  thA« s^MaUnat in  cite srftaft## asNtwi &» t*» »«# 

ftonft # aat$ KMtae  ̂ 1&# INMS£t&- m% ilifc tlw  

«jf «g&niftta9* $*» atslt̂ r tfoggftffftfld Ilf %M im to

«l»« ©Mtt&i#® «r 1w*ptof| t w  wn»i4uigftii

an in £n*&tflN£ «% the t im  ®§ m$Mm&m* twi*

p w c it t A f t  # s « §  ttfta & l t a  ik s s © « i f e w i t  d&tftteii » £  b ? 4 is*

on fttn «t*w»§s 'tetlw to mli® .®mintitpi* ftaartta? wm»am

mugQMtoaA I* ft» am&t m m  -&mrn&m ®iM* wmm##- la til# 

aoMtiftg* ibmm* vto&rfh

^m§mm  t®» ■.#©©©«» m  will fee

tftiffMti&fe f@P■ *»  ipl.wi-i«if tmiwm*

M M &  llfit): £$$$! w »%  m *  atimiiat®

jasilfiiliim t$smtm a&wvlisy In teaseefcft# a©c#^^lsf t» fete

m



t&& vsti®IgMtis feifcitat ImmrnHv mm note* hmmmt

mfflmtt* m hm m m #  *w*sh m  as* m®

is* «w t tiie 4Mbal<Ni fe» «n&$*fco«

IM©r»®^f0n mi %h* oftooit 0# nriiM» m  p h ft e a t it m i 

PN $ivu«« «m? iu k  tuiA «*&$£« of w i t  m*

atltit eaoo&ii 4* ta»«§t#* titane* as?# m  mpmm m

i&m off #o«lla$ ©i urifto w&sh&A &mmm® act*

#§ *&£%A8&»9 agent**-



MATERIAL AND M E T H O D S



M

m m m m  t u  

m m m m  mm m m m m

««ry  isywlttflttttig mtM %m in

fctomtoMm m  ttie pmhhm. ©f *llfe wssm m

d £ i t a i e &  n a t t i a d *  mid %mhn£m^' w *  S © r  Wks&y

« *»  g l« s» s#  fa&i <jwnrl&3 

#«%, «8Q&tt»iv»iy itt view tlie «uin o&je&fel**** la

v i w i  # f  the gmtsuMm mmmm « a f t h ®  p a r t  ■©#

t i t s  w s>#k m@ ilmm. m  e # t * % g ® l s ^ r t e i & t a a f i s l  i^ s i& a s r c 'h  

gnat %*&ialngr liwfeifcMfcit# t%»ira ,&»§ ths muBalnin  ̂p m t was

eegqp&ated its the gtê ttrttasxtt; of SHaaittary floMI JlajUa ©f tftfe

sisai«®r«itsr & $  ftg&im&tim&x fh »

os* m » t i a $ 9 m t t m t im n  ®€ @4%% tann* tajfisw t e r  

waio&f9ik#$ **ts&*$£a&- ®f ts^p#wat.'asf© aa# hu@i&£«$r & M

#1 we&tls.©** 6&ta at the f l »  ## «&£ttwfcl«Kt *te«r

m m  cKunrtoiS o«fc at- tl** *»i4 ia !$£«*»&• fte-

r̂ issiisis'if $»rt at &&© wa*ls trt&dh e&in&y of 4*tall«S

mmlfMi.® Imfos&itm a i i a a  m U  «>£ th«s mmmm  « s
gofea to th® &ajte9?&tar|#« M  ttm  OstivcBrvity at ISsfefe&l* 

U « f« l0 r e *

7h£« @ «iif %ma m a s s if  out daring traiay m&msm  off I f  I1#*



at ■

3£&3f o f fwr& %  H i ® t$r#e® %m%® tit## in thm

8%uftjfr iSfhtt t lU t  w arns wejr© ffwuteA »fe th a  .S«tf4«altttJM»i 

af €'©&fer»3, sw&©ii$.fesiss®i ftaMMPtih ^tsi fre i& in f  

S«i«%it4ifee# hi$m s«* stwsd&ifA m tm  m m tm ® ®  (loctfliy fcispm 

m  y<̂ iwwaeA3iM>> i *mm immnS fo r  oautiti&g fell# ®tl!t wats®,
II$mm fcho ga&q&atiioa a$ wills mu?® itm&im tlw» «9<sng!ift &t 
tsh# tim mi *&&& :a t t  t o  th« suw® a® th *

n i « & * $ •  pot m  a'amt&iiif *ti«s$«*r wasae

wb&& aft «hA » s tits *§ ©  am i tto ia  &13#wikS t p i t i  « i

£a&p e«o©ss»* ht tltn  feiejo e$ ag&nning mtv&l gttnator at ' 

£mm& m  fcha tebitt&sgfta w v »  mmti#®* o u t «»f 
tie®## nuft&w of c&eogm» toy -tm& «»pw rat«if

& m m ana V M m riM *  $v&® th is *  p»ir®0«fcfcfw o f  atsdrntk 

esesrems pm  fDtnuntage oal«biat,«d*

Itatiring of t£t$ siifc warau was a w is a  out sfe the

pxm&iiim eM«ftJL«? fimwmr*- vatftteue &*tn m&h

m  mmimm isM isissisiu® ftftlatiw* hwwl&ifcy *«WNk r&Gordmd oik 
felie <t«y &£ .splaetef. at ttwg las*^»  atsrlag %At£«$h period

%  « U H  w®r» oeeum  am i th »  tmp&m* to^out® s ta in * } *

©m im §  ttm poriat & $  t«  Swstator M W  $ urSaa

was & m  tim *?p£»isig at&ga tm vm  £vm  th * mixh

w  fe>©atf«i at tha Mmmmmh m& fr&A&iof



m

Xftetifetitft* u tim  mmpl® mm pe®mi$VQ& in  a

ed U M in  JBrtefijgpjgxapiBa b © t , t i ©  to y  i c f t a $ l f t g  i t  i n  t f e f r l ^ w e f i t e a ? *

&&tear ®& it. mm «9ed Jftw *flw»

u e itt*  m.n # tM iy a *d  tm r th e  fte ll-av& ftg  m m t itn m ts it

i> m

m  H#0trt€2.al jjsfaductivit.^

!£ !}  fatal #&£iL3fr 

ivl tfeio

«> $&&a& nitr©?|»

¥t| iteajiiaeax

i?M> ĉsSim© aai etfjtoigtf

« i i i !  $s$*l> m apbft4«

1st) total, ftesp&afc® ftf*$;

m} total £h&Qri£a

m&w$M tHHtfl fi» smaifttis ®$ «»iaa « * • W l& H y given 

im lm *

I !  jQgf ® i$k m m  •«*!#» m m & M m  wm® an

a w&sH €<**14 p8 wbt&» m$m mMms& 9&4»«a el«eti?© 4»*

i l )  l& tis tsp icsa l mmi&mmivity

of H.ti# orinfc *»«pl« t#»a a©tm?Ktined fey «@tag *&« 

ferMg% &&«!«$ an a&tetaroniA itg* im ll $®&n% iiwtica&ae «ud 

th® tfl^puvfeim Qm@*mmtion ^»vica* & €ip t|?ps p%$ki&im3L



I f  f#l,l©wlsjf ®ii© » t ! ® i  $ iv m  'by

I £904} tSs« tots& s&Xi&B lu «HIk iwwrih t«?i§» mat#

*&  mi tte tsrli® ompb# * » •  talam in m fe«r#«f 

ftfh a lie tf Mmh§  t f l ig & t & y  * & t h  & m fc£e  m M  3 i i

$wa$awa$ad lit m ega  in  tli* o f wsid t ill

m m  $n m lm § .#  #t*« ir®siia@ |af%  m ®  %mt$hiB& 

a i t f t  f a r e a t a # ®  o f  f e g & a i  m*%M& I n  w l n a  « « « £ & «  W i t t

