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INTRODUCTION



FERRODUCRION

Enghanting end souberating in apseal eilk hes equally
a romantic higtory. Although referances in ancisng Sanghkerit
litorature point ouk that India oultlvated soms kind of eildk,

it ds wo Ohing the world oves dlscovery of mulbsprry silk.

In India pldlk culrure dates to antiguitys. Holberyy
oulture spread to Indis by sbhout 340 3,0, from Ohins theough
Ehotane. The cultivation of siik firet Dogan in the sreas

Flauking the rivers Nrabmapubve and Uanges,

Sariculture bedng one of the lnpordant industzies
provides cocupation €9 about five million people in rural
areuns In geriain parts of Indin, oilk irdusiry slays a
minor vet a remarkable vole in serving the rupal seonony by
providing subsidiary sooupation. 3Hith the marging of Eollegal
taluk in Mysors in 1986, the gtate i now the Blguest
polyealiinge mulbersy silk oroduger in Indis. The silk
infustey in the State is coneentrated in ths districts of
Rangalore, Rolar, Mandya, flysore and Tumkur and to a swall
axtent in Delgaus, Bellary and Coorg. About three wililon
petple are @&vivin@-@%mix Livelihond from this notural fibre



Pile io a wvery fine strand of fibre, It is a
g0lidifing protein sagretion produced by certmin ontevs
pillines 4o encase thamnelves in the form of covonns,
Japan was the first country €0 uss scientific methods in
cultivacing the silk worss Jopsn has therefore, slvaye
rared highest in the production of fins silk, although
ooed guality silks ave produced in India. In recent past
dapants silk i declining in workd market apd at the name
time Indisn &ilk is walving coneiderables lead., Hencae, it
ig hiighly necasmary to give yaW¢méumﬂ attention to improve
the guality. Sxperissnts have shown that the coooons of

. mord Linn, produce the Pinesy guality odilk, About

75 per cent of the mulberry silk produced io Indis is from
Hysore State. Almo, Hysore State has its distinct name

for its quality siik.

When farwers ectarted Tsaring =11k worms, mony diseased
wirms and defsctive @ﬁﬁ@@bﬂ-ﬁﬁéﬁ&tﬂﬁ, thersby affecting the
proade of finished silh goods, However, application of
salence helped to find solutions to smme probless such ag
the dissases of the ailk worme and formation of defective
sogoons faeding the ssriculture industry. Mpong the varioug
prablens aaam@iaﬁaﬁ~m&%& silk worm reaving, urisation by

satursd gilk worms g an iwpordsnt ong for which aatﬁmﬁﬁataxy



golucion s pot yob Raowils

Guring inclement weatheoy pericds, especislly during
the eysloniec storms sgovreing condinunugly for thres to
aevan dave, the winavion or liguid szorvetion by silk
woras takes place, Gtaining aﬁAcm@nﬁna on aocount of excess
wrination by maturs and spimning silk worme, Bonbyx sord
Linne. in nountages is & snjor pooblewn partloularly duving
pongoon sonths and in hunid wasthere, Brathkage of filanents
while reeling in cese ©f silk worm urine stalned cocosng
are wored ond the warket rate of such encoons ig consideradly

1w

In view 0f the above probles of gilk industry, an
attenpt was wode to investigate €he ways and weans of
reduoing tha immsaﬁ dne o urination. TYhe findings of the

investigation are presented in this thesis,
The aain objectivesof the study warss

i) the conditions which lead to urination

in 841k wore

i1} €o study the techoologleal sspootes of
minindeing the extont of silk domnge

due to erinagion by sultable moumbing
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and vealing mothods nid

434)  to epudy the mechods for the ramoval

af prine otalng on he coonolis,
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CRABTER IX

BOVIER OF LITERATURE

Thore ig not much literature available op this
subject owing o the povulisrity of the problen. This
problen hse gathered sttentdon of the soientiata in Iadie
vgwy‘weaanﬁkyu whereas sone attsmpte have already heon
sade in different puvts of the world espeoially ia Japas,
Bovause of this reaeon wost of the Literature reviewsd
hare are from the forelgn anthors and we find very faw
Indlan suihors contributed on this subjoct. Hessarch
work osrrisd on the oomposition and effect of silk wnxm 
uring 6n:zaa1ahiziﬁy=a£ gilk worn eocvoone iz reviewed,
Hethode of controlling wrinstion of 2ilk woron, and

rapoval of urine stain ave alsn discusnaed,

1. Hrination of silk worn {(Jowbyg mori Ndnned s
Roolability and quality of grine stained coosong is
sonaiderably poore This problem avises an the ilk worms
urinste during spinning stage. It is therefore necessary
to roview the envizonmantsl, physiologicsl end tecknologicsl
conditions under which the urination of eilk woras csn be

razulatad,

The main function of the malpighian vesdels i insects,
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amwzmg' o Wigglesworth (1931 is to eliminate free
it acld with a nindsun ioss of watar, while himizo
{1934} showad that the contents of the walplighiso vessals
of the silk wors lavwa give pegative teot with tho Polin'a
urle aocld pesgent in any larval stage except mﬁa which

is already patured o bocouwe prespups,

Huwana {3937 Zound D.0L to 6.18 mg of uwic acld
axceeted per howr from the wﬁg&ghim verzale of silk
worr Larva, though the quantitlies excrstsd varied accopd-
ing to the developmont of lLsrva, He observed thet four
day larve of the fifth stage sxoreted 2.4 wg af uric acid
pey days Hiratsuka { 1%‘!} confiracd thet wic aold was
excretod by the silk worm lavvas ae in other insects, and
it vap 2.4 wg & day in the four day lavva of the fifth

BEAUG.

%atﬁm&h& and Xalyniak {(3068) noted an inorsase in
the nurbear of urine stalosd oocoons when the lsyvae of
Bovlaws pord, Lise, were fed with frogen leaves of mulberry.
They aleo obsapvad that larva took move time do complete
spinning, when thay werse fert with Erosen leavads Thay
slgo noted that yellow staining of cocoosn was inllusnced
by high Bueiditys Huwararad (1969] actyibuted high huamidity

eoupled with mnderate to sowe what caol temperature to



subanced uwinstion of silk worn Rosdre moed Lhane  He
fupthey noticed that cxcose avisation by meturesd and
apinning silk wores in nountages vas o majsy problem in
apa pares of Nysore State, pavticularly during monacon
wonthe and during huesld weathey, ﬁaévy wrination ascourred
when the ralotive humidity wies shove 80 per oont and

tomperature ranged botwoon 249 @ o 20%0.

Hadbhava Bao (1969} stated that soms sines Juring -
vainy zoason the coocons nffectsd by silk wurs uwine are
Senply staineds He further sbated thet such gtalned

coooons have poor reolability and make veslling unooonvaicale

authors have revesled the feok thot uric acid is georeted

in silk wors @ An any othar inedots. It io clearly known
from the litewature ﬁhﬁﬁ.ﬁm#ﬁﬁim harponas influsnce the
ssoretion of wwine by stinciating the welpiohisn tubules,

The work dona in this gepact By Jiffevent authovs is revieved

in the following paragyaphes

Hadrall (1963} dowsnstrated that the divresis in
'iﬁﬁégﬁﬁ was canaed Dy a hersene yoleased ioto dhe hoenol yuph,
Geoneding to him Slureais is provoted by sope substahoa,
presumably s nouroheorsime which can bo extracted frow the

goaterior nouroseoretory cella,



&

Hadrell {1964a) stated thet ths ovsfuas diuresis in
#ifeh stoge larvas was cauaed by the relesse of ﬁ-ﬁiﬁx&ﬁi@l
ﬁﬁrﬁmﬁw intoe the hasemdlyich frow the fused panglionic oans,
gﬁ@@aﬁig'ﬁrmm heraone rich bodles assonsd to by RauroseaveRery
colin, He investigated the sontrol of the releass of the

hornent.

Hadrell (1964n) alde noboed that exoretion process was
very sengitive o chunges in tonperetuvds both the rate of

propesion and the couppsicion of the urine were affented.

Hille {1967} found that diurstic hormone whg liberated
into the blood by the tersinsl sbdominal ganglion and
prometed flaild secratios by the terminal sbdomingl gsnglion,.
The horzond iz bnswn 4o prowmste fluld secvetion by the
salpighisn tubules in innecto. He also noted thot tesperatura

had profouns offent on diuresis,

Hpdrell (106%) stated that 5 hydrony trypbenins has
stizulatory effect on seovetion of walpighisn tubules of

inaectp.

Be B¢ Urine stailning of eilk produces

vertsin changos in the praperties of silk: Huowledge

regarding the veriows propsreios of silk ssd 24k constdivents
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ie nooessarys 5 veview covering veried sspeots of

progerties of silk is thervefowe progonbed Delovw,

Apatelli (1934} steted that the ol of the Fibroin in
the silk cosnon is T«d. Bocording &0 bim the wmﬁ figure

wag true only in tho aguasus extract of the Fllwe,

Hooordivg o Potter and Osrbisan (1945) ailk 'ﬁ’ﬁs«m Ry
be stpetahod from 1/7 o 3/ of iﬁ&s’& original length before
breakings #ikk £ibre ean generslly atmorb woisturs simoet
1} per cent of dte weight, but the range varies from 10

€0 an much as 30 per oent. Soncentrated mineral acide

gongentration and respopsture sfe high edouch, SL1k hae

wry good affinity for dyws.

seenrdlng to Honedoy ot Ales (1950} Thenyl alanise fe
ot enthesised in the flyst four stages o8 Lawval geowkl,
buk an inereage am;mwmiy Gue &0 synthualis fa uhaserved in

the fifeh stage of Dopbhe &

Stoaws gt nlesr (A950) obmerved the \ﬁ@ya’whm% of syeosine
in lavge ssount and of cryptophan in lesser ameant in the
FLE0N devaloprontal picge, Yhese were not synthosised in

the first four stages,
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Apmuirose ob ales (1981} Obperved thay pelgher the
aminoenitrogan proportion of iithiuve browide salution of
silk fivroln, nov the change of viscosity of dichloroscetic
acid solution indicatedany grest depolymerizstions They
wantioned that even & a%mx; proportion of the betawfors
askes the filwm insoluble. The soleculs of fibeodin is
aesured o have 2 Eyper of geguents, with erall aide chains
wmetable in ﬁ}m falded state, and #rith Inrge side chains,

 stable in the alpha fo¥wm aven in the dravn fibre.

Carbonl (1952) stated that there is varintion in

deguaning losces bhetween the differant layers of a cognon.

Elentran tiorssuonic exasination by Heresre {1952) of
fiveiline franwents produced by enzywic disintegration of
oilk fibvroin ehowed the existance of fine sierafibrils
about 180 AP in diaweter, extended parallel to the length
of the fibre axiss Pibrisogesn, the soluble gmﬁaurmﬁé of
fibrous fibroin extracted from the mytured ailk glands of
the silk worm, spontaneously geparated fros dilute salutions

in the Savn of fine miorafibrile,

Geldmacher and Bavika (LP53) atudied the datection
and differsntiation of sugars and polyzaccheriden by

seneitive spot resctions on #ilks Soot tests wore wade forr
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axsct chavacterization of wany csrbohydvates using only

20 to 40 microgram of the substance.

shiwigu {1957) obsarved that the silk fibwe of Nowbyx
eort Linn. mainly consisted of two proteins wiz.,; fibroin
{7050 par cont) and saricin {20-30 pey opntl., He also
shaurvad other constituents such as waxy taterisl (9.4 -
G.8 per contl carbohydrates (1.2 =« 1,6 por contl, eoslouring
mpttoy (0,3 per mm? and dnovganic suhatances (0.7 per
gentl in silk fibres fle found that fibroin formed the
sadn core snd iz covared by 3 contings of sericin. Pibroin
i ineoluble in watsy snd fs the true silk, “hile silk

mericin s sapily dissolved in hot watew,

Brictounsdragor st ales (1959} measured the ampunt of
total glutanic and aspartic acids, free glutouic acid and
% moEd,
Linne ‘%9 reasults sugeest an imporsant uptake of gluteasic

gimﬁm&m in the hasmuiywph of the developlog Doy

neid and “fglm:mim and a rvelstivaiy less important uptake

of aspartic keid by the sillk glands,

Takagh gt Alsy (1039) stufied sonme properties of silk,
Roooyding to thelr findings, Finer the bave and groater the
degumning lose of the cortexd, the hichey iz the yigidity of

the raw 8511 thronds Fhe sericin of the white gosonn is



32
more cobeoive And hard than thas af yellow Etalred ones.

Pakudso and Havashy {(1960b} sode bBiochemical studies
B Bhe ﬁgﬁ&ﬁ§i§n of 5ilk wors protein and the kicde of
fras aming acids invelved in the biosynthesis of the silk
protein. Takuda gt ales {19608) also made biochenical
atudias on the %ﬁrma%i@a;mf the ailk proteins  Aceording
Ty thom the formation of £ibrols takes ploce inside the
BilE gland durins growth of the #lfgh Instars Hooh Eibroin
synthesiged by the postericr division at diffevent periond
of the £LE% fostar moves in on orderly fashion in the
innide of the gland along the viddle ond antarior division
during groweh of the silk vorms. Furtherswive, £ibroin
pragent in the wmiddle division of the gild worm just before
apdnning is due to the euccessive Sepogision ab differant

periodis of £LELh mtnge,

Staurt (1060) studied the offect of scide snd slkelies
an 8343%, Socordise o hic conventrated mineral asids such
us sulphuric, hydrochloric and ndtvic acids digsslve sili
ﬁﬁm§la£@iy¢ Cold diiute avide, excopt hydroghlorie seid
do not injupe siiks Oualic, cltric and sartsric scide do

not indure silk i they are removed prowpilv.