I l i l S J ^ M 8' w a s « s fe i» fe « ii' b y  #ti$&«R»ifi9 t b s

* M w i i  g i v e *  fcy  i N M l i o t  &tt6 fir& riktt f t , f t l t *  Hife#s? O U u t & g g  

th« m i m  mmplm &tw&&jt tt&ws* <w$ mij$i»§ m % l$  m% 

o f  t m . mi m ®  t#m »£8#tfo& in  4 §§• «4 v ^u n e tr ia

SUuffc* Vo t M #  wa© «li# #  B ml mi § pat owife M iu a t  «ygn&$» 

fislattoi m &  i  ini «s i4  w m § m ^ *  Its §

graft* # © t l «  4^gft%a$* ia  Ii©  ml o f nofttof ♦ U * i  §

o f  ffs®9 ac?M ♦ #*31 ®I &£ 63 $ • *  osnfc $if&«g£t@r4£

&©I# 4  $  ml mi e6B&mt£9t8& BOX) « #  tfe* mnut tStoa

$& $ «  iif w ith  rlisfelttti m m rn  «§€ vdxod m u x *  ff«# im m m i% w  

*»f £&«» etAmir # f  tt® m l m im . ^m m tm it* ^-p%lm% 

itaraBte»i£tt»t&6Nft « f  th© fe&tse »t© W fea  «o&*feion «## « & # w « 4  with 

a $fcofe9 #i«tric>  «&&ti#ta*4s*r m M f  £♦# 0L% *m #  fWaw t4» 

s% ® k fii® 4  c o s h m  a l a ^ i s t t i i ^ j & y  f f t p i t f t i  *k*£fi&  ;|*ure m r te  n e M  

M ia iiw i^  ®ais©nmt^a%tois # t  tiv^o fie JUS fa  tlw* siXk
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w M  mist* flassg&a m  «a3.et&ata6«

.festal nitgrogea *&aftaa& of tfs© 

sa&IH we#® Mfttaa a&opla waa aat&mtaa %f tsi&vtHfcjaltiaftl, 

tsattei m  3eAertba& by aawte <&!***■ C19SSI# 1 ®1 ®§ the 

a&lfr mm mim *a« £a a pw*% g£««« ffcafc

t h i a  « & *  o $ d a &  1  -aft « to iM M M t i* « t« A  m t t f f e t M r i a  m%4» I g <

$N»fcft*ft£tiBi of&jnhata# and on* 4f*®j» ft per a«s*t ea$$aif 

m&ptmt# rolufeiott* &«$» $£a*a Issssis mre «ri&aA t© 'tt*£* 

taiscttsir* to ogftgar istetesls# Istsiŝ ifig* wim tslmm® iwas 

am»r a «s&oirtifcapiMtff £of ife^ul § n&aat&a, &ttoa&

Mmm < «& distillad « » «  was adftafi

tn ®mv®m immmnkm of asriUd mutt in  fefe# fiasife*

4£festad natar&*& mm tfeaaafmeft lata a diafe&llattan 

a$$sv&fetMk# bf ffapaatfiMSfcy riasjtef th® t$£«a3Mk$0ia«thl &atflc 

witli iw tw  *ad tjpasaftHsifia® tft* ^ n M »f  a

ta&iimljr t® %he l&aafe* ©stffieteiif quality o£

4§ $M» aodiaft hgtiragjUls mm aA3«& to «Ha $£$*at in  tbs 

fiasii aa »  %® tha caaiaata didt&M&is* 

titealim®* .©Istllla-t,# waa cft&laotaa A® ’twa $mr eenfc feorie 

aeM solution in a »e#$Mss§ gUufc «t$ t^hioh fta* &rag>e of 

to3ra»ei?©»i '§m®® iftil©&t®r ~wmm a$$a#«. &£tm asa^latlag 

fcha Mafc£iiat4a& « w i a  raaaivad: in tha 3toxr|.«§s m®ii wad 

titvatad agalnat Q«$3 1. att&gtouv&a «©&«!* ttafefeatf otf esl m£
0«OS $g au&ptaiffia *ci4 rwjp*i*«d| to tha *£fc*at£@» «ftum msinipxiefi



b f  £&efcg>*? © * 2 S  p v s  t l t e  s ts il l& g s r& s a  o f  ia £ fe £ © p f f l  Ins  I  

s a a p l e  0 i  mifk m m  u r i n e #

*4} gy fallowing ttta

§ 4 w a  fey P e l i i *  « u §  S i r i a  { I M * / |  « s s s ^ I s k s & 1  i i i f e r & t f f ®  4 »  t i m  

silk  uur&a# iJsfag4« m m  m t & m & M *  $ »  -aa ct&iqp&fe 0#

SI MI w in* mw$M- tafsea t& a ISO asl aarlfettnayar £taf&«

8  f  « f  £ i a a l y  p t t l v # # l g « d  p o t a # e i i t »  « a «  ss iM ® #  & i l o # a a

by ggiff graps of £hen9l$&&teal4gl& £j*31aa$9tf» $$*» ■ eont#ati#

■ e ta  ilm'k %mm- f e l t mm@. t ®  «  f i s l r t t  b u t  p t e l s

u g a i n g t  0 * X  JL a o t i l v s  ! t $ d v a * i d * »  f c t i t®  t l t r o & j U m  mintem®

1 0  « &  o f  m &1 o S A o a *  & & a r  o i l i n g

w a l l  t h a  « M f  t t i x t n t t f t  *f*m m f a t e  t i t r a t e #  a f a i i n s t  0*1 js  

« o A iu m  kf&Kmbd# t »  &  psmm®n% pivik s o l o a * *  S w f e & r  # f  n l  

o& 0 » 1  jg  a a d i t w  hfS&fml&e mqmlmi. im  « a t a p l« f e t n g  t h a  

tiftvatton altar tha ad&Hioix o£ fatregilgi on&tlpiiad by teiMn 

1 * 7 0  f & v a  a m a a a ia  $ £ « * « » &  t o  t i ®

o f  € f U s  vam  m im  amsfc* kmkm im  t ! m  t iw f c l« t a f e id t u

parfe£$& @f tlM vati&M wm vith tfiatiiia# m%m

.«jskI eissliif it ws# uaed fssr $efc®s$i*iafci*m -of

gsfeasitiUiafe aoftitaii aa6 ealeiun* fliese $hr*a aatuil tow  ww?* 

*Btisnta& »®4nt a JSLiffie -pt&feagtatag toitJtaKit any piriar tvaafenagtt

of til# «lil>mt®i saisfsM ia *88U* SUtfta ĵ hateoiBa%ar fef asiiag

m
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f 4 i f c w ? a  f a r  Q&t&BHt&mg tmSfhm m i  t m f c e iu ia *  

StaaOaaftS «K»li3tlema $£ fww&tiaii&tii «9&<Nrt6»* onleiom afel&rito 

mis# ffadjLtia ab&tnrldd gxrtipatfttd £mv& A«ft* jgufeH*? et*4Mie»SJ&

m m  *«». m  tli«  £i*©$*im®iit t»  «®»feal» tba>

0U3rv®s f *  t%m»® Sy re®©*la® t& tb# mkmf̂ wfi

M G rm  th® m lin g ii  re©©**®*® fo r yttM ftluM *

e iU U i iu e i  s a d  s o d iu m *  e * e : ® a t r a t i © i i ® -  © €  i n  th< &  » i t t s  imm

m i m  m m

v t l i l  ^ a p fc f t i a e  fe fe s s i  $ u & $ ih e t9  t s M i t & a t  i s  t h ©

m m  m im  atsapi# w&* a*%«r«tik©& Isf tha

fey mm®ta% (1909)« Sis a &la&ct 180 st psofQeialii 

€£®H* 19 «i af tbe ®4ifc w r» arina @a«sp&,& *?&«

* ®  f l i l s s  w a s  I  ta t: a<&*t«& i<8fc* 8  r« s , f@ iife #  f f s a t ^ t e f c ®

mm^mi t  g a a » i& % *  o f  3 $ g g M * r  a i t i r f t t s  2 9  #  #  s a 3 £ a &  c & X g r f t t e  

SB  f  *  o M K fe & to tB  i i i t r & t e a  1 ©  f  #  ■ M s s fc i-M ® #  w a « « S f t »  w # t a  tip 

%Q® * & ) «  t fe ©  6 £ 4 f t  w a g  i® # p t  o n  a  t e f e  w u s e *  b a t i k  a n d ! t h e

w a r *  «va & «M ffA fe a&  t *  # s ? fs t« s ® *  t h a  £ * « £ £ ) » «  w a s  h n ^ t A d  

o n  $ & »  v a t a ?  t m t b  t i l l  i t  wm® WlmUmmmiU t f b *  t o t a

t h a f t  'h a a fe o #  m% &  A a K w S  & « £ *  £mw 10 m^m im  6 a  ■ ia a fe s a y  thm 