Protein synthesis dn 2i8lk gland wae stodied by Miuva
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2t nles (1961) fyom silk uland iﬁaubau@ﬂ-wﬁﬁh'ﬁaﬂ
glyocing and from gilk voras which were giVﬁﬂ,§i4

b

ylycine
injection. NIadio ackive wae effectively incorporated
in the zrasence of AP, 479, aunino asid and inoorsorationg

BBV o

fhaw and Smith (39617 stodied the composition ang

sEructure of chesieslly resistent fractions of silk Ffileoine,
They obtalngd the residues by trastmant of various =ilk
fivroine with acid alkali and hydrogen peroxide and avalysed
for thely constituent awing nolde. Treatwent with alkall

or acid gave residue ths: had s considerably g§antar gantent
of alanine than thée untreated fibroing, It ssens falrly
certain that these residues are derived from the orystelline

parts of the Sibroins,

Uarwicker (1961} examined the chooicsily rasistang
Coavtions of Bilh fibvoin. P made an H-rav eganination
of the mors resistant moterinl ileft afier chemics) ateack
o fivrein of Aouwbynt wmord Linn. He sugpssted that s noye
general view of the fime structure of fibrolns is that of
f&m&@m'pankiﬁg of antiparsilel pleasted ghests of p@xy@é@aiée
chainss This degensio on the supsr imoosed shestn, orystalilne
ordor belng achieved only whare this sogquence fa perfoctly

FEpULAT «



14

Tanaka ond Yoshimare {(1964) hove stated $het the
aeide and alkalies discolve gericin osating fwom ths

Bilk filomebt.

B aotive substances affooting the plghestation of
pupnl oolovy exiety in the water freciion of the sothenel
extracte but nobt dn the othey fraction, suggesting that
the horoene gootyelling the nganifestation of the pupal
enlour i of protein or poptide cowsoalition as stated by

Haghlguehi gt ahes (3965),

hecording to Hapgvathi (1965} a subscance prodused

an a fiudd in selivary glende of walberry eilk wormifonby

% Ldnned forns dthe cocoun filamente #He further atated

that thie ﬁmﬁmtﬁﬁ&@“@%%%%&ﬁﬁﬁ af tws @lamenbs, silk fibvoin
s Sunser laver and sevicin a Kind of gus vwhieh fovaes the
outer loyer. Yo observed thet the silk oseoon conbaiued

25 pey @ﬁﬁﬁwgg%imﬁﬁ and 8 pey omnt fllwoln sad thae in

the onteide acricin, swall residues of slbumin, gelatin,
fat, ropin, wincra) satier and waxy weterisk were foundes

He gobserved that while fibroin ens inesluble sven in Boiling
watﬂmg soricin was suiuble in hobt witers The two different
prafeing of silk andow silk with o Jualostic strueture which

is not goan in other fibvas, Pibroisn forms oore of the fibre.



buying the processing of silk saviels is rewpved to male

BA3% a0t and plosay.

tascine (1966) studied the eyotine content of silk
Fivrnin. According o hin intact fibeedin has o eystine
ountenk %«5‘ 0. 23 por copt snd that aboud 13 pur cent of
this eystine is destroyed during soap degumuing and about

3 por cent is lost during decuzeing with super hested water,

Shyawale and Bhut (1966} found that the rate of
absorption of amine aclds fron minture in the pilk wors
sidegut diffared @w individusl anino peldss & charanters
istie sbgorption patters wes obacrved which was independent

of the aping acld composition of the sinturs used,

The ailk fibre is capable of absuerbing from 10 o 30
gﬁz'w gont molebure and it ouill feels couwpsaratively dry
inspite of the high molsture it has absorbed, They have
given the componition of 213k worm cocoon as 3,02 per coeng
fots and vexes, 22.3% per csnt serielin, 72.59% per cent

fibroin and 1.1l per cent ash or oinersl matber,

Leborths (190683 studied the action of hisashes on ¢ilk,
Aopoeding o e ohlorins and hypoohlorites canes pellowing

Sf itk and wake 1% mowe tonder,

UNIVERSITY CF AGRCULTIAL SCIENCES.
pemsry ey A 147

BANEALORE-24,
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Sddnhws aad Akiyooghi [1969% eads phynicowchemicsl
studies on vosling guality of covoong, the state of yellow

fruoressent ealour in oocoon laver dnd it novicin.

Cobra and John (1969) stated that the fibwoin have

a moleculor welght of 50,000 to 60,000,

Chonsdhiney at gl,, (LB58) sguedicd the eﬁﬁé@ﬁ of oopking
an the reslability of ﬁ@@ﬁﬁﬁﬁ<ﬁﬂﬁ-@@%&ﬁ anbatin 80 o 98
por cont of the filemente reclad fros oulbeery aillh cuooons.
Thase authors t¥ied different sosking and cooklog sethods
for dmproving the reeling ability, The sore euonessful
condisions for single cheoon resling ware D.0 por cent
modiys carbonate soaking ﬁmﬁ # howrs Sollowed by steaming
&% 5 dnch proosure Sor £ bhourss. In pass resling, the
vaoslabilicy vent down ko 47 por cont, The low reelabilisy
in mass is sstributed by thoene authors & imndeguate ophepion
hotesen the sill layers vhich cone out in loops of filaments

given off fron ths soebon eurisco,

Howohara gt gles (1969 o and D) mado sleutvon sleroscepic
investigation on the Fikeil foroation from eilk Silwoes on
tha formation and shaps of ailk £ibwil am$§m§am§&ng o
sreatment of dilute aside and sikalies. Thoy poted the

Aiffevences in size and styuveture of the flbeil by woans of
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plecteun wlovadceps abservstion, Thoy cbsevved hranched
iopils which apread in vorious Slroctionse Bilk #ibvoia
Filres treated with diluts aeld gointions revesl many
sheavaes of fibrils. BSilk fiveodn Fibros treaved wich

ailuke alkaline solution revesi gough surface dus o swalling

and many sheaves of fibrila,

fLanmn gb ales (1969) detocted alanine s the Heterminal
ouing aeid ky POMR method im silh fibroin, direotly extractsd
from fibroln synchesiping region of the silk gland, Only

tyacn avountd of glyeine and savicin wers detogted,

Hlagarad and Dasevanng (196%) mede gusiitative
ahrommtoorapblie stuly 0f silk protein and found the amino
auids Lysing, leueine, lon-leucine, sothionlne, phenvlalanine

and veline in ft.

fagsent and Szafranski (1869} found that saluble
proteing in the oill glends bind diffevent spino aclde nonw
engymaticaliy. They stated shat these saluble proteins
wore formed during the fifch dnstar and the guanticy of the
protsing reaches maximen beffore spinning, Soluble proteins

showed hichest binding asouivity fov bwyptophan.

Bhiorakl ot ales (1969} ptated that the anins acids

in goivddle znd ingoluble fractions of fibroin pagtially
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hyfirndiosd %@‘iﬁh dilute solids and alhslies were detersmined
by mesns of sutoratles amino soid sealywer to compave the
comspoleion of crystalline and amprphous regions, Thay
obaarvad that glyeine and alaniss were wmore abundest in

the oryatalline wregion than in the amorphous portions
Auvvording o thew serine and ¢yrosine consentrations wers
lower in the cewstalline region {6 the figst soluple
frantion and were aﬁmm&mﬁﬂ& equal in the ater fractions,
ALl other amma avide in fibrolh wers sbundsnt in the
amoyphoos vreglion although the content of valine was squal
in both the vegions, The molar ratios of alasine, serine
and tyrosine to gl ;@im‘;:;e /%, 1}«3 and /8 in the amm’%muﬁ
vegion, and 2/3, 1/6, snd 1/12 in the orvetsiiine veylon

mag;mﬁ%im

#han gb ales (19707 studied whe composition and
mochanival pwopartion of white and yellow silk Sibroing
They observed that yellow variety wzfxa.,‘ associated with higher
sechaniesl gonstants, and it was rish in slonine but poor

in tyrosine snd pheayistanine.

ferioin e

a gusny fraction of oilk which is soluble in hot water and
dilute alkalis Hany workers have developed aiztevent msthods

5 eutract this proteinseious frection from eilk cocoon,
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feriein boing most lnpopvant povrtion of the silk coooon,
stody of Lt propevcios makes an iopoveant aspect ia this
| shudy, Yok of saly few suthors is avellable in this peoavd

and it is reviswed balow,

Shelton and Johuoon {(1925) heated raw ailk with water
in an putosiave at & prescure of L0 pounds psr squsre inch
and asparated the gevricln dron the aguesus extract by

procipitation with slephol or amvopios sulphate,

e ‘Thompaob {1925) reported that the boiling water remsved
ey onewhslf of the geviein frowm row alik in 10 hourg.
Aithough it is possible to vanowr the gubh wore o less
compiotely frown 2ilk in bodling water, the process is

arizensly Slow.

Glders (1527) extracted sericin from silk covoons hy
hiding water or by trestseont fa an sutoclave with watsy
at o temparature of 1318% or more, nnd presipiteted the
goriein by eddition of sieshol &0 o concentration of more
than 50 per cents Mo alap stated that sericin contnine
approsioately one por ceat of gystine. Baroni (1933) ohesryed
14482 €9 15,08 por cunt of nitvogen in orude adriein and

15,68 4o 15.5 por cent nitvogen in pure sericine

Hoshor {1934) susdivided sericin of 2ilk ob the basis of
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.ﬁewmﬁﬁﬁaﬁﬁﬁﬁ_&ﬁﬁ ather propiriies isto thiee fractioas
and dosigneted thow ag sorieln & B and &, Oericin ¢ the
innersost loyer of the gus frection la insolubie in sowe
of the sowmon solvente. E% ds almost cospletely resistant

wo enzvne aokivity,

Bmstelll (1034) advovoted the hwatiny of fhe row silk
in solutions @E soop sad o wild alislies undoy a prossure
of 1% to 20 1b per sovere fuh for eutwacting soerieisn,
although the uge of wsker alone at 50 ib per square inch

Zoy 15 minutes has alss baen afvoontods

i eutraetion of merieln Hron warisus lsvere of the

silk cooosn of Bombux mord Linns by tvestesnt with 230 wl

08 por cent sodluw hydvonide sslution per graw for 12 hours,
Luciorlandd (L1055} ohaerved that the outsy layers of a

oaston contained 3¢ per cent of serieln, the widdles layer
contalned less seviedin ond the inner layer contained 24 poy
gent of sericin. s proposad p wethod for sevicis sxbrsetion
where the presenss of winor oonstivvents 1ike was, cerichydrate

otcsy are iguored baoavee of thelr presonce in sinuvte guantlties.

Shikeba and 2ijdnubots {(1980) analysed the carbrhydratos
af povicin qualitstively aftor hyderolvels with sulpbarie

anl@. & new conponent vige, siakiz acld wes detected,
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Fantosss and dponin seld could ar be Founde

Phevnl dier {10621 studied the swing sold gontont of
agpioin devdved frvowm four different Indisn ilks. Ha
found thet the avino acid patiors of sevloin wisn distivesly
difforent from that of the covrasponding fibroin filawente.
faricln contained all theo audsr antd of the fibpoin; bus

merkodly legs of lvsing and dlcevboxylic woids.

Fonwin and Pant (3962) steted thet the suler coating
of eilk glug 4e callef soevicis whioh couses the Cibvesn $o

atirers and uiich oy be veusved by bolling with peapy wated,

Joiiy and Keishoameany (100641 despribed s wethod fop
the determinsbion of sevicia gonkent in ozougnss  Thay hept
the ooonon oholl voder test is o deslicostor for § @ B daye
i1 oonstant woloht was oltolnod. The ahell woas Lhen gub
ints 4 sgunl pares and pot into o pre-welehed pruoibls which
wan #lgs Mopt o o deslocator. 20 po of B ger cont of redise
bydeonids wne poured ifntn the orusible and the shell plenes
ware pllowed o éﬁiw@a% fow 10 hours, Dater shell ploces
wape washsd in Sistllled wabtyyr and holiled twioe for haild

el ef slee, (4089} sbuliled the affecy of tyrosinuse
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an gepicin. A serdoelin solution trssted with sushroom
tyrosinsgs turned red end shoved an Inccease in viscosity,
Thay ales obssrved o geusral inorease in abasrpbion of

Light of highor wave loength in the ultraewiolet region.

Bomealhar {(1869) luvestigated degumaing Loss and
apinsiing perforounse of plevasd and cud coooons in silk
woris. The solution used by hiw contalned 3 g of soap
and 3 g of sods per litres The ratio of material ¢o Liguor
wad 1.13., Hs loosely tied the sarple smsterisl with a
sorsnt cloth and fmvarsed in the alkalive bath and worked
For one bour at Dollisg podnt. The materisl was talien out

ol wvashad,

Se prossriien of silk wove w ¥pt mamy people

have sitodied the properey of silk wors urine as aould bHe
saen from the vory lloitted published Information on this

subieoty

g silk wors uwine oontains osnsiderable aomount of
upic aoid, it is suspected that urlce acid way be responsible

~for tha yellow stainlhg of cospong (Ruwona L837).

Ageoréing 0 Vawk gt ales (3984) wrie aeld sots ss a
wook dibesic acid and foron two olases of ualas, ooutrsl

andl anidics The newkys) potussive asd Xithivm ucates are
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the wost enslly soluble of the sikall salta, whilo amwoniun
urate ie difCicuitly soluble. They have stated that aric
acid iz lnsoluble in alochol and athoy, Gifficonlty ssluble

& boiling water and practioelly insclubile in oold wator.

glraline in neburs, He found pit rangs of 8.6 2o 9.8 in
ponied sasplase He also odservald a slighl inoresse fn pil

of urdne on 48 hours exposure & atuosphere..

Ghly few worhers
ave ptudiad on the esuses of fllsnmeat breakage in urinse

ptained silk ﬁ@ﬁ@@ﬁﬁm Al &, %@xézy any suthoy has come to
a Sofinite consivsion regarding the exset cauns and axtent

of brasking of filavent during reeling.