P i r f a e l ©  « n « *  & f t e r  moling  t h #  J i l is ls  t^ s  r a m  

a&«n& IS  mk mi Q&luta h&®fwsm.mi<8 miM 11 #41 m  &as*& ©na3

tit# m tm  wmm& gantty «*» a b©t watar bath tint *h#
a f« H i:€ u #  **& &  A f f c f t t f  i i l ^ M j i f  w i t h
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m&m' to atasfe UM M i  ml mi %@ p*v tmt* 

m m iM im  wt# i&m t c k &M  iimp- l»y § m p *  flm 

farm #  m *  aattosmft ft® **% «& •*  It  * m  'tsSwm £ & & » « &  ttwftHQfc 

a p w to isif »<§&#»$ ytxxfa oritelfe&ft* fti# $*«&$$£&&* ws# 

w a a te l £ * •»  # f  f t  m i  4 r l« A  » #  9& h»

tin  wtigbfe 06 the pm©ii?itat& featal proMiifc 'I®

#111 w a  uv&a* «Mgsl# \mm osftogMittiNil*

Isil .̂m m  m &  %  & & l m *

inf tli# tsscMi fef #ts§ QtiS&m t e  t&ftsi* to m

teg© ' «?&§$$ tftfefe fcttb* |  |&  # f  *£&*& V M S  *&£&» 9M SH *.

m>& mmsi%wm§ mm I§  a& «Mf i  H «u&gftni»ito «$£$ * »

3fc« #cnifc*a&* «sra hawM m m  it miwtztomw# n f i M l f  tinte£& 

t%# m t® r paiefetoa tau* delves* «ift en& *  biwwa &uift 

In «3s® fc#«t M * #  f# tMs 30 go* «*at H&ktoqtm 

p m c m M * w m  ««M«w3 #f«jp W  4mop a& us fet- 69ag&*fe^jr cn&d£flft 

tlw «§s®4«? natto** M t «  «»I&ssg to vpq« £N|

ml of dU&M&ett wmmm' « t «  iM i i  *nd attain 1mk&£cp£ $*$ 

atonfe*#*-- *tw& %M ml «rtf i * &  $«e- eeat 99&$tfc£*8 <wf 

*K&3fta0$t* ia  w***# «N» « 0 M  « l « i  ««&&' ft?*S 4 *s& of ttss 

rnw&p&mi® i»&g«isft mm a£ti«& -mn& the 

stem?® wsji# mAm to I t f  ml voiuiws I® n w&qnfrtaflo &aa9s and- 

m$m& m il* 9Qtf$«ntt*$» t*«MWAfc%*ni3*. « f  fcl® «ol«wor 

<ftMs*£giaiS «m» raai && a $bo«aH&ttet«ta at €40



m m  im & ih  m flte®?* Steittefi

mfoa&temei tmm M- 4$siAlit.y ipfefwiass ft$K$&ogei»

g%g>4$fe&Mt m m  a|0$» tm m t©€ nitt t!»tsr tr&rigt**

«&%&Hgaa gaft&t&ga ware f w  etat ©fcaiiduM m m m ®

mvmsi&ee&im  ® f  p % £ s # p fc ife  p * « * v f e  i $  t i g e  « & e g & e  « > f s i  l i t -  

wssrs* uristQ waist ea&niiAfttt&i

*> pataA: ■ ISSi&cMrig&ai w#r© dte&artt&tttf In

£113$ tiottn t&in# mms&i® by % i t » $  «*■ f®«#M $ i f  101 m»tA»MS»

10 «& o£ rain* watqftsi «a» t&tgaia is* o, is© «& 'V«itupt&ie 

filtutite# m&m 9® &ro$» aitvla aaM and 8 $1 of eoSUi 

©a&itr&tea ao&tttlan «if a&ist waff* 4U&M-* fti#ii St eft.

o£ AtttRdsK̂  sliver ul.ttat'© %m& ft&ted tiftttofe

prftalflt&tsMf %fte Hftsar t&lowtng thm

fcg» $ w  1 6 * 1 $  m is a is t ,# #  i s  toh® thm w o l« o »  w a o

'mdm ttpta it® ®i ««#& witl* Mmi%l®<3- w&tar* ife® «s$»t«fei* 

£&&*&&*$ 4&$ «awli*<l £t«6 «f osJUl wt& the fiitrat,® along 

mm1$ *»Mfolit$|ft war<& qpaft&i £»*£*»& y e$J&<Mstc<& In 'a asi£

stwiaira fefciftwytmata awflaifciaa, t i l l

& toiaffc s?«$ ctfitSMp *&« #b%ain«a* Sfeiâ nr #f mi

#;t 4fe«iut&ra gilvar m%mtim aotBftily issr

SHMis>i%Ati^gf t.1# «s»t»rid«# tftum ©witipii#4 toy a fa&tft# 0*01 

$«** *$te oiMtHSft af la § grfttt&t in tl®s *&fqpl& o£

gillc lasua* ssrisi© tafctta fm* asmiyeia*



mm&l® s t i l l s  © o s ^ p w e  %mm sm t$m &  f o r

titttt felfev?£stft

4) Q & M  prpfesit}

4 4 1  BmM&m  a f t&  P i & f f o l t t  mttitnialt&

M i l  f ts s ia ®  o e i< 3  

A * )  f s s f t n . i

^  Mm®9tk e«aapM*i%A<m

fM tg&fi m m ^ :§ m ■ th« m tlm fttim z m ®  feritt&y

ftftmgii tM&otff

I I  iSfat&l... e w o ta la  ^ o a ^ h fe * Th® pae&on sttt!9g»3»*$ %r©r& 

safe tates s«l,i pimmm sni p@m l«€ aftoff thm f m m  mmpItttai# 

4 v £ i i $ *  f e s t a l  p a p ^ t f tA n  c te a & a m t  « f  t h e  # R » $ l e 0  w a a  d a t a M t a e f t  

f e f  a d o p t i n g  t & ^ M t e J k t f a S ia s i *

s

■im psr-fetim ©t &t«  m »  wm§&®@.

il&O  Aiife* a oleait «bm1 dried w &w a *

$  sii ©mKsenfci?&te«3 ®tslpl«r4© m lM  m m  lit 

g $ m f l t  o f  t i i g u t i o i a  . t t t t r tw w p e  w e x e a i ^ e i  t $  t b e  f i f e i i t f c *  $ fe »

w®m 0H is c11§»fel©& «rta&t

l i l t  the d&gsftfc feectttRe- Cilyas' with *& .«& £ & *  w t & M  ©s&omc*

M i «  cool Asms cwwteate t* *»$» teag^Atikffe they wer#

dilnfeet! with watea? #fti



m

t*» s* Mrntlllm im  wait*

» t f  p*» flwut sodium l^yd*o)tI.d« vm® -added till fete oanfefttsta 

a lk a ilM *  fheft tli® a w « i la  i£ fe*s.tM  mu® &tmm 

6iflfeU,Xad and ceiitogtad in 2© n& of 3 pst? ctaai bozrie aeld 

t$ win- added i w  dftega *»f nixed indicator fuufta&y

green end m%Wji «ii* &stm  tine m®§>l®tlm #.i 

tts® diefeiliafeioa* aessalt cralJLaeted An ftfs® a&id «fte

t&tra&ed again** 0*02 J| asid* Stoew tb* titv*

vai«* n lt£ $Q m  snmt m « &  <H&et&ate&* *8& get pei? ®m t,

gBtttfceio# f&ttfdgea |» r  «en% was gn&fc&$&ied b f  t1» § m % m

«*as*

dioHa? $&*ttaS *tae w s l  fur tin© de%a#isiiiBftlait e£ mtml. 

pgateia cxntfamt I® SJt*M?«riU& and eeciein jteaietiaiMi s i *£)& 

C£eM9tt*M»0«

*i> <aeeoa*s

saisfle# m m  cat lute pieeaa astd 4teied tgievaiagfrSy 

iia a deeieaafter* Jte #UUgtia& gorti&ti «s# %ii® caeaoa 

pieeea m s  ft&ea In a dial* to wM$ti SO tal ill

0.*$ ffsi? eastt typ&geKide m s  add&d and allowed t%»

iifemsii €m  2J tooure* % ’ tm * tJP«&taiwwafe «?:ic?t«s< dieea&wie 

into emllises fegfdff&xide* fb© <g&ftteats i*era later filsasfad 

ttargngii §®edh «ntuoitei# ®imS tlie veeidtta n u  m&hmS -igm •## 

alfeali* ffm .filtrnt® a&$&g with the wmhinm *m» m m iu llf



< © s s i i f f  a n d  wm  $ « $ &  @® % h o t  * m t a r

» & £ !»  'im  © o t ^ i o t o  f t i ®  a i s i l t 'm® t%.mn t#mm*

m  an mmm* M t m  dryiti$ fo r  J% hour 9# i t  %mn eoo&«4 
t o  xfooihi t«qpA9o%ii^# in  m aoft weigh*#* Ism «s»t1s#r
£l<$h* 150 i&L @f 0*2 p&r mn% -sta&im- h ^w m l i e  wmt t®km, - 

tfr£e& tlgm va^tty In ©u m m *  efcolofi to  t t m  
i*t a ̂ a&$s&t®& «*& weigh*#, 9&0 w»i$frt «f 

oodiws Hytir&tfcSft atofefti&o3 t^©» 19 «& of 0*2 p&r e«ttt ftagfttioo 

m s  tioduotad &e»a {wwloQtt nieigftt to  ca&feaifi tlio  %rei$!»t 
o f  o t f i e in  ffcafttioft in  tit* s i l l  ooeooo*