Geoording Lo ¥onger (1932) the oopurresee of many
looges ends in rew sil% i Sus to the actlion of the hexd
inslastic sericin envslop on the fibroip vhen the fibre is
bant. e suggeste that the eutent of thresd braaking during
powinding nay be sinlelzed by ﬁi&sﬁ stenning the haoks in

arder to soften the gume

Huparsred {19607 stesed thot whoen the aili wors wine -
aomes in contact with the coonons in drops on mountsgesn,; the

alkaline nature of $he urine way diezolve the serieisn coating
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of the filoment in patohes and this conditisn, he sssuses
regulis in breakage while wouling, e the Filament is
roudered woeak by the resvvel of seriodn in patchon, e
furihoer studied the offect of pure wrie acld solubvion on
aouoons. e obsorvald that pure wris zedd spplied Lo conoche
L4 not pradune any characteristic brownish vellow atain
comprred Lo the 2118 wore uride applied to coosons. e
vointed out that this Ffindine indicates that {48 i nob the
wrie aedd in silk worm urine that is responsible for produdse

fny the charsoteristic stain,

1 fonaura:  There are two aspects in conteol
measuras vitey provestive and curative, In prevoentive
moosures feow authors have apgproached fyom the phyvsiologioalk
Cpolnt of visw by using swme am&wsﬁiumtm hormones and using
alectrie room heaterss Uhofeas some others have tried fromn
teohneloglesl point of vilew lege, rolucing the nusboer of
woEne per mmﬁég@, fmpraving the msunting technigues and
akove all abserving etvict sanitory conddrions. Under
eurative messures ouly few authors have stterpied to remnve

the stain by salng covialn blesching agsuta,

Srytooin hap antidiuretic aovion §n lower vertebrates
{8dveard 0. Seaurds 19603 Cuviocin has a slight but delfinite

antidiuretic action iv addition %o Lte ows oharscierietle
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effedts (Chowh Baokhi, 1961). Serridge {31586) stated that
1% hos bhoen possivle to induce antidiveesis da insects by

certalin hobsones,

tionevatii {1965) stabed that the Dlasching of ik
woiid be aaamm by using hyGrogen perowife with oy without
m'mm Bitk i5 bPleached in a solution ae 40%c whdeh 48
| for'pyerenight then vasked and:scaped.

Ly vaised to 90%, 841k ie keps in eosiing idquor

A& vepord fron the Fopan 881k Assooliation {1967} roveals
&-‘hgﬁ 8 tisely romival of the faunes and wrine diecharged by
- the watured silk worms would be such helpful o improve the
quality of coweonss % i suggested chat with thw completion

of the mounting on turndng oovooning fraves, thi papse o

otrak wat sprend undernenth sust be replosed fron time 4o

time o geb rid of the dischurced fooccas and urine.

taborthe (1068} proposed » technigue to remove the
- atain Dy spongling with soap snd wataer ar with a salt sslution
and thon rineings 2ilute ammonie alons oy with hyirogen

poyaride may then borappllied for {zaiﬁi%i;@s and then rinsed off,

Deparemont of S61% Horw Physiology st the Cantral
Sepioulvural Resgarch and Traieoing lostitute, Nysors studied

¢he use of antidiaretic hormones ¢ control the wrination of
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#ilk worn Guring X06%.: Hovoones Like Vasspressin-and

Gxptacin wora used in sddivion to the control of tevporature
bumidity aompler, They obgerved some yellow stained oocoong
4n hownone treatod botchen and slighély mwors yollow stained .

somsons in the untrented batohes.

The strong oamaelien natidiurstile bovoone Like

vasssressin oF sons of iko salt soluvtion in winuie
goncasbeation coudd guvee antidiuresia in ally warn,

{Foxararad, 19691, According to hiw one of the simplese

way 4o tackle thic problem iwn itht% affestod arens is Lo ume
aiootirle roon heatels and reducs the mﬁiﬁiﬁw- 1 m time
@ﬁ spimsing. The ather posalbilisy sugpested Ty him 49 to
koo the nountages slanting oF leeping tws mounteges
m&nﬁw on on inverted *¥* ak the tdme of &i&&ﬁﬁiﬂgs This
practics doen aveld o acon sxtent direct dritbling of mm
on the cosoons below in the mouutsge, Ancthar meaguye
sugooested is o ovsid over crowding of silk worss in the
mountads papticulerly under high hunidity conditionn, which
reduces the incidense of steined cocosny ag there will be

Mﬁ;ﬁmﬁaﬁ& gap in betwoen spimﬁ.:ag Tarvaa,

Hadirell (1989) found thet pitvessingaid not stimulate

mxgﬁgﬁiﬁﬁ wubules activiey in dogects. Aocording 0 bin
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. ths mﬁ%@%@mm tubuley of inpecks are undsy horaonsd

wikerole Substances such as scetylecholine, ATH and

%:’.i‘imms%&n do ot stisulske the tubules Lo seCrebc.

fnfermation on the offest o8 wrine on physioechemical
properties of ailk and methods of removing urine stsin on
#iii mﬂsmﬁ iv wmengee. ﬁ%&m&l@ﬂy thore ave 9o Yaporte on
the mothods of resling of urine éh&mw onconnt and wie

af sofvesing mwﬁm
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CHAYPER 71T

HATERIAL AND BEMDS

Yory 3ittle syvastesatio work has been repoveed in
Literature un the problen of silk wors srinasion. Ho well
defined methods and technigues are available for veady
adoption,. Tharefore luvestigation was plonned shd csyried
out exelusively Reesing in viow the naln obilectivess In
view of the peculisr nokure of the inveatigation, part of
the work was done ak the Centrsl Bevieultursl Nosearch
sl Tradoing Instlitute, Hysors and thé ronaining poxrt wan
coupleted in the Departoont of Chenistyy and ﬁm&ia of the
Univereity of fordenltursl dolencoes, Bangalors. The
grporivents oan vesling, oolleation of sil% worm urine for
sanlygls, rocording of tospsvature end husldicy and
vollestion of weather date at the tiwe of wwinabion eto,
wore oarrled out st the gzid Institute in Bygore. The
remaining pord of the work vhioh mainly consisted of detailed
snalywis including anluo seid snelysle of the cocsons was
done in the laborstoriss of the Universiey at Zebbal,

Hangalore. .

amidiey and munber of eil;
nation

This ptuidy wag eerried sut during ralny senson of 1970,
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%ig%‘WWﬁﬁﬁ of pure MHysoye % ﬂﬁlﬁ bread wvere vaed in the
studly. Tha sllk worsms were reared st ths Sevievleurel
Beskion of Cestral Serioultursl Resesrch snd Praining
Ingtitute, Mysore. Htanderd size nountages {lovally known
'l wepe used for sounting the ﬁii% WOLHSe

Bince the population of allk wore forming the coosops st

the ties of sploning will not Lo the sawe as the nunber

nf worms put on the osonhaps, di4fevent marher of woris

wore placed on the mamtage and then allowed 2o apin and

form eosoons, At the tise of epioning aoiusl nusber of
cooosns formed on the muntanes were counteds Out of

thens, nunbgy of cocosue stalned by uriantion vere sspevately
eounted and roooydeds Prom this pevomntage o8 stained

LOLaonE per wWountage Was osloeulated,

Resying of the silk worms was carpied out pt the
prevailiog olimatic eondivions. Fovever, wsather deta sudh
ag manimeg ond miﬂiﬁum_ﬁﬁl&ﬂiﬂﬁ'ﬁﬁmﬁ@&ﬁ?'wétﬁ'%&ﬁﬂrdﬁﬁ o
the day of opinning stase of the lasvas during which period

urinmtion by silk worm oceurs abd the esesons becoze stained,

SEdne
Puring the poried of Sephesunber o Detober 1070, uvive
wos sellscted Cram the spinnfvg atage larvae fron the si)k

woeEd pearad gt the Ushtral Jericultuvail Researoh znd Traluning
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Institute, HYysore. The urine sample wae pregsyved in a
cleayn stopperad bottie by keeping 4% In refrigerator.
Later on it was nped for detalled chewicel analvsive. The

urine was analysed for the following constigvonts:

i} g8

1i) Hleotrical eonduotivity
1ii) Togal zolids

v} teic acid

¥} Totak nitvogon

wil Awsoniacal nitrogen
wii} Potassium, sodion and calolos
wiiil Toval pulphate

fx} Total shosphate mand

F23 'é:zm& shloride

Hothods need for aalyvsis of urine ave briefly given

hielows

iY pHr 841X worm uring resction wag determined on

a Toshnival model Celd pi motor uvwing oowbined glass slectrode.

Heorrical conduprivity

of the orine saople was deternined by uveling the nopducbivity
Lridge, heving an slsovronie sye null point indicetor and

the tesporature ocompaneation Sevica. & Jdip type pletinlsed
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conduttivity oell was awployed for the purposo.s

1i1) Tota) solide: gy Sollowing the msthed piven by

dhoekell (1904) the towal spiide in 541k wore urine werse
optiznted. Pive wi of the wine osuple was token in o tered
shallow dish, slightly anidifised with avetie anld and
evaperated in vacus in the prussnos of sulphucie acld €111
constant welght wan obtained, The vesidve lefy wee wolghes

o percentage of togel asiids in urine speple was oaloulsted,

iv) Urip scids Thiz was sstlumsted by following the

mathod given by Renedlet and Promke (19823, Afker diduting
the urine samnle twenby .&&m& anit minioe well, an allguot

of von ¥l was geantisatively transferred in a 50 ol wolumeteie
flasks Yo this was alided 5 wl of § par cent sofium cpanide
solotion and L =3 wg‘%m@ﬁ@mgﬁmmﬁ@amm anid goagent. (88 ¢
- pare sodiug dungstete diosolvad in 150 m) of water & 12,85 g
of pure ardenlo seld ¢ 6438 ml of 85 pav cent phosphovie
acid + B nl of concentratsd BOL) snd the volume was thon
#ode up with Jdistilled waber and wixed woll, The intonsity
of Bive eplauy of the sclurion wes measured. Optlosl
trapsnittancs of ¢he blue cnloured molution wan wessured with
a8 plwto sleokric ¢olobrimeter seing red filter, From tha
standard curve sisultenestaly prepared using pure wric acid

similerliy tvested, concentratlen of wic soid in the silk
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worn urine sgunle was ealoudated,

oeal nitrogpen conbent of the

silk worn wwine sanple was oatisated by micvoekisidoahl
wmethod as described by Mawk st ml., (19633 1 =1 of the
il worn arine was caken in a pyrex gless Sest tube, o
thig was added 1 o} goncentrated sulphurio asid, X ol
prtsseivun sulphote, and one drop of § por gent coppoy
sulphate solubion. Yew glags bends vere added to Ehis
misture o opder ¢o pinimics humoing, %ﬁa sinture was
kolled oveyr a micrsburnor for sbour § sinutes, Lfker
eosiling to Foom egaémwmﬁar@¢ 6 =l diseilled wnter was sdded
& prevent fovesiion of pdlid cruat in the flagk. The
digested moterial wvos transferved ints a distillation
appnratng, by repastedly rissing the plores~iieldahl flask
ﬁ%ﬁh distilied water and seaasferring the washings guattie
tatively ¢to the digtillation fiask. Hufficient quality of
40 per cent sodics hwdronide was added 2o the digesat in the
Aistiliation flash oo as bo male the cantents ddatinotly

- widaline, Sfstillate was oollesked lo two per vent boxie
acid solution in a voseliving flask wp which fevw drops of
browseresnl gresn inditstor ware aidded. &feer complsting
the dlstiliation awmmonia reosived in the horle acid was
titrated agalnst J.02 2 suliphueic scids Nonbor of m) of

0,02 ¥ sulphuric acld requived in the titratisn when sultipliied
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by factor 0.3 gave the niiligeaw of sitvogas in 1 m)

sample of oill wors urinc,.

wi} 2

L. pitrogens By following the mothod
given by Yolin end Dokl {1917} amsenisesl nitrogea dn the
Bilk w&rm uring steple was estisateds Yo an aliguot of

25 Wi of urine sampie talen $n w 159€ ml earlenmever £iasik.

% g of finely pulverised potessivn oxalate wie added #ollowed
by fow drops of phensiphthalein indicator. Yhe contants of
the flask were titvated to & faint but permenent sliak eolour
posingt 0.1  sodive hpdroxides To thiz citration mixture
10 @l of mutral formalin aolution vas added. ABter wising
wall the whole mixture was spain titroted againet 0.1 3
sodivwe hydroride €0 a poridanent pink colour. Rushoer of ml
af U1 2 sodiue hydrowids required for aowpleting Lhe
sigration after the pddition of forualin mltiplied by the
factor 1.70 gave nilligrem swsonla present in the guankity

of a1k worn uwrine mewple token for the estivstion.

vii) Potessiur, sodfus and esleives & aliogunt

portion of the urine ssuple was diluted with distilled water
and afver omining well, it wos usad for determinstion of
votageive, sodiun and caloloms These three metal é@aa.w&?&
sstisnted neling a flane phobometer without any prisy traatment

”

of tha diluted saople in *ESLY Tlows photomoter by valng
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appranriate 2ilters for potossium, amﬂsmm ané ezleism.
Arandard solutions of potascion chloride, erloiunm ehloride
and godiuvm chiovide prepaved from Add, guslity ohenioals
wors ruk previousiy on the instrument to obiain the siasfard
suprves for thesge sliesmentas, By refering o the standard
gurves the instrupent readings recorded for pobassium,
celaive and sodfun, concentrations of theas in ths silk worp

urine sample were ounloulated,

wiiil Fobel sulphates: VYotal sulphete sobtent in the

Bilk worn uripe sswuple was determined by fnliswing the method
digeribed by Denedict (1909 In a olean 100 o porcelals
Gish, 10 wl of the 2112 wors arine sswple was transSerread.
To this was added & ul of Penedict's reagents {(Benedicts
reauent coosiets of copper nitrate 35 ¢ ¢ aotiium chlovidas

25 g + ammonius sltvate 10 g ¢ distilled woter o make up
100 wile 'The Glch wag Rept on a hot wilter hath und the
contents ware aveporated o dryoesss The reslius was hoated
on the vater bath vill it wos Dlackened. The rosidus was
then heated on a naked flawe for 10 winutes te deostroy the
organis matbore Aftey gooling the dish to room temperature
about 1% ol of dilute hydrechloric acid (14} wae odded and
ha conbests wore waropd gently on o hot water hath ©ill the

rasidus wes gomlately ﬁi%@%vmﬂu After diluting with distilled
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wpter G about 100 =1, 10 =) of 10 pay cent Darius cldloride
salution was then added drop by dropes The precipitats

formod was allowed to setile. It wag then filte

g8 ghirough
& provicusly welchad goooh w&mimm The precipliate was
washed free of chloridss, It was dried and waighed, Vrom
the wvaight of the precipitote totel sulphates piesent in

the eilh worn urine saople was cakoulatod.