Itno rooidue loft In th© $o»t$» tscttoitoio fpots tbs aSsajw* 

was «&&af«&'Ly duiet *t îtbsonat At ta «A>«srr

eoo&od to S'#©® tft̂ pof'&tfisiro in a &o*i0aator and wsighftti* ®feis 

m® t&* of tho ailfc mmmn* ft® gtMKMnitwgo

aoopooltion of sotfieio waft fibroin im#* tfeiss >if»

f&o «ttn$&e« of oiite eooooft#* tli# g©t«i»S^tlon» v®£a tanî

iu»

4 ii ) oeld . .oWBaoa-itioott $**o ^imiift&otta^ fmpo* .

c3vvc^to$?o8fay tsat# itMfl' £&r th» of «il& go& kmi

a a ta p l f f ia  g a r  t tw s is r  o ib I h o  a e i f i  m s q p & a M o n *

8£m® 9%% tM- m aim  m M s &onM r»fe too gm&&mA lay 
m m  ©ssthod* two 4iffM ttfc  tootatiquoo «*»«o ooo® whlol* asf« 

&0S3gltMMS tool#**



m

j f y b m t L . 3brwoiM»«fe»» ft mf siXfs £$00059 vmiv <mtfc

titt$» r a il  @£6a&ft an#, thveughly dried# 9m pattern

t>£ S,#© to# -Qi ttm » @  woigMd anil *&» m

la as ifii 0M m  %ssts& t #  mWksh ®  $ t  # f  @ jg , W8U la s t

sp&|it$«0 m ®  «a#«$t3lly* e « i t s t g  M  %\& ttfb* m m

nAm& feftaiod alm&y m  m Mmm® mmm ws»l% tit#

nsfM fmm- mm® otsfe* Qt&m mm mkm m tMi 

w m  m  sp w tlH f * ■ w m  fett#

She »®tet tidi tK» mi€ &Bouto&t«di 4n m  m m  .at

11©°® &ar M  b a m »*  fWNs#r tti» fts&tfft&ysitt* t&e tsfes w #  

-mm®I## toy fepeafcta# apea tli# ts&si m& ttm mm&mm ware

&lt*r«d thm ^h  s»#l §IM«t $n£6» tefe© » SO «&

tomMfr Hi# ««&» m # gi&sed «sf®rsl fcimae «sM tfta %s»®tei*sf« 

wese® f&fe«r«& us&ag $1*98 <H«%£31(m3 Mm £il%ffa«* m&

W m  ^ s M - a i s  @ © & x « s © ft# t £ i *  fc fa *  ^  .w e r e  ■‘-.v.'.i m m  % * $ &  »

m tefe feifth f#a? ogHg&tftA © «p ^s ,a%l-©ii* t&» ds?y

*wsldiEN» St ml #f 0i«»9 wntsr wa# «#£&£ en# «$&

wffljpft ftgttia# -fhie

tftta fapa&tsi fwr w«KM!iai. %i©#s till $$ osift&s tywpvttrs ^tr# 

e99&«&$ trisitib M  C8m£i*K»£ » f  iitmts gtft&er

«m# ©1 ■»£ i#isS4*s g&**8 ii©fel,|iar3 wm «m  wa* a %0

t&e «s0sM ^*. a  sfiliaw fsf# r  fw t w » p . ataDi«e
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»  wim is/im  isfAmmVkmM u M  tm& tmnm &* wm

t e M  wit! tt&gr ftlU> It » #  fsrsi®: fisws 9st£& aa<3

t$$& utie## iii t&er&fcifcar* -of tfe* $*«$&$«&

®  fe w ©  m t  ipsfct®# m . t&t» f l M s r  ptgtaff# l w

Ar«iteijrafJi-f ■ « i  sfssti m£tim§

®pi%#s tif « *& &  I4 iil*

w «  a£iat*6$ t® fsar I® $#ur# in

Wm ££?#£ m%mn% «$ti X2 feeur® $m «b$ «@ SM . Its#

afe&gggtsftwa* tatfvttlqa* m ®  mm&. im- m $ & s M w $

t l i #  s s t!m  m M .® * f t i #  0 kwmmMm0 mm « $ ?  $ # $ ,« $ » -

w&fch nyislrftrlii asiatl^a- tstti m m  m%%mmM t# # rr  fef 

%*ft> M w a *  fH# w & m  m M k *&&% #  mspax*t# i «§f© 

f e y  # « f # a ^ i a §  t l »  #l f *  w & u & i  f « i i €  s is fe  I *  a  a t a t l w  m f  f c y

^  ©li^siast^apiiltsllf pam Iskjuii minm as&tf**

fit# <giani&t«t&«» *®ti^afe#s s i  fell# « £ « #  m $4®

m s  # » ©  fef m m f u t iw  * *&  m &  aiiiMstf to

■& ml m l m%0mm m%mkm t'm S few®# ft*# 

intMftiaitsr 0$ fell# « l « « f  tfets ««&#

to  & mim  a  p w

MiXmt i«»w » &«s»gtli $89 %t» l i t  ts£X&£*8&«n&it)* # » & * » * #

«arve« k w »  pf«#i!s»i§ f *  SO stiitio -taelis

n®iRf pm ®  & y  %© %lim earw ®  tfw*

qm m It f  « 3  «fts(ti «£  <&e » t i »  -ttBidte ia  *fe* *£tft i w s



m

ea lc iila ted *  fkss muMltft «»$vea0tt$ m  w&mogew &t 

e&csh «8E&nd m M  i i% i.0® o f  th #  sampl#* l i e  sgftHadi
€&g<3ri'fo@<8 atev« i#  tlu i $6® by

!atfc« I i f  SSI *

jainattisSB o f . tgvatOBfaaB* 100 «i&lA$r«6!l o f  I3*ti 
« 9 « » 8  pfcaowi «•*»  w*ti$nsd a®$ tratkftAunntfl in%o a. hoard «4®@© 
1 ^$ ro ly « is  tt&6 t& *&£<& #ifhfe «0. o f  § .J| i r i t i s  Ii$&!$p©8£<Ii& 
w&« e<M#£U ffe« tub® sitS alsova uttS
!»«&&%©$ a t  110°® 1ft «& #3s»cf&ie 9W » .far 24 ha«srs* Mfc«r 
m® t i ts  m &  tm s«a|e$* tig& arad ©mi €rM L
by fellow irsf tk ?  p a e s f l w  $mmxib&$ afc&m m&$*« aa id  
h j^o& ygia* 8S ^aetiUtfiprs o f  1&M ulUmtinm hyflgmt&mtm 

m lutei&n *?m  ©pastes «m m i$ . m & h *&  ^ m & m n  ®o»i. 

paper ozti chre^st^grs!® «a# m &  in  on* t i lro a tio n  os&y# 
&stft80l»*aea^te ao ifrfi^ tw r systua© was as®l £©s? t%«a M$NUftti&n« 
fliis *m» tm  f o r  I® $«v«iog^sfc o f  t f a
m o ** $4m ti£ £ m t£ ® n  m &  <ytfMfelftfttiv« ©ati®t.l©» of fcr^to* 

$hA» were «ar?ie&  <atrtt in  a w&f «« d e ta i le d  M t
fo r  ofetaar auslsi® a^ iS s it* m is  hyfecAyvafet* fae iitifio afc lo tt 
-Ms# $tHM»«£,fcat$'V& a&fcitsa&iem o f  «s&lis® g e id s  In f&fcweoija &&8 
^sri& te  fro stton ff o f  t4*e ajftk esmmten wa® <Son® fry tl** pm&&if«re 
<taM*&ba6 «»&«r aoi& fei^aroXfsi® a&$va«



m

i m  Mm thm

mi &&%%  c©@3©n# w@sr« bg\ «n®optsl^ t'h©
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M W t tlwa aaluticm  «  «ri«fc- % nSL o f «ra&s£ti®

isnl|iimt« » l  I  «s& # f $«6§ J| sa&isstt
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a w #  b « a fc @ $  Scar l §  i s i i t f i t a f e  A la M l l i a g  % » a t< ir  b a i t b *  t i t ©  ta fe ®  
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& ,8 8 &  tlm rnm m B m  m m  igm iteS im a. m t i l n  Simmm® at stout 
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m  mvmik cas&aaiosa* M t e r  fcfo® ©©isocm© »r«a for ,
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titaaw wlvo 4 «iii $ «IiMit©«s &©f@r$ t?mk&®§ tli@ emsoana* tar 

eacli trea&aasife there ware S 3f©p£i6afci«ma*
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anS good csoeoona* 3fc* ammot of aarioin Xoa  ̂ <mriA9 esswsisj# 

w &* by Qrn$m%$m *&a ataount o f  aaricia $ra*aiils i »
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tfesi roeXiiBi E®Qj>a»ty .of ailte ©ae»«ma aBfXsoiall^ tftoaa tfcafe ara 

sfteisi«s3 by strinatlon 'fey aillc ^ormm
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FI®.

9 - y fint f i l l  thr*»d , knot i *  im l l

«nd th« baveta or «ith«r »i<3« «r« not uniform.

10 - urina •tAitMMl silk thread. »•*•« «r« via* 
•part Aim to <H*»olufc.tam of Muricin b*tw*«n



FIG. 10-



Flq.

Pig*

11 •  Irrenular dissolution of aericin is 

clearly seen in urine stained silk 

thread*

12 •  Urine etained «ilk  thread* Snail knot 

found, but on either side fc»«ve» are 
uni for«*



FIG. 12.



P ig . 13 - ’̂ »rraal a il *  thread* 55 a vas founts quite 

on i fora throughout.

F l f . 14 - Urina atainari s ilk  cocoon#. iihrinHad 

arv* tlashaphad.



FIG- 14.



Flq.  15 - normal *ilK  o o ew n #

F ig . 16 - Campmrlaion of urine stained and good 
o e o a n s  .

(Hifibt hand side urira* stained cocoon#)
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FIG. 16.



Fig, 17 - Anino acids (by two dimensional

chrotaatography) in normnal milk
cocoon*.

Fig. 16 - Amino acida (by two dimensional

chroamtogr^phy) in urine stained
silk cocoons.
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19 - /vsaino acids (by two dimensional

chromatography) in fibroin of

normal silk cocoons•

20 - Amino acids (by two dimensional
chromatography? in fibroin of urina

stained silX cocoons.
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21 •  A»ino acids (by two dimensional

chrowatography) In sericin of

norraal aiik cocoon#.

22 - vraino acids (b y  two dimensional
c h r;m a tiK * ra p h y ) in aericin of

urine stained silk cocoons*
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l3««  of w r i c i n  d u r in .» aookltm doeu not »fjw»«r to  be 

affected  by urine staining of cocoa>ns.

(v) i ita K t ,

jaaafcftjasfl^ai^ Urine stained cocoons

were treated with d ifferen t  softening agents. Thay ware 

th»n reeled to O’*serve the total length of a ils  »nd number 

o f  cuts par c o c » n .  Tha result* ar« given in Table 12# 

Average total length of s i l l  reeled under d ifferent treat- 

rsent* were aa follows;

Control urine atained 

(but not treated with 

softening agents

btiiuis sulphite

iodiuw carbonate

Sodium hydr >xide

i 280 »ae ter a p^r croeoon

t 416 meters p«?r cocoon

t 376 renteri per cocoon

t 356 nietera par cocoon

Average number of cuts per eocoon reeled uswier 

d ifferen t  treatments were as followsi

Control

Sodium sulphite 

lodium carbonate 

sodium hydr w id e

19*00  cuts per cocoon 

0 *60  cuts per cocoon

1 2 .6 0  cuts per cocoon 

13*40 cots p*r cocoon

the observations w*re s ta t is t ic a l !y  analysed and the
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ta los of analysis of variance for total length and nuwbar

o f  cuts par cocoon ara given in Table V and VI of the 

appendix, The differences o' served between treatfients 

are found to be sta tistic a lly  significant* ‘Sodiuw sulphite , 

swiiura carbonate and sodium hydroxld« have all qiven wore 

length of a i l *  and leas number of cuts per cocoon When 

compared with control.

Urine stained cocoons were treated with *Taepol* a 

laboratory determent and a lkalies  lik e  sodium hydroxide 

and sodium carbonate. It  was observed that urine stained 

cocoons kept in * T e e p U  * for overnight sh:x-fed slight 

bleaching of stain* sodium hydroxide and sodium carWm ats 

were tried at 0*5 , 1 .0  and l.*> par cent concentrations but 

no improvement was observed. At hi her c >*tcentr«tion* 

dissolving action of a lkali was observed.

The followin'? solvent# and solutions were tried in 

cold as well as worm conditions on urine stained cocoons to 

remove the stnint d is t ille d  water, absolute alcohol, acetic 

acid , petroleum ether, acetone, chloroform, methanol, 

oensene 5 per cent, JKOTA 2 per cent and 5 per cent, formic 

acid# 5 per cent# formaldehyde 5 per cent, ascorbic acid 

5 per cent# sodiu*s cyanide 0 .5  per cent, hydroxy quinoline
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5 per cent* dithiocarbate 5 per cent# diethyl glyoxine

5 per cent and borate buffer* Mone of theee solventa and 

solutions could effectively  rewove the stain on the a iik

cocoon a caused by urination*

The treatssent v i * . f Heaping cocoons in hydrogen 

peroxide («S per cent) ami gradually raising the temperature 

upt > 65®C and then keeping in alcohol overnight re«»>ved 

stain on the c o c o o n  to a c o n s i d e r a b l e  extent. f i l o a s  reading 

was 3 .5  for normal cocoons, 3*0 for trentwl oooo »na and 

2*5 for urine stained ooc *?n». aefl^wctance reading waa 41 

for norwal ooeoons, 25 for the treated and 10 for urine 

atained cocoons* Tha instrument reading wa» previously 

adjusted to 100 with standard rsagnssium oxide block*



DISCUSSIUN
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CHAPTER V

d is c u s s  r w

It  ia stated earlier  that l it t le  work ha# been done 

on the probi«m of urination of a iik  worm and its effect  on 

the quality  and quantity of silk  reeled from tha urinated 

a iik  cocoons* It  ia therefore d iff ic u lt  to compare the 

reaults of the present investigation with those published 

elsewhere.

i* &&•«.<&.5tf. Mwl<* jmajPMifeftc., aJLxaim.to.j&mitaa«tQ....aa
m t o U a a L fe z .jL U a jg a a g

Pros) the results  of humidity and p«rcentage of stained 

cocoons recorded (Table I ) ,  it  could lie observed that with 

the increase in  humidity in the atmosphere the percentage 

of urine stained s ilk  cocoons also increased* r'uring the 

rainy days generally urination problem is  severe because of 

the high humid condition coupled with fall in atmospheric 

terser at ure. >ankowska and Kalyniak (1968 ) found that high 

humidity caused more yellow staining of silk  cocoons* 

According to Kuraararaj (1969) high Humidity coupled with law 

temperature results in  heavy urination of silk  worms*

;adhava Kao <1969) also reported that otaining o f  s ilk  worm 

cocoons is more during rainy season.
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Diuresis  in  vertebrates aa well as in  invertebrate* 

ia controlled toy secretion sMP a hormone and thia  physio- 

logical process is  affected by temperature and humidity.

Low temperature and h i^h  humidity are found to bring about 

d iu res is .

adrell (1954) found that the profuse d iuresis  in 

fifth  stage larvae was caused by the release of a d iuretic  

hormone into the haemolymph. I*ater in  I ‘M 3  Hadrell 

demonstrated that the d iuresis  in insect:* was caused toy a 

hormone released into the hae"»olymph. He aleo found (1964) 

that the urination 1# very sensitive to changes in temperature 

ami that both the rate of urination and the composition of 

the urine are affected by changes in temperature. H ills  

(1967) noted that temperature had profound effect  on d iu re s is .

From the above discussion it is evident that d iu resis  

is both temperature and humidity controlled because the 

neurosecretory cells  which secrete diuretic  hormones are 

stimulated toy Its# temperature and high hum idity.

when the nutafoer of worms per harv:rlke were recorded 

(Table 1 ) it  was seen that less  number o f  worms per mountage 

would minimise the staining of cocoons especially  during 

heavy rainy days. The correlation co- efficient worked out 

between the worms per Chand-rike and number of stained cocoons
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is found to be positive  awl fa ir ly  high (0 .7313  revealing

cocoon s
that more nunher of would be stained with increased

population* In  a » handrike when the nuraber of worws 

decreases* the space between cocoon* increases. nance the 

incidence of urine drops fa llin g  from spinning worsaa d irectly  

on other cocoon* w ill be leaser than that of thickly  

populated aountage.