- This weo gstimntod by £ollowe

iny the method given by Piske and Subbp Ran (1925}, %o a
iarge sized pyrew tost tube 1 ul of silk wore swine sample
wag teansferved and I8 2l of § 8 m&@umﬁei& soidl wag added,
The contents wors hoated over s mlerchuruer eapefully until
the water portion waus deiven oot and a dazkt brown fluid
remsingd in the teot tubes Po this 30 par cent hypdrogen
peroxlde was added dzop by drop 82 2 o ocunlotely oxidise
the orgonic matters Lfteyr cnoling to roon toesphratupe Jwl
wl of 4issilicd waber wvas aided and sgain bolléd for -3
m&m@sw then 10 ul oF Z«5 pet cent spolutisn of ausonidm
polyldste in water was added mised well and 4 wl of the
aninonaphthoel suiphonic mifﬁ' roagent. was added and the
mixture was vade ¢o 100 sl volume in a volusstric flask oand
miwedl well, Vercentage tvandeittance of the blus coslour

sitained wag vead On a photowslestyrig eolorinster at 640



miliimieran wave lenosth usiog 6 ved 2ilter, Birandard
gnlubiony prepared fron AR gusiity potapsius hydrogen
p&wa;;;mw were alas sinilarly treated and thelir tranaw
wittones readings wave veuorded, From the standard oupves
conpentration o8 phosphate present in the spuple of silk

wors wrine wan calioialoged,

Shiorideos were deternined i

sEik vore wrine sample by Yolbayrd « Henold (19101 mothod.

10 ol of uwwine sawple was Eaken in o 100 wl volusetric
flesk, abouk 25 drops of slsric asid and 2 al of cold
saturated solution of Perris alun vere addeds Then 20 i
of standard allver nitrate solution was added vhich
precipitated the ohlorides. Adtor allowing the precipitate
s settle for L0-1% slnutes in the mm the volune wag
wade upto 100 ol merlk with distilled water. The contouts
were filtered and washed fres of neid andl the filtrate nlong
with washings were cquanticatively collected in o besker and
clersted against stendned ammonivm thioopapnte solutisn, i1l
a permanent tinge of yed golour was obtained. MHusber of wi
of shandard silver nitrete soluzion actoslly reguired for
preaipivsting the chiskides wvhen maltipliied by a fostor Q.01
gave the anmnt of ohlovides in g oresent iz the sasple of

#idlk vore urine faken for anadlyois.



Exoorivental sangle of ailllk cocoous ware analyveed for

ehe followings

i} Total orotein conbent

i1} Borviecin and Pibroin contenta
1443 Amine aeld composition

iv} Total carbobyirates

v} Hineral compusition

Hethods wraed for the soovs ggbimobtions sre briefiy

given below

gontents  The ¢eoon sarpiag wors

cut ints small pleges and powdered afteyr they were sospletely
drieds Pobal protoin tontent of the samples was determined

by adopbing niorasRieldehl nathod,

An sliguot éﬁrﬁi&ﬂ of the powdered swaple wes weighed
ascnrately (100 odlliioram) into s claan and Jdried sicpow
kjsldahl flasgik, 3 mb concentyrated sulgburic acid and &
pluoh of digetion mixture wemeaéﬁaa to the flamie %ga
gontents ware digested on a siora-Risidebl digestion unit
£L1% ﬁﬁa digest bocins clear with ean apple gresn oslowrs
Afeer cooling the contente &0 Yooe tamperature they were

dijuted with diskilled water and carefully wwangferrad
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guantitatively o o micrositjeldnhl distiliation unit.
Porey por gont sodive hydvonlde was sided il gﬁa contents
baonme alkalinn. Then the amsonia lLibersted wes steam
dietillicd and collected in 20 u) of 2 per cent horis nedd
e which was sdded fow drops of mixed indicesor namely
brosporsssl geaen and wethyl ved. Afger kﬁ&‘aﬁm@&%ﬁ&mn af
the disvillation, memnia cvollected in the borip acid was
bigrated sgninet 0,02 B sulphuvic acid, Prom the titre
value nitragen por cent wasz oalonlated, T get per cent
protein, aitvogen por gont waos wultivlied by the factor

ﬁﬁﬁﬁa

Bimilar method wae used for the deteyminution of tokal
pratoin cantent in ibyoin and ssricin fractions of silk

COLDURS.

PRICTO 5 770 )

sanpios were cut into swall plecss and dvled thoroughly
in a desicoptor. an aliguot pordion of the dried coonon
pisess was talen in a pre-veighed Sish to which 50 ml of
G.2 por cound andivm heiroxide was addsd and allowsd to
stand for 12 houre. By this treatwent sericlio 4lasolven
into godius hyiroxide, The contents wera latey filtered

| thraugh ooosh erueibls snd the residus was washed free of

alksli, Yhe fllerste along with the weahings wae esrefully
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epllevted in preswelohed @ish and was Bep: on g hat water
hath for complets svpporstions The dish wag then trangs
forrad €0 an oven, Afver devimg for M hours, it was cusled
to rogwn teoporature i o desledator and welcheds In snothey
dgishy 50 ol of 0,7 per cont sofium hydvoxide wap takon,
evaporated, dried thorouphly in an oven, eaoled to room
tenporature in a desicentor and vweighed., The waight of

- goddun hydvexide obtained from 50 ml of 0.2 per cent solution
was deducted frowm the previous weight to obbaln the welght

of sevicin fraction in the silk cochon.

Tha residiue lefs in the gooch crueible Srowm the abhove
was aeavofully dried ab 85% withont allosing 4t €o chaw,
eooked € roow tempepiture in g desicoator and woighed, This
wag the fibroin fraction of the silk evogoon. The percentege
componition of sericin and finrein wore thus detersined in
the sauples of ailk goooons, The detevminationg vers wnade

in duplizate.

Tuo dimensional poper
shronatography vwas used for the analyesis of silk cocoon

gamples for thely amine acid epmposition.

Bines all the amine asids could net be ansiysed by the
aame wethod, twoe 4ifferent teshnlgues weyre uvaed which ave

dosaribad balows
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frelyais of SiE proted

Lpyntoabane:  Samples of gill coooons were st

into penll plecos and chyoughly dried, fn slioust @xﬁﬁm
of 180 my of the sanple wes wolghed and transforged o o
hopd glass hydvolyeis fube o whideh & ol of 6 J HCL i8R
q%l:wg% was ndded oavefully,. Contests of ¢he tuhe wers
mived and heated slowly on a bunsen burser ungil the
hydvochioric apid fomen eame oub, Cove was taken so ghae
there was no spurtings The tubs was vovoated and avaled,
The sesled tobo wae Labelled snd incubsted in an oven ab
;,m% fop :ﬁ hourg. After the hydralysis: the tube wasn
unapaled by bresking apen the tln and she contenis wore
£iltered throunh whatmah Fo,) £iléer paper into a 50 ml
heaker. The tube was yiascd sovers) %inmes and he vacshings
woere filtered using gless diotilled water. Phe filtrats and
the washings collisgned in the banker « were-»: than hKept on
a hot water bath for cuuslete svapsraiion. To the dey
vesidus 2 1 of olass Aistiiled water was added and the
oontonte wore disselved and oveperated again. Thia provess
was repested for several times till ss acldic wapours wore

evolved which was confivmed by Litmus paper Geub.s

ons 51 of dousle gless djotillied waler was added to

the vesiduss A whromstogeashy fllrer peper (Whatmen ausher onel



4%

was woghed with 57100 hndrsehiovic anid and later it wag
waghed with digtilled waker 313 i%;: wae fres fpon acld and
then dededs 100 smivroliters of the hydrolivents preparad

ap mhove was apotied on the filter papars Two Sleensisnnl

shromptography wae vun wilng butanol-geotie avid-wnter
systen ($:1s4) foliowed by phomol saturatsd with water (4el).
The ¢hpomatnoram m& atiovad to dsvelop for 16 lwurs in

the #irgt solvest and 12 hours in She seadnd, anlvent. i
dencending @%@w%mw&m tmotnlgue wis ‘@ﬁé@: far separating
the anine seldne  The chromutoorans mwe Yhak gip é’iﬁ“@&{i;
speayed with npabvdrin solution ongd were allowed 4o dry for
i hours. The asing aold spots mg&m&%@é ware identifisd
by somparing the "8 velues found out in s siniler way by

spotting chromstographiveliy puve %oown solne aside.

he guanticmtive cotizaten of the sepovated awing aclds
was doke by earefully sulbing out sach spot and sluting in
# Wi alopholi-copoer sulpheate selution for 2 Hougs. The
ingenslvy of vhe ovlour of the eluted solunlon was weamved
tn & mietdumerson photoeelectrie coloviaster using a grean
Filver {wove lesgth B0 to 8560 willi-sieven). Saplier,
standerd eorves wowe prepired ssparately for 20 sweino escids
%;mmgg pure compounde, By vofering ko the standard carves the

guantity of sanh 9f the guiny seids in the silk protoins weve
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caloulateds The veasulis were enpresged sn miersoran of
sagh amine acid in 100 oy of the sanple. The wmothod
degoribhed sbove i sssentially the one recgunended by

Denatrinte {1658),

-3

Line hydrelywis of silk protein for detepe

AV ] 100 milidgran of the dried

cocoon pleces Weve weldhed and transferred into a hard glass
wirolyiels tube o3 which #ight 1 of § B bariue hydroxide

wae added. The tube was vacuated and sealed ag above and
ineubated at 11072 in as electric oven for 24 houess After
the hyipolveis, thse tube way unoesloeds #ilteved and dxiad

by following the prooodurs descoribed above under acid
hydirolysiss 25 oiogalitove of the alkaling hydeolvente
acsiution was gpovted on acld washed whatwman Jo.l chromategeaph
pager and chronstogrsm Was run in one direction onlye
Butanel=acetic acid~water systen wag used For the saparation.
The chrovetagron was yun for 16 Wours, Develogmont of the
apot, identificotlon and gquontliative estimation of tryptaow
phan were csrried out in a sinilar way as detailed above

for other asuine asids in the acid hpdeolysate, ISentification
and gasntitative astlmstion of amino acides in fibroin and
sericin fractions of the 8llk cocoonzg was done by the progedare

described unfer soid hwdrolvaln sbhove,.



Carbabhydrates in the

ssuple of silk cosouus wers sstimuted by adophing the
galorioatric wethod of Somogyl (1952). 100 o of the

dried M&él@ wae uped for the estimation of toual earbow
hydeates. The sarple after cavefully weighing wae
transforred Lato o t40t dubs Fitted with vork and I =l of
28 H I way added., The tubs waeg atopporsd and Rept in

hot water bath for two hours. After hydrolysis wvae m@mwa
the contents ware Siltered ﬁ%m@a@h & dry filter paper and
filgorate was collscted in a bosier o vhich & pinch of
sodive earbonste was added to noutralise the saidiey and
Later the solution was clarified with L ml of eaduiun
pulpheate solution and L ob of 860 8 w;;;,m hydronida
splution, The clerified syirsct ¥os wade o 100 =l volune,
Tt wae wmived wolls 10 ml of the diluted hwirolysate wag
taken in a test tubs and 1 ol of copper veagent wWas a@mﬁ
and heated For 10 wisgutes in boflics water bath. The tube
was taien out cusled te room tewperaturze and I ool of Helusn'a
arsanosolybdate réagent wae added to dioeolve cuprous oxnide.
Thy mixsure was wade upts 950 ol and the fnsensity of tha Blue

colovr formed was mpasured at B40 millimioron save lengtlh in

T

A

fpeotronic - 30 gpuctrophotomgolarinoter. A reagent blank

was run by following all the steps desuribed above. Standard



ourve was drawn for varicouws congentrations of pore glueoge
#olution, Hy Yefering o the standaed ourve the iastrument
readinge for the opplies wers sonvertsd to covresponding

coneentration of carbohydrate, from which perosnbage ooEpos

sition of the carbohydrates in the seconn sanple was caloulated,

The above pothod wag alsd wesed for the Jdobteroination
of cerbohvdrates ie fibrois and sevicin feactions of silk

wroteine

(v} Essinntdon of mioer
plegar of wocoon gamples were @wi@ﬁ andt oo aliguot portion
aff then was wolghedl inks s crualibio. After charring on low
flams the contents were funited in ﬁ,mﬁﬁﬁlw ﬁaxn%aﬁ nE shout
400%, The residue wes cooled and tronted with 2 i of sedium
aitrate HCL and 20 wl of distilied waters The solublon wan
avpporated to drvnaess Flrst on o weiter beth and on sand bath,
after gooling to roos tesporators the residue obbalined was
ddpzolved in double 4lase distilled wober and the volube wae
uade upto 59 wik. Afcer shakiny well, oploiuw, godlasw and
potassive were deternined ualng v BEL flawe photometer with
appropriste filtevs. Boerlier for sach of thess Yhves
determinations standsed solutione of bBnown goncentrations
prepacred from their vespsstive pure salts were wun on the

Flame photometor o propsre standsrd owress fron whieh the
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cuncentrations of sodivs and potessiunm in the sauplon were

galonlated.

A siwmllay proosdupe wos used fav the deverminstion of

sinersl constituents 1ike owliclum, soliow and potassius in

Fiveoin and soricin fractions of vilk coooong.

IDnE BYR ﬁiﬁmmmmmﬁ fnto three oads portlons -
(43 'ﬁﬁyméx cover (14) #lddle povtion end (311) Zaner core.
Thews portlons wore ronoved fros the silk cotcon stuples
by sarefally peeling each of thom. Thio was done for both
novsal as well as urine stained silk covoons, %he separated
gortions wvare then ansiveed fovr serieln and fiwmoln contents
ap welli as for thelr sineral composition by following the

wothals deseribed slwvn,

in order to find gut the extent of damage oaussd by

w&mﬁmﬁ it i hovesshey B0 kBow to vhoat deopth the urine

pehetrated the gogoons. Tor this purpose silk cotoons were

pleked up at yandoe from lovs of both urinsted and normsl
outtoht, and they wors cerefunlly recled for 100 meters. Purthey

renling of the cucosns was continued 55 B to et the seooud,



third and fourth hadred sater jongths,. These Lengths were
saporately. cut into ssall pleces and dried, Miguot poriione
of the pame woie welohed Sor the detersinstion of urde aeid
contont by following the methsd alrvendy desoribed sbove under

the eptimation of uric acid in silk worm upine,

The aoount &f wrde apdd prosent o the first, sacond,
third and fourth hondved sedar lengths of the resled ailk
gave an estinuts of the extent of panstretion of uring in
Bilk sogoonge The norgsl or gobd ooconns were slsd vesloed
and uric aold in dldferont Mza@tm of the sllk gave an
indiention of the extent of contaminstion of urine when
moversk silk worms are eared on the some 'mimﬁaggm Rewl ing

af the silk fXow covoon wes dong by the followving wethed,

A o pueetrestmang

st ot

for reeling ellk cocoons: the sogonns wore bolled in wakrey
ﬁ"x‘m&‘&:ﬁaiﬁimg sodive garbondte o make the wster siighily |
aliniing. Tthe eosopns %m- @wﬁwﬁ for o pericd of 5 ninutes.
This prevvoaptument is necegsary $o lmgrove the reelability

a8 well as to remove the flong o €he gousongs. Thus, cooked

cogoons vars raeled veing an *Sporovate’,

fenling wiperivent o stuwly the sffect of uinstion and
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number of days of contnot of wine with ik an the
realability of cocoons was conducted, Golfledl oedons wore
procured frem C.8.8 & T.lee Hysore and threo draps of silk
wors wine were added on oach silk cocpnn in ovder o bring
sbout artificial arination. The ooooong o treated wera
incubated for 1, 24 3, 8, 8, 1% and 30 daym. Ono et of
the trentsd COCOURS Was removed on the davs spocified shovae
ar soven ocoasiongs. After the counons were stoowed for

2 4y 5, & and L0 minutes, thess cocoang were gubddected to
subetrgatoent such as cooking for twoe different pwriod of
vimen vize, 4 and 6 winuvbes Yofore resiing the cosoons, For

sach treéatment there weyra 5 replicsuions.

The cocoons wire cooked in weter gnd sade alightly
aikaline with sodiun corbonnte (D.sll. § cocooan were
uaed for aach of the gald crantuent@. Ths Cocomms &0 troated
wars subjected o reeliny by following the sethod ﬁﬁgariba&
above, During the sspsrismont fhe total leungth and numbeyr of

guks par soooon ware pecorded for each rvaslings

In ordeyr to study wheather the seifling of wrine stained
cosaons hed any adverss affect on reolability of the gaue,
sill worns ware roared during haavy ralny dayae st Central
Fericuitural Rgzearch and Praining Institute, MNysore.

Imssdiately atier the coupletion of the womosn fovmation,
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5 woosony that wore stained ware plcked st randon and used
for the esuperimental purposs, The urine stained eoscoong

ware subjected to the Poliowing treatnents:

a} Hot alyr stifiing and resling
bl Sesam evifling nod resling

¢} Rasling withouk aﬁgfﬁﬁxﬁiﬁng

Theags reantments were given 2, 4, 6 and § dave after
the formstion of the coLoIns wAS complete, The COSSONE Wers
aooked and vosled as described eariior. liere aleo 5 coconns
wara veacled in each troatoent. Anpther get of noroal cotoons
{not stainad! were sioilarly trented as shove and rasled,
Thisw served as contesl for douparisicn. ‘the abservations
were recordsd for total longih of eill thresd reeled and

nuwbher of cuts pay cocoon while reoling.

6o Emaminption of si}

i order to undevstand the nsture of Gansge oaumed due

k. ey wmi

roBGone

to urination an silk fiber, a siogle strand of thread resled
out as above from the obooony wae examined undey & oioyrdsunpt,
a drop of ¢glycerine warn sdded and after putiing a cover alin
the fiber wis exnminodl under mizrascops, For a@mgﬁ?&imn
purpase coroal silk fibor oot affected by urinntlion was also
oxamined in the same whys Higvoephotographs of siltk fibsrs

were Lakeh.



Sertain amount of sericin is lest during the process
of conking of the silk gocoone, This %&l@ﬁ'ihluawiﬁﬁin@~ﬂ§
the silk fibre and thus facilitotes recling. The urinatlon
af aéﬁamns hovever peduces the logs of seriein amﬁétha.mﬂmh
£ibre iz not eusily unwound thereby rseling would be JifFficult,
The guantitstive messoremant oFf the reductisn fn the logs of

periein during cocklan was thevesiors made.

Total sericin content of silk cocoons won deternined in
the rormal and arine steined cocoonsz follewing the method
glivan esrliors Urine stainsd and nopeal cocooin weére Goohed
and racled as mentioned above in epprovate. Sevicin was
determingd in %ﬁﬂ‘?&ﬁzﬁﬂ silk asparvately for urine stalned
end gond cotpons., The mmount of soricin Lost during cosking
wag determined by deduciing the agount of sericin present in
silk thread yooled from et oF totel sericin prosont in sn-

ocosksd Cooanng,

This study whe wmads o flodout the effect of troating
the cgcoons with chemiosis that may bwiny sbout softenlng on
the resling property of silk choonsne especinlly those that are

steined by upination by silk worm,
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ﬁ@ﬁﬁa&tﬂg ngents Like sodiwe avlfive, soiiue sarbongte
and axdiom hydeoxide woare employed for the purposes Saiution
eontaining ane pey euﬂﬁ of thage chenicoals were propared
sepapately and five oocoons of sach mormel asd urins stained
~ wers gooked in the wsupective safiening selutions., Yhe
cocoany vars then reécled in esaprovato, Chservationg gegarding
the total length of thyread snd totanl nusbory of outs pay

cangon durdng resling ware recorded,

Por this puyposs aaveral alkali solutions and devorgents
ﬁﬂr@stﬁiaﬁ, Both in oold and hot ceonditionas, The resgents
usad for the purpose were tespsi, sodiun hydvoxide ané sodium
carbonates These wero tried in different consentyations G.5,
1.0 and 1.5 par cents In addition to theses chemiosls the

fallowing solvwents wore also tried,

Mopoluze alceohol
Acetic apid
Patroleun sther
Asatone
Chiorofors
Mﬁﬁhﬁnﬁ&

Bansens



s

BHTH 2 poy cent and 5 per cent
Yorwmic ncid

Pormeldehyie

Ascorbic acdd

Sxdion oyvanida

Hydrony ocuinolin
Sodiumdithiocatbamate
Dimethyl glyvonise

Horate buffar and

Snveanin

The urine stained ootosns weres Rept in the above
golotions and solvents owsy nighf. Thay were vesoved and
thoroughly washed with dictilled water and dried iw oven.
another est of stained cocoons were fmmorged irn hydrogen
peronide and ssintained st 60°C for half an hour. Then
tthe QbBESONE WarR Teuoved ‘mﬁ kept in aleshol for over ni;g*im{
washad thovoughly with distilled water and dried in oven

at Luaw bovosrature,

PThe gopoon staplos ao tiestsd as above were eeanined
whth g ghogs and reflectance sebar €9 csupare the efficiency
of the treatment ou the removal of urine stain on allit tecosnds
Method ueeft for tw:ing gloss and reflsctance vesdians is

degoribed holows
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flons and wefiectance measurements of the onoons Ware
made with AVSIL gloon/vnflectance wetor. The standard gloss
plate having a reading of 3 was used &5 compare the glossypess
of the mocosn samplog, Several resdings on the nopmal and
affepted cotonn sooplel ware retorded, Lveranes were worked
aute Por reflectasce peasuramest, stondard magmessiss
parionate bloock was used for ssjasting the inlcial reflectance
o LG of the instmment ruaadings mezé the refisctance of
the normal, sffected and %anm@ gaagonn wores meagorad.
fleveral sumplen of the three categories of the onosong wame

uEGd S0 as o gt » good average measurenent wf the reflectaned,



EXPERIMENTAL BRESULTS



ERPRRIMENTAL PESULTS

an urination by silk wormss

BELR worme warsvenred under diffevent mmidity conditlon.
Bifforent number of worms per Chondrike wers nlao trisd in
grdnr o stoudy the affsct of gpacing bhetween spinning woras,
The nuthsr of arvine stalned goooons in sach et vers counted,
The resulty are grewsnied in Toble 1. Correlation cosféliclent
worked out for aunber of worns sov Chendrike awd nusbher of

aringe gtained cogoone {8 0731

2. Conmtleuents of siih wors ariogs %

SLlk wore wrine was analysed, It wag found 2o gontein
04828 per cent total nitrogen, U,0027 per cent awooniacak
nitrogen, 2,31 per cent otal aoliide, 9,200 pow pobaasioe,

378 pow of caloinw, 95 ppm of endium, 4.358 mo tokal phosphates,
B.2 mo tovsl sulphates and 0,80 wy chlorides peor D0 i of
urine. Urle acid in silk worm urine ic found & he 68,927

per cent. pY and slectricsl gonduotivity of silk worm uzine

were f.6 and ¥ muhos pey om {(Table 2) respectively.

3. Brnalysis of silk ecosooney

{1) Zotn) wrotein contentr: Totsl sitrogen content of

g8il% aeeaons, fibrein end dericin was estimstied, Tobtal
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gg;zgizi W fotal }ﬁta&neﬁ W?35A§&n@&
B8 #25 ot 329 22,5
81 240 48 195 i 7
21 460 108 355 32,8
£1 500 142 258 2848

m 360 20 280 22.2

81 a0 90 344 28.2
11 o2 § 19 An2 5.9
7 279 86 220 12.5
1 427 25 402 il.2
76 346 20 k.3 5.8
7% 165 13 152 X

Corzelation aﬁ&f;i@iamﬁ {*¢y™} for numbey of
Zm o i Y. £1 ks Ve, nugber of urine stained

corouns w 0.7,



5%

ZagLE 2

Conponition

Composition

pit

Hlectrical
Conduntiviey
w xhan/on

Total soluble
solida B

tUyde acid 5%

Tornl nitvogen %

fmmoniaosl
nitrogoen ¥

b0

2.3
653,03
0.028

0.06272

Totassing
T '

C Calelon

gpm

Ludium
pom

Zobsl phosphates

wy /100 mi.

- Fotal sulphates

wg / 100 @)

Total oehlovides
g /S 100 b

G,200

378

- 95
4,38
8.20

0,80
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. é&ﬁrﬂgmm o asowael cocoons is 12,68 per cent and in urine
stalned coosong it fa 11.50 per oent, ‘Tota) sitrogen presunt
in serdcin and fidroin of norssl oscoons are 10,92 per cent
and 13,80 par gent respootively and 9.85 per cont and 33,15
por cent respestively fo urdine stalined oonooons, Hrom the
fatalk @%ﬁx@gaﬂ.manﬁnnﬁ of the oogoon and of the twe frackisng
of §ilk, cruds provein gontent was caloulatdd msing & factor

of 6,28, The reosuite ave prosented in Table 3.

{44) SBerigin s

L1 poeoonsr The twd
wain protein vonstitusnts of silk vime, savicin and fbwrein
were doternined is hoth mormal ap well ss urine stained
cocaongs  The aormel and weine stsined ooecoons cobtained
27.6 por cunt wnd 26,34 por gent of govicin which is the
gumsy fraction of the silk csonons, The normal end urine
gtained oocoons contalned 60,91 por oout and 56,59 por cent

respaotively of fibroin vhich is the srue allk {(Peble 4.

{434} fusdng no

Awine seids pregent in sillk covopns, Flbroin and sericin

of bHoth grine sptaipoed and nowrmel goasons were estisated by
twaedinensional chromitogeaphys The results are presented in
Tanla 5, In all, 18 awing scide coudld be isolated and
identified, The amins acid moks=up of the silk cosoon and

ita fractions viz., govicin apd Zibroin sre sob sisilopy.
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Total ¥ Protein Larpohydrates

Snmples por cent  per cent por cent

: Boreond 12,63 75,987 0048
whole

oM Yrine 11,50 71,878 0., 0653
stalned .

Fibroin ' ‘
staised

Horaeld 10,92 65,280 0,6082
Sericin :
firine 0.85 6L 562 §,6030
stained
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Hnrenl Urine stalined

ﬁ . i % ek el A 4 ‘
gnetitientns onoonna S2QODNE

Sericin % 37,60 26,24
Fibroin % 60,93, - BG.99
Total ash % : 1.26 : 1469
Calodus ppm 6.0 205.0
potassive poe 56 <O 260.0
Sodium ppo 8D 15.0




. Bhnle

Pibhroln af

Bapliaoin of

aming aeids ~ tecoony aaﬁaaﬁa‘ aacﬁaﬂn
ﬁ@nm&l Mrinaﬁuﬁ &armal ﬂriﬂ&tﬁé %nuval ﬁrinmaeﬁ
S ,
{f‘aiﬂﬂ?"‘?%ﬁﬁ; iz 1 :Lm}? g af *ha nﬁsmmlm}
1. Alanine 2539 1340 1280 800 1340 235
2+ Arginipe 19489 1450 2108 280 2060 1130
3. baparetic 1640 1870 1040 1060 1300 -
soid _
#e Oystina 2600 2100 540 A50 3200 -
S Slutaninse 1300 300 360 2860 3360 -
6. Clyoine 830 830 1000 &0 420 -
7 Hydproxy h ALY 1210 508 5G0 R286 230
prolioe
Be Tso=ieuveine 2080 1976 2100 azn 2640 1030
9¢ Leuoine 2340 - 2030 2440 1364 2360 260
10¢ Lyming 17680 1506 G480 560 1560 520
11, Hesthionine 2600 1450 4200 300 42060 1950
12s Phenyle 2600 2600 2800 a560 1560 T2
alanineg
13¢ Proline aa0 S0 ’540 2180 3900 4ED
34, Sering - - - - H$60 -
15 Threonine 2600 RE00 2300 2240 3400 840
16y Tyrozine 264606 2540 #4200 12006 2600 1180
17s Valine &10 550 1000 20 430 150
18, Tryvtophen 26060 an20 _2200 430 19680 £70
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In gerigiu fraction of the uzine stoises cocoon A3 amino
wmw Wﬂv fdantitied. fowever in seriola of gusd oounong,
16 amino acide were spotteds L7 aning soids wers Setacted -
in fiveein of urine stained and good ostovnse Herine is

- found o Lo pressnt opky in sevieln M‘ gnol apenDngs

Luiantiey of gome of €he anine ouids sre less in sardioin end
’_ £ieoin zssf,f ordng steined cocosne cospaved o that of aériﬂin
and f@ﬁ*&z«m&ﬁ of g@e’i enooons.  Cystine, wethisnine, phanyie
alanioe, threoning, tyvosine, eyptophan &ud alsnine wers

| found ko be wore prosinent in goof cocoonm.  Threonine,

| phenylaianine, glutssin, -gﬁwimj%%@i&m are unaltaced by
 urination of ailk worsty  While meshionine, Syrosing, |

" wmmmﬁmp ol dnn sméi hydroaxypeoline were found o by
wove prosisent s dibroin of good copuans, wathionkie,
- thipeonine, proling, ghutanin end cystine ware provinent in
soricin of good coooonvs fudnd aclde dp sevieds agpoesred o
have beon more alfested by urination than the seino agide
o ﬁﬁmam o wm@m an ouohs Siuilarly sspaviis mi;s‘ﬁ- s
Sryptogneg skew o heve not alteved appreciably ju Zibroin

portion af the origated COOBOGT.