2 .  ^ o n a U tu e n te  o f  s i l k  wort* u r i n e  i

•'■hen a ilk  worm urine c , m i  in contact with c >eoons a 

sort of deep yellow brown I eh attain on cocom a ia  found, 

o« drying* At the tiwe o f  reeling the a ilk  thread from 

stained cocoona breaks too often . This reduces not only 

the quantity of s ilk  reeled but alno its quality  due to 

chemical reaction , which affects  the natural colour and 

strength of a ilk ,

Silk  won# urine is alkaline in  reaction* Ita  average 

pH is 0 .6  (Table 2 ) .  This alkaline  nature of the urine 

appears to he responsible for break# in threads while reelin g . 

The a lk a lin ity  of the s ilk  w:>r«» urine dissolves the sericin  

coating o f  the fiiaraent in  patches which results in breakage 

of s ilk  thread whiles reeling (Kutnararaj 1 9 6 9 } .

? ?tol nitrogen content o f  s ilk  worm urine is only
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0 .028  per emit (Table 2) * However the total disaolved 

Material in urine in considerably more (2 ,31  per cant5*

Thia ia duo to high concentration o f potassium, calcium 

and sodium (9300 ppm, 375 ppm and 95 pews respectively' in 

tha urine* Since all thaaa would be in ionised state, the 

electrical conductivity of aiik worm urine ia also hitjh 

<5 milimhos par cm) • Phosphates, suiphat*a and chloride* 

are also fount! to be in fairly  hich amounts (4*350 sk? per 

100 ml, 8 .2  mo per 100 ml and 0 ,6 0  mg per 100 ml of urine 

respectively) *

The major constituent of aiik worm urine ia uric acid.

The concentration of uric acid in the pooled sample of urine 

waa found to he *6 ,927  per cent, because of thia fact, 

several workers thought that uric acid «i'*ht be responsible 

for the characterIatic yellow atain and filament breaking 

in the urine stained c woona {Rowans 1037 and Miratsuka 1967 ). 

Though the silk  worm urine contains about 70 per cent of 

uric acid, it ia alkaline in reaction* Accordino to f'awk 

et s & ,,$ (19545, uric acid form# two classes o f  salts neutral 

and acidic* The neutral potassium and lithium urates are 

easily dissociated and ere formed into easily  soluble alkali 

salts while ammonium urate is more undiaaociated and i« 

d ifficult^  soluble hence the pll of the urine Is alkaline in 

nature. However ftumararaj (I960) applied pur# uric acid
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on cocoons ami observed that par* uric  acid applied cocoons 

did  not produce any characteristic  br iwnish yellow stain 

aa compared to that of a ilk  worm urine applied cocoons. >n 

the >th«r hand it  was observed that any a lkali above ij| 

c »ncentration would produce th# sim ilar bro«wr»i«h atain on 

the coco m s . This reveal a that it  Is  th# alkalin® nature 

of the s ilk  worst urine that in responsible for the brownish 

yellow stain on the cocoona.

3. £8o b & U & j t t i m u s z m M & i a j L  M l . *M & *

<*) .isstelf t «

aaricin and fibroin  are the tw > wain protein constituents 

o f  a ilk . ^*ricin , a $\m like  fraction forws the outer 

cover whureas fibroin is the true s ilk  and for sis Inner stoat 

layer. Sericin  in s ilk  cocoons is found to be 2 7 .6 0  par 

cent in  good cocoons and 2 6 .2 4  per cent in  urine stained 

cocoons (Table 4 ) .  Th«re ia  slight loss of s#ricin  in urine 

stained cocoons* This may be due to partial so lu b ility  of 

SRrlcin in a i l *  w>r» urine . Fibroin in norwal and urine 

stained a ilk  cocoons is* found to be 6 0 .9 1  and 9 6 .9 9  per cent 

respectively* flora also there ia a reduction in fibroin  

content of oocooaa* Theee resulta indicate that silk  worm 

urine <sffact# not only #ericin  but also  fibroin fraction 

of the silk* *lraieu (1957) observed that silk  fibre  tsainly
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consists o f  fibroin  (70-80 per cent) and sericin  (20-30 

per cent) and !'?anavnthi (1985) haa reported 25 per cent 

sericin  and 75 per cent fibroin  in mulberry s ilk . The 

results of the present investigation thus aqree with the 

observations of the investigators referred above*

MorJtekii

fib r o in * Inorganic constituents are found to be wore in  

urine stained o e r n i  coshered to thoao in the normal ones* 

This ia expected, The analyses reveal that both sodiura 

and potassium in s«ricin  and fibroin of urine stained 

cocoons are wore* This ia due to the hieih content of 

inorganic substances present in s ilk  w>rw urine , which w ill 

add on to the cocoons when silk  wor*>s urinate* Potassium 

content is very high in the s ilk  worm urine and in urine 

stained cocoons* As a salt  o f uric  acid potassium urate 

in the urine beinr? alkaline in reaction reacts with the 

s ilk  and causes staining and breakage of s ilk  thread during 

reeling*

*e> Protein constituentB ->f niXK gHM bicn  According

to Miaiasu (1957) s ilk  fibre mainly consists  of two proteins#

which
v is ## fibro in  and aericin  /  endow a iik  with a dualaetie 

structure Which is not se*»n in other nrtural and synthetic 

fibres < anavathi, 1965 )*  Jericin fraction of s ilk  contains
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las# percentage of protein than whole cocoon and fibroin 

fraction of #ilk am! fibroin containn high o«rc*mtage 

(82-86 par cant) of pr tain (Yable 3 ) ,  urine affected 

aaricin and fibroin fraction# and whole coco m# contained 

comparatively lea# amount of protein than aaricin and 

fibroin fraction# of nuenml whole cocoona* This can ba 

attributed to the denaturatim  of the ailk protein# by 

alkaline nature of ailk worm urine*

(d) La vejai Of J-Uk._gagaaaa»

It  i# po##ible to differentiate the cocoona into three 

layers# viz*# an outer cover# mid H e  portion and inner core 

(>?o#her, 1934)* Thi» diffarantiation in helpful in a clear 

understanding of the binding of aericin and fibroin on the 

cocoon* Ueriein and fibroin ware estimated in these three 

layers separately of the urine atained and good cocoona*

The results ( fable 8) show that fibroin owrcwntage is leaa 

in outer cover and middle portion of urine atained cocoon#. 

It  la almost the aarae in the inner core* Thi# reveal# that 

fibroin in inner layer of cocoon was not affected by #ilk 

worm urine* the fibroin percentage i# found to increase 

toward# inner core whrjrea# aericin content decreased toward# 

inner core* Fotaesfiura# cnlcium and #odluw in #«rlcin of 

all the three layer* of urine wtained cocoona ware more than 

in the good cocoon# (Table 7 ) ,  The inorganic c »n#tlt«ent#
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are al so fouifcl to be more in fibroin of ail the three 

layers of urine stained cocoons than that in normal cocoons* 

Tha resulta theref>re ravaal that urine stained cocoon* 

are enriched in the mineral Witter as these inorganic 

constituents are more in aiik worm urine*

<•> Axtent M .  a»MlI».UgLP ..of__ftiI.H,j#arja..ttrinft» *t la 

important to atudy the damage caused by silk worre urine on 

different layers of cocoon by studying tha extent of 

penetration of urine in cocoons* Uric acid was estimated 

in each 100 meter length filaments of both urina stained 

and normal cocoone. The results show that traces of uric 

acid could be obeervad only In outer 100 meter lenqth of 

fibre in normal silk coco m e . Xhereas in urina stained 

cocoon* more uric acid is present in the first 100 meters 

of fibre and it gradually decreaaee towards inner layers 

and it ia almost absent in the fourth 100 meter length of 

the silk  filament. It  may thus be seen that silk worm 

urine may penetrate the cocoone unto 300 meters# i .e .#  3/4th 

of the cocoons but it* concentration would be considerably 

mare upto 200 meters# i .e .#  almost half of the cocoons*

This implication waa observed while reeling the urine stained 

cocoons# when up to about fir at 150 to 200 meters the reeling 

was very d ifficult  ana thereafter it was co«3paratively easy.
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<f) M in ?  acids in all Hi The analysis of whol# 

eocoons and »<*ricin and fibroin fractions of s ilk  has 

indicated the presence of at least eight a* n amino a c id s ,

On comparing the results  of analysis of tha said throe 

fractions of s ilk  in respect of their  amino acid composition 

as affected by urination# it  is observed that while sericin  

of the c >od cocoons contained n il  the eighteen animo acids# 

the s«*ricin of urine stained cocoon* contained only thirteen 

ataino acids* The amino acids which are found ««i swing in 

the sericin  of the urine stained cocoons are aspertic acid# 

cystine , glutamine# glycine ami serine* The amino acids 

present in the normal s ilk  cocoons eawoaratively in larger 

amount are alanine# cystine# leucine# oethionine# pheny­

lalanine# threonine* tryptophan and tyrosine. Tyrosine# 

glycine# phenylalanine, proline* valine# tryptophan# leucine 

and me thionine are found to >»e raore in fibroin than in 

sericin  fract ion and whale coco *n. These findings are 

similar to those reported by  <*enedo* &£  3I * .  (1^50)#

Hric teux-*' r eoor et, a l . .  {I95*ib> and Hagaraj and Hasavann*t 

(196V) as far as the arsino acid composition of whole s ilk  

cocoons# fibroin and sericin  fractions of B i lk  is  concerned* 

rtlwtawitt# glycine, phenylalanine# proline and threonine# 

in whole cocoons were not affected toy urination by s ilk  

worn*. However# the regaining amino acid contents wore
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r e d d e d  by urination .