Phe vesults s the total savbahydvate coptent of avrdne

staiped end pormal osconmn, fibrols and mericin of moresl ob
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well as urine giained cocoons are given in Table 3.

Berivin of good cocoons contalned 83 ppw of carbo=
ﬁyﬂmmmﬁamm sevicin of urineg etsined coosons contained
only 30 ppme Fibyoin of normal and affected goceons
contained less coriwhydvates (40 ppo and R6 ppml. Norwal

whole cotopng contained 533 pon of cerbohydrate whareas urine

stainsd whole cocoonscontatued 43 pps of carbohydrates

an urine stained ongs wag detwrained and the regulés arve

presonted in Teble 4, MHinerasl constituents are found to be
Fore in the oring gialned sooponz as compared €9 thae normal

B ™

The swounts of B, da, and Ha, found in soricin ond
fFinrain of novsal ay well as urine sisised cocodng Bre
presantad in Table €, B, and Ho are fomd €0 be move in
cuay of sexicin and fibvoln of urine stainsd aogonns as

compared o those in gericin and fibvoln of noreml conoons,

Total ash in norenk as well as urine stained coooons
was detarsined, The resulis asre presented in Tehle B, Ash
poreentage in fibroin and seriein of uwrine stained coooons

is found to be more than the ash peroentage in serioin and
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| Horaal
Conuhie TOEDHONRG
tusnis - -

Heine stained

SEONONS

Berioin  Fibrodin

Boricisa

Fiuroln

Cakeium gpw LLa00 25,00
potnomium ppm 85,00 5,50

Sodiwe ppo 180,00 175,00

13,00

125,00

175,00

16,50
10,08

225,00
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FIG.3. POTASSIUM, CALCIUM AND SODIUM IN GOOD AND
URINE STAINED COCOONS
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hvoain of nsrial oousons,

nialyveis of eili Lfeow
(i) Seriumin ang 24d

and fibreoin in differont porilons of uring stsined and noroal

tione nf eosonme

The porcentmsgesof ssricin

ai&ﬂzaaeﬁaaa woers agtisotad and the resuits are presented in
Table Ve dericin in ﬁ%ﬂhrﬁriﬁ@'ﬂtéiﬁ&& as well as good
cotopng stesply desrenaed towards inner pore. Howevay in

e widdle portion of wrine stained gotdone, sorieis paps
sentage was more than in the eimilaw gax&ign of the normal
cacuanss Althouoh fibrein was found ¢o be alightly wore in
nornal cocaong, ite poroanbage waw found €0 graduatly loovense

wowards inamx'mava«mﬁ‘%nﬁh the normel sod. urine stedined

wrine stained cocoony ie ﬁaun& to be more than that in poreal
cncoome in all the thres portions, Caleius in sericin of
urine stained covcons was wore than that of fibwodn in all
the three portions and giadually increased towsvds the inner
"eﬁwm. Sodivm in serisin of vrine steined cocoons was more
in;ggﬁaz‘ﬁaﬁﬁ-thaﬁ in tho outer cover. In ths ssricin of
wmiddie portion of Hoth normal and urine sisined covoonnm,

fositian content was the game, Potassiun in fibrsin of suker
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Horeal Yrine gtained
Foarte of LHRODN CHIRONR
silk
LN

Pivroin % cericin ¥  Pibgoin % Sericin B

ey 53132 44,68 51.89 44417
L2ovar

HiddLe 5546 208,57 53.9% Bi.52
poartion

Inney 50,36 17,14 K8.20 17,10
LuYs




8or- o
2
B8 outer coven

70— MIDDLE PORTION
sol— E_zzmm CORE
AL
&
so— Fais Mmmm#
KRR £
Fregolh 2
= 40 vnm» ~ WMn w.“;
4 ﬁl &f.mw.sh ALl WM..W.x .u,n‘ -
w “,\u.nc.;m 58 g ﬂ“
() F 1 N ] r& NM (.
oy -
w AL iz ROt G
o 28 Xl e, Pl
S B4 235
o~ [k el / AliE
‘.A.t\vwrm e X --m\\\\ m..«,f.wm
SELS vari ) wmmw. %
o} Ry LAYt
.~. A ‘\.m, m pa)
..,,T*N ! T L,
A -.\..«\.. m{nﬂ:I »
o 23 Lol
o 1y Rl
GOOD URINATED URINATED
" F I B ROIN I C I N

FIG-4. PERCENTAGE OF SERICIN AND FIBROIN IN OUTER, MIDDLE
AND INNER PORTIONS OF SILK COCOONS



6%

ForLion
of
BT

bl
Lt

Horanl

%’M‘SE‘?} \)ﬁ

Uring sbtaingd
ﬁmm@na

m-mm ‘?ﬁ.mmm mwimm

%ibvmin

ngtewn
sovey

Hiddle
pordion

Qoee

Zotal agh %
o ppw
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Ln  ppi
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Total ash %

Ca ppn
K ppm

Ha ppo

.06
17,480
41 5O

1300.00

D53
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A%GH0D

.50
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Qﬁaﬁﬁ

15800.G0

Q. 996

128
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0404
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govar of good and urine stalned oocconsy whe found to be

the shine but the fivrodn of urine stainsd coosons of other
tWe pards contained eliohily more potassiunm, The fibesin
in 511l the thiee portions of urine stalned odcosns contained

morg caloiun and sodium than in tho £fibroin af good coedond.

A siik gonpongs

%o £ind out Ehe extent of penetyation of uréine in
ancsons, urle acid was egtisuted in sach 180 saters of nilk
raelod and was compored with that of normal cocoons, 1IN
normsl osccons D021 per gent of uric acid was found in the
Civae 100 wokers &eﬁgﬁh and in socond, third and fourth
100 weters no uric aold ¢ould be tezesd. In the urine
stelned coconns firet, second, third and fourth 100 moter
lengihs contained 1,671, 1.520, 0,310 and 0.140 per cent

urice acid respactively,

B¢ Boeling of urine stalned cozaonsy

one of the wain probless of avine steived ecocoons is

ooy reelability of such cooootio.

Realwsility

expariments wore eondusted on cocoous asupled L, 2, 3, 6,
&, 15 and 30 days after artificisl urination. They were

stanted for 2, 4, 6, £ and 10 winutes and cooked (boiled)



&7

for 4 and & minutes before sarrying out the reeling trials
€5 Find out the best osubination of treatments for resling,
Theze cbservations are recorded in Table 9. The obsarvations
aré statistieslly analysed sopirately for total length per
wocunt and nusber of coke por covodns The desiun sdopted
wan factorial expevisent in ReC.8,D0. design. Tobles I und
m’ i appendix ahow the analysis of verisnce pertaining €o

this atudy,

Humbey o2 cueg 9oy cogoon was found ¢o inoreass with
focrasss in nudvey of dave aftoy winstion. Homhsr of outs
significantly ifncressed after saooad éay of urinstion as
comparad €o the control. Ho ignificant Qifference was
' ohserved hetwaan the freatnsnte cooking and stesiing. There
is slight significant differsnte hetwesn shasrvations of
shesning and nwiber of days inverachione The best interaction
as coupared im oontrol is ;;1% lemay one dny afer upinuntion
uﬁi@h w‘zml gteamed for & minutes, wherens Dy8g, Jewe, 30 daya
after wrinntion which was steased for 10 ninutso gave maximum

muber of oubs por ooHLOON

Bn far ae total Jeuoth por covosn is gonousrned tha
urdne stained cocoons hed mo reletion with nunbor of daye
afrgr urinstion. Contrsl i.0. coooons without urine gtadn

were found to be significently differsud fyom 81l othep
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o

fg/ ——
Effect of

Auration of steaming and boiling on resi

A ) , i day -2 duys 3 days )
Bteam=  Solling e TR NT Total  loenf  Total Heeof TG
ing (cosking)  joneeh ocute length cuts length cuts lend

5 8 __m M
RL 300 - 380 2 aap 1S 441
4 pin, R2 390 - 200 1 400 3 39
. R”3 37 - 40D 1 WG a 3
, a4 280 5 300 1 340 - 30¢
min. BRI 320 1y 450 2 430 19 514
6 min. R2 450 2. 400 1 W|o 12 49
#3200 1 260 2 300 9 45¢
#4400 1 420 - 360 7 39t
BL 250 - 300 1 356 1 2810
4 wmin, 82 2680 - 380 1 320 1z 42{
R3 400 - 350 - o 2 414
RE 380 2 320 3 350 7 360
4 win, RL 250 =~ 250 3 wo 2 30
6 min. 22 230 2 260 1 S00 9 32¢
’2 200 i 329 1 320 ) 41¢
R4 420 - 410 - 0 11 a6t
RL 400 - 260 3 2 A2 36¢
4 min, R2 340 1 450 1 380 7 42¢
B3 a00 2 450 1 240 - 4RO
. R4 370 - 220 1 400 3 320
© min. #1500 b1 450 - 420 4 320
6 min, R2 390 1 300 3 450 2 320
R3 420 - 390 2 460 3 368
RE 350 2 400 1 360 2 410
R 390 - 420 - 300 2 480
4 min. R2 320 - 450 1 440 %
%3 320 - 450 - 400 7
Re 300 3 416 2 260 5
& win. a1l 380 - 4u0 1 290 10
6 min. B2 400 - 460 - 420 2
23 450 - 250 2 450 1
R4 350 2 420 1 N0 7
L 350 1 480 3 &00 3
4 mine B2 410 - 450 1 384 T
R340 - 360 - 350 2
R4 440 i 400 - 460 4
10 win, RL 440 - 416 - 400 5
6 min., RZ 390 1 A80 2 440 4
R3 350 - 450 1 430 2
R4 400 1 350 2 400 2
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Wility of urine stained eilk ancoons

6 duye vv ﬁ_ﬁayé 18 dnys | 30 ﬁﬁys

Control

xl  Hol.of Total Ho.of Total $0.0f Total Ho.of Totsl
. cuts  length cuts length outs length cuts length oubs

Hol.of

B . I, u
y 10 a0 12 450 10 %00 2 450 -
) 4 500 & 420 7 400 25 480 )
) 15 AL0 5 450 19 250 5 460
b 3 440 1 4en 4 400 2 880 -
y 2 3% 13 356 1B 450 3 510 =
3 a 490 4 300 12 440 5 500
) 7 /O 15 420 230 A5 470 -
) 12 430 1 420 1 386 15 480 =
) 18 410 2 400 9 460 B 460 =
y 2 476 1 280 6 480 5 47 -
q 3 400 10 460 .3 MO 9 480 =
9 390 7 400 12 30n 12 460 =
g 410 5 300 5 390 13 410 1
) 12 26 11 266 18 240 G 490
b i 420 9% 320 1o 310 7 460 -
b 5 450 6 360 5 480 & 460 -
b 9 5806 10 450 14 460 15 450 -
; 5 410 12 440 8 480 18 400 =
5 300 13 440 5 400 10 460 =
) 12 400 1 400 6 420 5 450 )
* 4 460 . 15 390 9 360 9 460 =
: 13 440 9 460 13 316 10 470 =
: 3 320 6 490 12 420 T 460 -
’ 2 390 6§ 510 11 400 185 460 =
: 1 300 5 360 14 30 12 480 =
| & 410 4 370 8 320 7 410 =
, 8. 460 5 410 10 460 11 480 =
H ) 430 12 2350 B 290 10 450 1
13 400 11 480 13 480 15 440 ~
) 450 9 490 10 400 17 390 w
2 480 10 220 g 160 6 489 =
3 390 & 370 5 300 S 800 =
10 420 12 480 - 1% 390 2 450 1
7 280 11 440 9 480 14 380 1
) R0 7 400 7 460 14 410 -
3 400 S 320 11 400 20 420 -
7 480 9 410 13 480 7 490 w
| 7 360 7 480 11 400 10 430 -
] 10 360 12 48D 8 350 15 470 1
3 410 9 60 7 310 a 490 =
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trastwentae. ALl che wine steined cocsons had ises fotal

langsl pey sochon a8 oompered o the nolestained oOUooNS.

Potal loncth of sllk yorn obtaloed per cogoon le
ot affesied by the suwhor of dave sfber urination and
stasning. Slight varioation shasrved betwsen the 2ifferent
ereataents are ot significant, Povover the novioal COCoHOR
ranling values ot »ll the ﬁurﬁﬁi@éé of stesming tried are
found to be slouificantly divferent frow that of the prine

aeningd ogoonde

(41} Baturglly tadned encoonss  Reeling
exparinents Wwere dong with sabturally urine stained csenone,
saopled 2, 4, 6 and 8§ days after urinssdon, They were glven
hot alr otifling, oteanm otifling and no stifling trestments,
The obeorvacions regavding the tokal langih of oilk gmr
gooonn and ausber of cube oeourred while roealing ave gives
in Yaonle zﬁ. Besults of total length and nudlmr of ooty
were statistically ansl yoed, The statintical Qdesligh spplied
was gimilar o hat of £5lik plet dsasiogn, The anslyais of
varience tables for the wo different sets of observazions,

are presented in Tables 132 and IV of appendis.

Tha rasuits reveal that the totnl isngth of eilk

thrand per aocpon 1a not affected by the number of days



ﬁmg;_i,gatians

&xx

fiéb.ef Total | %‘@’exf mm - ﬂ;.of
days Troatments m;;m;h cuhe Mg,gm outs
Stean stifling 360 B 200 5
R Hot alr stifliing 350 2 430 4
ﬁaya without stifling 320 - 430 1
m&m;., \ 420 = 250 -
steam stifidng Ta0 B 20 18
4 Hot' aiy atifling 200 18 280 15
93¥8  yithout stifling 280 8 270
Jontrol 300 816 1
fteam stifiing 250 15 e £
& Hot air stifling 3é£) 7 NG 14
A3YS  iehout stifling 360 8 3260 7
Control 430 2 450 X
Stean stifling 290 17 350 148
6 Hot air stifling o 1% e 12
days  without stifling 410 9 350 &
Control 450 - 489 -




=

eiivng of urine stsined cooosne

el dur i
BESCRES

a:ﬁﬁz _ ag?&' " Rg

Total Ho.0f Total lYo.of Total | Fo.of
engkth outs  length outs length  outs

o n 5

250 4 300 3 270 6
300 3 350 & 350 3
320 1 370 - 300 1
380 1 400 - 90 1
250 13 250 20 200 12
220 13 260 15 180 18
409 2 150 g 320 4
400 = 470 . - a0 -
280 18 280 12 gon 18
30 15 270 15 200 15
260 14 350 4 200 5
470 i 380 1 460 3
0 12 250 20 310 15
260 8 210 34 350 g
448 5 400 1 400 5
£20 5 396 - 450 i




71

after urination. Ri€ferent types of stifling significently
affect the totsl lenghh oFf ailk thread ﬁﬁ#‘@@@#@m, ?ﬁe@é
is & plonidicent difforene Datwesn the totel longth of silk
ﬁhﬁ&ﬁﬂ‘xaﬂieﬁ;i?ﬁﬁ-&tﬂﬁ& atifled, oot auifled (un-tremted)
and poewel gogoons. Similarly, length of thread reeled
Zyom hot &&ﬁ sbiflied bateh ds ﬁggmiﬁiaamﬁky 4iffnrent only
with sontrol though untyested batoh o8 cocuons hes given
wueh better resiing then hot atr stlfiing. Nowswar, there
WILE Ny azgniﬁiega% ﬁﬁﬁ%ﬁm&n&&-i& the lengih of the thraad
reeled from cocnens subjected to steam and hot alr stifling.
PTotal length reeled oy fram gontrol baboh {not. affestod by
urine) io significantly Siffersnt from etony stifled and
hot aly atifisd batches but not aignificantiy diflerent fros
, that of non stifled bateh. %he average length in differant

sﬁﬁﬁxing~tganﬁmeau&»gﬂa ae Follows,

Seenm sniﬁxiﬁg mwﬁ.mate#a,'
Hot alr stifling 200 wseers,
withour etifilng 351 woters and

control 416 mobors.

Unetained covoons gave 0,70 suds per oooooh, stalned
anapons withoud stlfling have §,20 cuts pey coooon while
hot aly aﬁiﬁiiﬁg and stearn stifling goave respeotively 10,65

asl 12,20 cuts por ¢aeoon. The differences noticed ave
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satistically slonificant,.

As far as nusher of oubs por cosaon in interaction
{Pifferant bteatments vs nustwr of doys after urinetion)
is sonderned, steam stifling has given mee pusber of ouks
and in sionificantly 44ffavent from sll other twesmmsnts
avcent with hot alr stdfitisg on 2nd and Aeh day afesye
urination. Husber of cuts ohtalned during recling of ering
stained bot zok stifled oncoons sre oomparatively lese dn
nupber and the éiﬁf@yan@@‘ameiaad £a significant agcept with
ausber of cute obbgined froo unzbtained oacoond,  The average
ey of culs per oooodn wnder interaction ars prossabed

in Tabls il.

(iid) SMoroseonie shesrvation of ue
Birn tiwreads carefully reeled frow upine staloed cocoons
aw well as frowm the novmal donvons were axandned undar a
migposonps. Yhe affected allk thrends were fount o have
ipveguiary sarfaces and anon-unifors asexicin ooating, Thotow
micrsgraghs of the pormel and urine stajned #iik thrazds ave

ahown in Pigures 7 to 16.

furing the

coolking prosees 16,79 por cont meriels is lowt frowm both

e noroal 89 well b the vrine stalned cooponss Thus he
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Ath day 276 12.60 210 14.60 36 3.40 392 0,40
6th day 26 15.20 . 294 13.35 250 7.68 438 1.6

8th day 305 15.80 252 11560 402 5.25 446 B
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mg., 7 « drine statned silk thread, 5 knot is
seen and on elther aide bHaves are apark,

Pige 8 » Urine stained silk thresd, a cut ix
Qb:sspvad,






Pige 9 « Urine stained silk thread, knot is small
and the baves on either side are not uniforw.

Pig, 10 = Urine stained silk thread. Raves are wide
apart due to dissolution of sericin bhetwesn
baves.
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ige 11 = Irreqgular dissolution of sericin is
clearly seen in urine stained asilk
thread,

Pige 12 = Urine stained silk thread, Small knot
found, but on either side baves are
uni form,



FIG. 11,




Pige 13 = nNormal 2ilk thread., ~aves found quite
uni form thrauchout,

*ime 14 = lirine stained silk coeoons, Shrinked
and deshaphed,



FIG. I3.

FIG. 14.



Pig. 15 = formal silk cocoons,

Flge 16 = omparision of urine stained and good
cocoons,
(Right hand eside urine stained cncoons)



FIG. IS.

FIG. 16.



Fige 17 = Amino acids (by two dimensional
chromatography) in normal silk
COLDONB

Pige, 18 = Awmino acids (by two dimensional
chrosatography) in urine stained
silk coooons,
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rige 19 « Amino acids (by two dimensional
chromatography) in fibroin of
normal silkx cocoons,

Pige 20 = Amino acids (by two dimensional
chromatography) in fibroin of urine
stained silk cocoons,
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Pige 21 = Amino acids (by two dimensional
chromatography) in sericin of
normal silk cocoons,

Pige 22 = Amino acids (by two dimensional
chromatography) in sericin of
urine stained =zilk cocoons,
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loss of sericin during cooking does not appear to be

affected by urine staining of c¢ocoons,

Urine stained cocoons

were treated with different softening agents, Thay were
then resled to ohserve the total lcngth'of silit and number
of cuts pnrrcacaan. The results are given in Table 12,
average total length of silk recled under diffarent treate
ments were as follows,

ontroal urine stained t 280 meters pesr CHCNON

{but not treated with
sofeening agents

Gadium sulphite ' 416 meters per cocHOn
Sdium carbonate ] 376 wmeters per cocoon
Saodiun hydroxide ] 356 meters per oncoon

Average number of cuts per eHooon resled under

different trestments ware as follows,

Control t 19,00 cuts per cocoon
Fodivm Sulphite ' 8,60 cuts per cocoon
Fndium carbonate ] 12,60 cuts per coooon
Sodium hydroxide ] 13,40 cuts per cocnon

The ohservations were statistioally anal ysed and the
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IABLE 22
£ a
Ryy Ryyx Rev Ry
. Average Avarage
inftening total Ro.
agents Total Total Total Total Total length of
No, of Naeof Ho.of No.of No.of M
vomaﬂ: ahs wlnanr ok ponan: pivingey nnnanr cuts wo“anw vk cuts
Control 250 20 290 18 250 16 310 as 300 19 280 19,0
sodium 410 6 460 ] 390 7 420 12 400 9 416 8.8
sulphate
Sodium 360 9 450 12 420 53 340 16 310 18 376 12.6
carbonate
Sodivm 280 15 k L1 15 400 12 390 10 360 15 356 13.2

hydroxide
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tables of analysis of variance for total lencth and number
of cuts per coconn are given in Table V and VI of the
appendix, The differences o:gerved hHotween treatments

are found to be statistically sionificant, fSodium sulphite,
sodiun carbvonate and sodium hydroxide have all given more
length of asilk and less number of cuts per cocoon wvhen

compared with contrsl,

7. Zolvents to remove the urine staing

irine stained cocorns were trexted with *Teepnl' a
laboratory detergent and alkalies like sodium hydrowide
and sodium carbonate, It was observed that urine stained
cocoons kept in 'Teapol' for overnight showed alight
bleaching of stain, Sodiun hyiroxide and sodium carbonate
were tried at 0.5, 1.9 and 1,5 per cent concentrations but
no improvement was observed, At hicher concentrations

dissolving action of alkali was observed,

The following aolvents and solutions were tried in
cald as well asworm conditions on urine stained cocoons to
remove the stain: distilled water, ahsolute alenhol, acetic
acid, petroleum ether, acetone, chloroform, methanol,
enzene 5 per gent, BEDNTA 2 per cent and S per cent, forwmic
acid, 5 per cent, formaldehyda 5 per cent, ascorbic acid

5 per cent, sodium cyanide 0,5 per cent, hydroxy guinoline
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5 per cent, dithiocarbate 5 per cent, diethyl glyoxime
5 per cent and borate buffer, Hone of these snlvents and
sslutions could affectively remove the stain on the silk

cocorns caused by urination,

The treatment vig,, Xeeping cocoons in hylrogen
peroxide (6 per cent) and gradually raising the temperature
upto 65%C and then keeping in aleohul overnight removed
stain on the cogoun to a considerable extent, loss reading
was 3,5 for asrmal cocoona, 3.0 for treated coconons and
2,5 for urine stained aocoons, Reflectance reading was 41
for normsal cocoons, 25 for the treated and 10 for urine
stained cocoons, The inetrument reading was previously

adjusted to 100 with standard magnesium oxide block,
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CHAPPER V

DISCUKKTON

It is stated earlier that little work has heen done
on the problem of urination of silk worem and its effect on
the quality and quantity of silk reseled from the urinated
silk cocoons, It is therefore 4ifficult to compare the

results of the present investigation with those published

elsewvhere,

Frpom the results of humidity and percentage of stained
eovoons recorded (Table 1), it could bhe obmerved that with
the increase in humidity in the atmosphere the percentage
of urine stained silk cocoons also increased, "uring the
rainy days generally urination problem iz severe because of
the hich humid condition coupled with fall in atmospheric
temperature, Sankowska and Xalyniak (1968) found that high
humidity caused more yvellow gtainine of silk cocoons,
According to Xumararaj (1969) high humidity coupled with low
temperature results in heavy urination of silk woras,
Madhava Rao (1969) als> reported that staining of gilk worm

cocoons is more during rainy season,
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fiureais in vertebrates as well as in invertebrates
is controlled by secretion »f a hormone and this physioe
logical process is affected by temperature and humidity,
Low temperature and hich humidity are found to bring about

diuresis,

Madrell (1954) found that the profuse diuresis in
fifth stage larvae was caused Ly the release »f a diuretic
hormone into the haem:) ywmph, Later in 1963 NMadrell
demonstrated that the diuresis in insects was caused by a
hormone released into the haemolywmph, He aleo found {(1964)
that the urination is verv sensitive to changes in temperature
and that both the rate of urination and the composition of
the urine are affected hy changes in temperature, Mills

({1967} noted that tesperature had profound effect on diuresis,

Prom the above discugsion it is evident that diureasis
is both temperature and humidity contralied bhecsuse the
neurosecretory cells vhich secrete diuretic hormones are

stimulated by low tewsperature and hich humidity,.

When the number of worms per (handrike were recorded
{Table 1) it was seen that less number of worms per sountage
would minimise the staining of eocoona especially during
heavy rainy days, The correlation co-efficient worked out

hetween the worms per Chandrike and number of stained cocoons
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iz found to be positive and fairly hicgh (0,731) revealing
that more number of CC0°"Sunuld be stained with increased
population., In a Chandrike when the number of worms
decreases, the space betwesn cocoons increases, !ence the
incidence of urine drops falling frow spinning worms directly

on other cacoons will be lesser than that of thickly

populated mountage,

When silk worms urine comes in contact with eocoons a
sort of deep yellow brownish stain on cocoons is found,
on drying, At the time of recling the silk thread from
stained cocoons hreaks too often, This reduces not only
the quantity of silk reeled but also its quality due to
chemical reaction, which affects the natural colour and

strength of silk,

3ilk wors urine is alkeline in reaction, Its avarage
pH is 8,6 (Table 2). This alkaline nature of the urine
appears to be responsible for breaks in threads while reeling,
The alkalinity of the silk worm urine dissolves the sericin
coating of the filament in patches which results in breakage

of silk thread while reeling {(“umararai 196%).