The amino acids that are found affected by urination 

are raostly thaaa wbaae PI values are in neutral to acid  

range* Tha urine as reported earlier  has pH in alkaline  

r mimes* Therefore vii»n these atttino acrid a cowe in c m t a c t  

with the a il *  worn urine they behav® like  an anion and 

fora aait with potasslui* and sodium of the urine and they 

qet d issolved , Apart fro» the stain  inf? of the s ilk# breakage 

of s ilk  thread duri**ti reeling of the urinated cocoons can 

he attributed to the d issolution  o f  certain  amino acida of 

the a iik  proteins in the urine.

In  the present

investigation aericin  of a iik  cocoon is found to contain 

stare carLvjhydratea than fibro in  and the whole cocoons* 

fibroin  and sericin  of urine stained cocoone contained leas 

carbohydrates than fibro in  and aericin  of norraal cocoone, 

and s ilk  worm urine lowered the carbohydrate content of 

aericin  to a greater extant, store than that of f ib r o in , 

nlilie in aeric in , carbohydrates are found to have been 

reduced by 53 ppra due to urination . In fibroin  reduction in 

carbohydrate content is  only 14 ppra. In  s ilk  fibre  sericin  

for aw the outer cover* Therefore it is first  reacted by 

urine and 1 iaes its  carbohydrates* (rarboh/drat es* and
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nitr:«|*nou* const ituenta o f  urine af*p*ar to under<10 

raaillard type of reaction, producing brownish yellow 

stain  on the cocoon*•

<*) **»* 

bar! * f f *c t a  of urination are reflected on th *  reliability  

of the af£*ct*d  cocoons which lessen th* Marketable product 

of the ailk  industry. The r*ault«  of th* reeling  experi­

ments th *r*fo r*  r«*v»al th * extent and nature of daman* 

caus*d du* to urination by silk worm.

The silk  thread of the urine stained cocoon* do not 

unwind fr*®ly a* in  the case o f  the normal cocoons. Ther* 

w ill  b *  s*vera). cuts in the thread. Th# urine stain*d 

cocoon* have therefore poor r e l ia b il it y .

A r t if ic ia lly  urinated cocoon* were st«aned for five 

d iff*r *n t  times and also cjoked for 2 d ifferen t  tim ings. 

Results (Table 9'> sh?>w that there i*  no significant 

difference  between th® two tiroes of cooking on r e l ia b il it y  

o f  urine stained cocoons. Loss o f  sericin  during cooking 

was studied. o variation  in the loss of *«r ie in  is  noticed 

b*tw **a  th* urine stained and normal cocoons. The urine 

stained cocoons were subjected to reeling  test after different
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number of day* of urination trseteaant* ?iu«h#r of cuts 

par cocoon while r# # llm  gradually in c r n s w d  aa the number 

of daya inoraaaad after  urination treatment* However* the 

number of cut® remained constant from fcth day o f  urination 

onwards, Tha results of on© day urination treatment and 

steaming for fl lainutae aav* mlniraure number of cuta pmr 

ookkkmi during reeling* 8ut th# 30th day urination treatment 

and steaming for 10 «»inute a gave maximum number of cuta 

per cocoon during ratline?. JilK cocoons that w»r© in contact 

with urln# for more n u ^ w r  o f days, naturally  qava more 

cuta during reel ing because there was more tins  for chemical 

and microbial reaction by urln* on s i l *  thread.

observations w«re recorded on total length o f  thread 

per 9 )0 >n when d iffe re n tly  treated cocoone were reeled* 

Although no relationship  could foe established between the 

length of thread p«tr cocoon anti number o f  days after 

urination treatment, it  waa observed that in  funeral* all 

urine stained cocoons cave leas total length of s ilk  thread 

per cocoon than the unstained cocoone* Here again , the 

shorter length o f  the s i l *  thread in  th# urine stained 

cocoone is  due to the chemical and microbial action of urine 

on silfc waging it weafc and thus also  account1 ng for worm 

number of cute during reeling*
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- i P A - a m U x jtiudBeAjBasaanBj. *n addition to

tiw reeling  experiment on th© a r t i f ic ia l ly  urinated c x » n « ,  

th# reellmr • x o « i m n t i  w»re also eosiducted on naturally  

urine stained c r o o n s ,  Reeling- o f  naturally  stained cocoon® 

for periods upto 8 days after urination without stiflin o  

fjav# better results than sim ilarly  treated eoeoone but 

st ifle d  by different method«* Number of cut* per cocoon 

during real inn increased in the following order# t’orwal 

unstained coc *o?ui with «ti Cling ( 0 .7  cut per cocoon on an 

average), without s t ifl in g  (4 *20  cuts per cocoon), hot air 

s t iflin g  (1 0 ,6 7  cuts par coc xwi), steaim » t if l in g  (1 2 ,2 0  cuts 

par cocoon).

Stiflin g  of urin« stained coc >ons therefore caused 

wore number of cuts during reeling  and it  should he avoided* 

This is because durinc s tiflin g  dissolution a c t i w  o f the 

urine acts an eerie in of sills sod dissolves to a greater 

extent during s t iflin g  and results  into the discontinuity  

of the thread* Thu® th© irregularly  disperse*! sericin  way 

become hard on drying When stifled  and this may hinder the 

smooth unwinding of the s ilk  filament while reelin g ,

Microphotogreph* ( rio,7-l6't o f  the urina stained silfc 

filament clearly  ravaal the irreqular distribution  and 

dissolving action of urine on » « r ie in .
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M u n fo s r  o f  c u t s  p « r  c o c o o n  w h i l e  r e *  1 i n q  i n c r e a s e d  a *  

t h e  n u a b e r  o f  d a y s  a f t e r  u r i n a t i o n  i n c r e a s e d ,  i n  e a s e  o f

■ t e a m  o t i  f l e d  a n d  h o t  a i r  s t i f l e d  c o c o o n s .  **«Tiw ever i n  c a s e

o t  c o c o o n s  w i t h o u t  s t i f l i n g  t r e a t m e n t ,  n u m b e r  o f  c u t s  d u r i n g  

r e e i i n c  d i d  n o t  i n c r e a s e  w i t h  t h e  n u m b e r  o f  d a y s  a f t e r  

s e c o n d  d a y  o n w a r d *  i ? r l n e  s t a i n e d  c o c o o n s  c o o k e d  a n d  w i t h o u t  

s t i f l i n < ?  a f t e r  o n e  d a y  o f  h a r v e s t  g a v e  r e e l i n g  s i m i l a r  t o  

t h e  u n s t a i n e d  c o c o o n s .  T h e  r e s u l t s  o f  t h e s e  r e e l i n g  e x p e r i »  

r a e n t s  t h e r e  o r e  i n d i c a t e  t h a t  I t  w o u l d  b e  m o r e  c o n v e n i e n t  

t o  r e e l  t h e  u r i n e  s t a i n e d  c o c o o n s  w i t h o u t  s t i f l i n c  w i t h i n  

fi t o  9  d a y s  a f t e r  h n r v e s s t i n g ,

fefhen u r i n e  s t a i n e d  c o c o o n s  a r e  s t i f l e d ,  t h e  d i s s o l v e d  

s o r i c i n  b e c o m e s  d r y  a n d  h a r d  w h i c h  i s  m a i n l y  r e s p o n s i b l e  

f o r  h i n d e r i n g  t h e  s u n o t h  u n w i n d i n g  o f  t h e  f i l a m e n t .

" r o w  t h e  r e s u l t s  o f  t h e  a b o v e  t w o  e x p e r i m e n t s  i t  m a y

b e  s t a t e !  t h a t  s t e a l i n g  t h e  h o t  a i r  s t i f l e d  c o c o o n s  w o u l d  

h e l p  t h e  r e e l i n g  o f  u r i n e  s t a i n e d  c o c o o n s ,  >n t h ©  o t h e r  

h a n d  i f  t h e  c o c o o n s  a  r e  s t e a m e d  w i t h o u t  s t i  f l i n t ; ,  r e e l i n g  

w i l l  b s  m o r e  d i f f i c u l t *  E i t h e r  t h e  u r i n e  s t a i n e d  c  » c o o n s  

s h o u l d  b e  s t i f l e d  a n d  t h e n  a t e a r n e d  b e f o r e  r e t - l i n < >  o r  t h e y  

s h o u l d  b e  r e « l e d  w i t h o u t  s t i f l i n g  a n d  w i t h o u t  s t e a m i n g  b e f o r e  

t h e  e 'w e r q e n c e  o f  t h e  m a t h .  f « a t t s r  s s e m s  t o  b e  b e t t e r .
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<c) i i C f . » ^ C * R » U . i y ; . . n a & n f r *

on a ilk  c i c » n s > It  is stated a >ov« that breakage of 

silfc filament while reeling  is  due to the hard inelastic  

nature of the irra ularly  dispersed aericin  in th* urine 

stained cocoons, It  way *>* ooaainle that softenino aoents 

would ease the re e la b ility  of auch stained cocoons# Results 

of the stu d / of th© effect  of softenim* agents ("fable 12 ) 

have Shown that eodiem sulfite  would nive better effect  

than sodiura carbonate and sodiuf? hydroxide# Medium su lfite  

treated cocoons reeled almost sim ilar to that of non-urine 

stained cocoons# >tained cocoons treated with all the 

thre* softening agents reeled better than the nan-treated 

urine stained cocoons# However sodium s u lfite  treatment 

in cookim? water crave wore length of thread end less n w a tm r  

of cuts per cocoon, iodine sulphite is a wilder reducing 

aqent# Tts effect i *  therefore More gentle and better* 

iodiuw carbonate and sodiura hydroxide hein*-* wore alkaline  

in nature would cause drastic e ffect  on s ilk  thread#

s . M m c a k Jk L M te a L .jaaAm

5>eep yellow staininn of cocoons due to ailk  worw urine 

on saountagee is a mejor factor in reducing the quality  of 

silK: and subsequently also  reduces the m&rket value o f  the 

coco »na. Though stain on the eocoons has no aooricieble
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effect  on th« final dyed silk* th# stained cocoons and tha 

raw s ilk  reeled oat o f  such oiooors fetch less  prlee in tha 

mvkmt, Mot many workera have reported on thia aspect o f  

tha improvement of the urina stained a iik  cocoons* Results 

of tha laboratory scale attempts raade by the author in this

regard are b r ie fly  discussed below.

If

Attempts were made to remove the a Ilk  worm urine atain

by using several polar and non polar solvents inworm aa well 

aa cold condition#•

1 Teepol* a laboratory detergent haa be<*n found to 

remove the atain only to a certain  extent. The stain could 

not toe removed completely by treating with *Teepol" .  Several 

other solvents ussd slso  did  not give  satisfactory  resu lts . 

Use of hydrogen peroxide for h a lf  an hour and then keeping 

the cocoons in  alcohol overnight and rinsing  with d is t ille d  

water gave comparatively better r e su lt . The gloes aw! 

reflectance measured for normal» urine stained and treeted 

cocoone ahow that the cheraicel treatment would ap^riciably  

improve both gloss and reflectance of the urine stained a iik . 

Thee# results indicate that the urine atain on the cocoon 

could be removed a w #  satisfacto rily  by hydrogen peroxide 

treatment. Bleaching action of the hydrogen peroxide ia  due 

to the oxidation of the yellow pigment of the urine to a 

leuco compound•
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O W T I2R  VI 

SUMMARY

It  is well known that yellow staining of o o q o q o i  in 

to:>untef?es is due to urination of silk worms durinc rainy 

days and when there is high huw idit/.

Problem of silk  ware urine staining of cocoons ia 

savere mostly in Myaors State# since th# raui tiv>ltln« races 

are cultivated in the tftate ail round th« yaar. Clinatic 

onvir jnment during the per iod between the mountino and the 

c »wpletion of cocoon spinning of th» raatured ailk worns 

especially durine th<» first 30 hours period after mounting, 

has much to do with the quality of the cocoons.

According to the available literature, the oroblew of 

urination also exists in Janan and other silk  producing 

countriea. However it is not so serious in other countries 

as the mounting techniques are well developed there. ?he 

problem of urination is therefore concerned with proper 

uodern «ounting technique* and tasintenance of qood sanitation 

on the silk farms* In order to improve tho situation, the 

present cocoon infj frames esroloyed in Mysore State tau*t be 

changed to those raade off semi moisture absorbent fa.nteri.al •
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It  should be aiwilsr to th® rotatory **ounting technique 

o f Japan# in Which sow* of the absorbing materials ilka 

straw mat or pa par are also used, Silk w*rrca mounted in 

this turning fra»e spin ooooona of auparior quality, Tha 

other easy aithod to eliminate m-vm of tha spilled urine 

is to keep tw> TOuntatjt* in an inverted *V* shaoe, This 

also avoids direct dribblinn of the urine on th* cocoons.

The only alteration needed in this caas Is that tha mountages 

must t>e in a position to ke**p on the four sides giving 

equal interval to all the sides, Removal o* the urine and 

fasces once or twice during aoinning staoe would also be 

of much help,

*

Alkaline nature of the urine is mainly responsible 

for the breaksn* while reeling, v«r crowding o^|the silk 

w^rms in the mountaqes should ba avoided particularly under 

high humidity condition. This will rediice the incidence 

of stained cocoons as there will be sufficient gap between 

spinning larvae and the cocoons foread already, Controlling 

the atmospheric humidity on laroe scale is not possible 

under village conditions, Thottcjh silk  worm urine contains 

70 per cent of uric acid* urine is alkaline in reaction,

iilk cocoon mainly consists of two prot©inaciou* 

substances called sericin a gummy fraction which forrss the
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outer cover and fi'>roln a true silk , They *r® present in

th« proportion of 27 ,60 per cent ami 60 ,91  per cent 

respectively, Jiinerals# araino acid** total protein and 

carbohydrate* in silk cocoons w r *  anal /aad, iilK worm 

urine affect* not only sericin content but also fibroin 

content of the cocoons, Urine stained eoeoodfi are found 

to ha rich in mineral constituent*;. Protein content of 

silk cocoons is reduced due to urination by silk worms,

Silk cocoons can be differentiated into outer cover# 

middle portion and inner core, 'nter lnye«r of cocoona 

seems to be wore affected by urine of silk worm than the 

Middle portion and inner core, l^ricin  content ia «ore in 

tha outer c msr and fibroin content is more in the inner 

layers. Urine is found to penetrate upto first 200 weter* 

of silk on th© cocoons.

As many as 16 amino acids are identified in silk 

protein, Fibroin is rich in many of the amino acids, 'o«e 

of the a^ino acids are found to be affected by urination. 

This is particularly so in case of sericin protein. Sericin 

of silk cocoons contains more carbohydrates than fibroin 

or whole cocoon as such. Effect of urination by silk worms 

on carbohydrate content of sericin Is found to be more than 

that of fibroin.
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T illin g  experiments were carried out to find a better 

method of reeling the urine stained cocoons. d e l i n g  become« 

d iffic u lt  a s  number of day# after urination increase#.

:3teaming the urinated cocoons is found to have some favourable 

ef  fect on their reelin'?. The best way to over-c nae the 

problen is to reel the urine stained cocoons without stiflin g  

before emergence of the moth. Pew softening agents wort 

tried to ease the unwinding of filament* while reelin g . Wse 

of sodium su lfite  added while cooking the cocoons is  found 

to be much useful in easing the unwinding of urine stained 

cocoons at the tims of reclines, A correct composition of 

cooking watsr using sodiua s u lfite  aa softening anent may 

be worked out to get better r e lia b il it y  of urine stained 

cocoons.

Many solvents were trie<! to remove the urine s ta in .

Keeping cocoons in  Hydrogen peroxide for about h alf  an hour 

and then keeping over ninht in alcohol waa found to remove 

the stain  to an appreciable extent.

Aa a suggestion for future line  of work in  this  regard* 

effo rts  way be made to breed the resistant races of s ilk  

worms, which can withstand high humidity without affecting 

the cocoone by urination . Better cocooning frames may be 

developed using semi~absorbent material like  straw or paper#



irfhich can b* replaced one* or twice during spinning stage 

of the w>ras. A suitable wethod fr»r reeling the urine 

stained cocoon* without stifling may also be developed.
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