Total nitrogen content of gilk wors arine is only
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0,028 per cent (Table 2). However the total dissolved
material in urine iw considerably more (2,31 per cent),
This is due to hich concentration of potassium, calcium
and sodiua (9200 ppm, 375 ppm and 985 ppm reapectively) in
the urine, ‘ince all these would be in ionised state, the
electrical conductivity of silk worm urine is also high

(S milimhos per cm), Phosphates, sulphates and chlorides
are also found to be in fairly hich amounts (4,350 mg per
100 ml, 8,2 my per 100 ml and 0,80 mg per 100 ml of urine

regpectively),

The major constituent of silk worm urine is uric acid,
The concentration of uric acid in the pooled samnle of urine
was fours! to be 68,927 per cent, Hecause of this face,
several workers thoucht that uric acid micsht be reasponsible
for the characteristic yellow stain and filament breaking
in the urine stained cncoons (Kuwana 1937 and Hiratsuka 1967},
Though the silk worm urine contains about 70 per cent of
uric acid, it is alkaline in reaction., Aeccording to awk
8t ale, (1954}, uric acid forme tw: classes of salts neutral
and acidice The neutral potassiux and lithium urates are
eagsily dissociated and are formed into easily soluble alkall
salts while ammonium urate is more undissociated and is
aifficulty soluble hence the pil of the urine is alkaline in

nature, However Xumsraraj (1969) applied pure uric acid



on eoeoons and observed that pure uric acid apnlied cocoons
d4id not produce any characteristic brownish yellow stain

as compared to that of silk worm urine applied cocoons. “n
the other hand it was observed that any alkali above 1}
eoncentration would proaduce the similar brownish stain on
the cocoons. This reveals that it is the alkaline nature

of the silk worm urine that is responsible for the brownish

yellow stain on the coenons,

Sericin and fibroin are the twn main protein constituents
of silk, isricin, a gum like fraction forms the suter
caver whereas fibroin is the true silk and forms inner most
layer., Saricin in silk cocoons is found o bhe 27,60 per
cent in good cocoons and 26,24 per cent in urine stained
cocoons {Table 4), There is slight loss of sericin in urine
stained cocoons, This may be due to partial solubility of
sericin in silk worm urine, “ibroin in normwal and urine
stained silk cocoons is found to be 60,91 and 56,99 per cent
respectively, iere also there is a reduction in fibroin
content of cocoons, These results indicate that silk wora
urine affects not only sericin but also fibroin fractinn

of the silk, Simizguy {1957} observed that silk fibre mainly
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consiste of fibroin (70«80 per cent) and sericin (20=30
per cent) and “anavathi (1965) has reported 2% per cent
sericin and 75 ver cent fibroin in mulberry silk. The

results of the present inveatigation thus agree with the

observations of the investicators referred ahove,

(b} ok £ RS X

fibrojn: Inorganic constituents are found to be more in
urine stained cocoons gnmpared to those in the normal ones,
This is expected, The analvses reveal that both sodium
-and potassiom in sericin and fidbroin of urine stained
eoconns are more, This ia due to the hich content of
inorganic substances presant in silk worm urine, which will
add on t5 the cocoons vhen silk worms urinate, “otassium
content is vary high in the silk worm urine and in urine
stained cycoons. 8 a salt of uric acld potassium urate

in the urine beinc alkaline in reaction reacts with the
silx and causes staining and breakace of silx thread during

realing,

Aecording
to Simisu (1957) ailk fibre mainly consists of twn proteins,
vige, fibroin and suriciﬂwyig%ﬁnw ailk with a dualastic
structure which {8 not seen in other notural and synthetie

fibres (anavathi, 1965). Sericin fraction of silk contains
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less percentage of protein than whole cocaon and fibroin
fraction of silk and fibroin eontains high percentage
{B2=-86 per cent) of protein (Table 3), Urine affected
sericin and fibroin fractions and whole cocoons contained
comparatively less asount of protein than sericin and
fibroin fractions of normal whole cocoons. This can be
attributed to the denaturation of the silk proteins by

alkaline nature of silk worms urine,

It is possible to differentiate the cocoons into three
layers, viz,, an outer cover, middile portion and inner core
{Mosher, 1934), This differentiation i{s helpful in a clear
understanding of the binding of sericin and fibrain on the
cocoone Sericin and fibroin were estimated in these three
layers separately of the urine stained and good cocoons,

The results (Table ) show that fibroin sercentage is less
in outer cover and middle portion of urine stained cocoons,
It 42 almost the same in the inner core., This reveals that
fibrain in inner laver of ecocoon was not affected by silk
worm urine., The fibroin percentage is found to increase
towards inner core wheoreas sericin content decreased towards
inner core. Potassius, caleivw and sodium in seriecin of

all the three layvers of urine stained cocouns were more than

in the gnod coecoons (Table 7). The inopgunic oonstituents



are also found to be more in fibroin of all the three
layers of urine stained cocoons than that in normal cocoons,
The results therefore reveal that urine stained cocoons

are enriched in the mineral matter as these inoroanic

constituents are more in silk wors urine,

It is

important ¢o study the damage caused by silk wore urine on
different layers of cocoon by studying the extent of
penetration of urine in coconns. Uric acid was estimated

in each 100 meter length filaments of both urine stained

and normal cocoons, The results show that traces of uric
acid could be observaed only in outer 100 meter length of
fibre in normal silk cocoons, Yhereas in urine stained
cacoons more uric acid is present in the firat 100 meters

of fibre and it gradually decreases towards inner lavers

and it is almost absent in the fourth 100 meter length of
the silk filasment, It may thus be seen that silk worm

urine may penetrate tha cocoons upto 300 meters, i.e., 3/4th
of the cocoons but its concentration would be considerably
more upto 200 meters, i.e., almost half of the cocoons,

This isclication was obgserved while reeling the urine stained
cocoong, when upto about first 150 to 200 meters the reeling

was very difficult and thereafter it was comparatively easy.
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The analysis of whole
cocoons and sericin and fibroin fractious of silk has
indicated the nresence 9f at least eighteen amino acids.

“n gomoaring the results of analveis of the said throe
fractions of ailkX in reespect of their amino acid composition
as affected by urination, it is ohserved that while sericin
of the 204 cocoons contained all ths eighteen amino acids,
the sericin of urine stained cacoons contained only thirteen
anino acide. The amins acids which are found missing in
the sericin of the urine stained cocosns are aspertic acid,
eystine, clutamine, glycine and serine, The amino acids
pregent in the normal silk cocoons comsaratively in larger
amount are alanine, cystine, leucine, methionine, pheny-
lalanine, threonine, tryptophan and tyrosine, Tyrosine,
glyeine, phenylalanine, nroline, valine, tryntophan, leucine
and methionine are 7ound to be more in fibroin than in
sericin fraction and whole cxwonn, These findincs are
sinmilar to those reported by “enedoz &t al., (19%50),
Aricteux=treqor gt fle., (19%9h) and wagaraj and Basavanna
{19649} as far as the amino acid composizion of whole silk
covoons, fibroin and sericin fractions of silk is concerned,
“lutamin, olyeine, phenylalanine, nroline and threonine,

in whole oncoons were not affected by urination by silk

worm, lHuowever, the rezaining amino acid contents were
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reduced by urination,

The amino acids that are found affected by urination
are zostly those whose I values are in neutral to acid
range, The urine as reported earlisr has pH in alikaline
range, Therefore when these amino acids come in contact
with the silk worm urine they behavas like an anion and
fors salt with potassium and sodium of the urine and thay
et dissslved, dApart from the atainine of the silk, breakage
3f 8ilk thread during reeling of the urinated cocoons can
he attributed to the dissolution of certain amino acids of

the silk proteins in the urine,

In the present

investigation sericin of silk cocoon is found to contailn
more carbohwirates than fibroin and the whole cocoons,.
7ibroin and sericin of urine stained cocoona contained less
carbohydrates than fibroin and eericin of normsal coedons,
and silk worm urine lowered the carbohydrate content of
sericin to a greater extent, more than that of fibroin.
while in sericin, earvohgirates are found o have been
reduced by 53 ppm due to urination, in fibroin reduction in
carbohydrate content is only 14 ppms In 8ilk fibre sericin
forms the suter cover, Therefare it is first reacted by

urine and loses its carbohdrates, Csrbohwdrates and



nitrogenous constituents of urine appear to undergs

meillard tvpe of reaction, producing brownish yellow

stain on tha cocoons,

All the

bad effects of urination are reflected on the reslability
of the affected grvoone which lessen the marketable product
of the silk industry, The results of the reeling experi-
merits therefore reveal the extent and nature of damace

caused due to wrination by silk worm,

T™he silk thread of the urine stained cocoons 49 not
unpwind fresly as in the case of the normal cocoons, There
will be several! cuts in the thread, The urine stained

cocnons have therefore poor reelability,

Artificially urinated cocoons were steamed for five
different times and also cookted for 2 different timings,
Zesults (Table 9! show that there is no significant
difference hetween the two timea of cooking on reelability
of urine stained cocoons, Loss of sericin during eaoking
was studied, ‘o variation in the loss of ssricin is noticed
betwsen the urine stained and normal eocoons, The urine

stained cocoons wers subjected to reslin: teat after 4ifferent
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number of days of urisation treatment, Number of cuts

per cocoon while reelins gradually increased as the number
of days increased after urination treatment, ‘'lowaver, the
nunher of cuts remained constant from Hth day of urination
onwards, The results of one day urination treatment and
steanine for 68 minutes gave aminimunr numsber of cuts per
coanon during reeling. Hut the 30th day wrination treatment
and steaming for 10 minutes gave maximum number of cuts

per cocoon during reelinc, Jilk cocoons that were in contact
with urine for more number of days, nsturally gave more
cuts during reelinag because there was more time for chemical

and microbial reaction by urine on silk thread,

Observations were recorded on total length of thread
per eocosn when differently treated aocoons were realed,
althouch no relationship could be established hetween the
length of thread per cocoon and nusber of days after
urination treatment, it was observed that in general, all
urine stained cocoons gave less total length of silk thread
per coconn than the unstained cocoons, Here again, the
shorter length of the silk thread in the urine stained
engoons is due to the chemical and microbial action of urine
on silk mating it weak and thus also accounting for more

number of cuts during reeling,



In addition to

the reeliny experiment on the artificlslly urinated cocoons,
the reelin: experiments were also conducted nn natursliy
urine stained cocoons, Realing of naturally stained cocoons
for perixis upto 8 days after urination without stifling
gave better results than sinmilarly treated cocoonas but
stifled by different methods, Number of cuts per cocoon
during reeling increased in the fllowing order. Normal
unstained cocorons with atifling (0,7 cut per c¢ocoon 90 an
average), without stifling (4,20 cuts per caocoon), hot air
stifling (10,67 cuts per covwn), steam stifling (12,20 cuts

par cocoon).

Seifling of urine stained coneoons therefnre caused
more numsber of cuts during recling and it should he avoided,
This is because durino atifling diszolution sction of the
urine acts on sericin »f gilk and dissolves to a greater
extent during stifling and results into the discontinuity
a2f the thread, Thusz the irrveqularly dispersed sericin may
beqyme hard on drying vhen stifled and this may hinder the

swoath unwinding of the silk filament while reelina,

Higrophotographs (Fig,7=16) of the urine steined silk
filament clearly reveal the irregular distribution and

digsolving action of urine on sericin,
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Humber of cuts per cocoon while res=ling increased as
the aumber of dave after urination increased, in case of
stean stifled and hot alr stifled cocoons, ‘lowever in case
of cocoons without stifling treatment, nusber of cuts during
reeling did not increase with the number of days after
second day onward, Urine stained cocosns cooked and without
stifliny after one day of harvest gave reeling similar to
the unstained cocoons. “he results »f these reeling experie
ments there ore indicate that it would he more convenient
to reel the urine stained cotoons without stifling within

8 to 9 days after harvesting.

When urine stained coonons are stifled, the dissolved
sericin becoves dry and hard which ie mainly responsible

for hindering the smooth unwinding of the filament,

Frowm the results of the above two experimente it may
be state! that steaming the hot air stifled cocoons would
help the reeling of urine stained cocoons, 1 the other
hand 4{f the cocoons are steamed without stifling, reeling
will be more difficult, Either the urine stained cocoons
should be stifled and then steamed hefore reelino or they
should be revled without stifling and without steaming before

the emergence of the moth, Latter secma to be better,
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{e)
on silk gagoonss It is stated anove that breakage of

silk filament while reeling is due to the hard inelastic

nature of the irreqularly dispersed sericin in the urine
stained cocoons, [t may be possible that softening agents
would ease the reelability of such stained cocoons, “%esults
of the study of the effect of softenine agents (Tahble 12)
have shown that sodium sulfite would nive better ef fect
than sodium carbonate and sadiun hydroxide, Sodium sulfite
treated cocoons resled almost similar to that of non-urine
stained coconns, ftained cocoons treated with all the
three softening agents reeled better than the non-treated
urine stained cocoons, ilowever sodium sul fite treatmant
in cooking water cave more length of thread and leas number
af cuts per ¢ocoon, Godium gulphite s a milder reducing
acent, Its effect is therefore more gentle amn better,
dodium carbonate and sodium hyiroxide bein: more alkaline

in nature would cause drastic effect on silk thread,

5. 'V fu

Deep yellow staining of cocosons due to silk worm urine
on mountages is a major factor in reducing the cuality of
gilk and subisequently also reduces the msrket value of the

ecoaomns, Though stain on the escoronz has no appriciable
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effect on the final dyed silk, the stained cocoons and the
raw silk recled out of such oncoons feteh leass price in the
market, mog many workers have reported on this aspect of
the improvement of the urine stained silk coconns. Results
of the laboratory scale attempts made by the author in this

regard are briefly discuased helow,

Attempts were wmade to remove the silk wore urine stain
by using several polar and non polar solvents inworm as well

as ocold conditione,

‘Teepol’ a laboratory detergent has besn found to
remove the stain only to a certain extent, The stain could
not be removed comnletely by treating with ‘Teapol', Several
other solvents used alas did not give satiasflactory results,
tUse of hydrogen peroxide for half an hour and then keeping
the cocoons in aleoohol overnight and rinsing with distilled
water gave comparatively hetter result, The gloss and
reflectance measured for normal, urine stained and treated
cocoons show that the chemical treatment would apnriciably
improve both gloss and rafla?tance of the urine stained silk,
These results indicate that the urine atain on the cocoon
could be removed mare satisfactorily by hwirogen peroxide
treatment, Oleaching action of the hydrogen peroxide is due
to the oxidation of the yellow piguent of the urine to a

leuco compound,
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CHAPTER VI

SUMMARY

It is well known that yellow staining of coooons in
mountages is due to urination of silk worms durinc rainy

days and when there is high humidity,

Problem of silk woras urine staininog of cocoons is
severe mostly in Mysore 3State, since the multivoltine races
are cultivated in the itate all round the year. Climastic
environment during the period between the mounting and the
completion of cucoon soinning of the matured silk worm
especially during the first 30 hours period after mounting,

has much to do with the qgquality of the coeonna,

Aecarding to the availsble literaturs, the problem of
urination alen exists in Jaran and other silk producing
countries, iowever it is not 8o serious in other countries
as the mounting technigues are well developad there., The
problem of urination is tharefore concerned with praoper
modern mounting technicues and maintenance of good sanitation
on the silk farma, In order to improve the situation, the
present cocooning frames employed {n Hysore State must be

changed to those made of gemi maisture absorhant material,
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It should be asimilar to the rotatory mounting technigue
of Japan, in which some of the absorbing materials like
stravw mat oF paper are also used, fHilk worma mounted in
this turning frame spin cocoons of superior quality, The
other easy method ¢o eliminate some of the spilled urine
is o keep two mountages in an inverted 'V’ shape, This
also avoids direct dribbling of the urine on the ecocoons,
The only alteration nesded in thias case i{s that the mountaces
must be in a position to keep on the four aldes wiving
equal interval ¢o all the sides, Removal of the urine and
faeces once or twice during spinning stage would alen he

of much help.

-

Alkaline nature of the urine is mainly responsible
for the breakasge while reeling, ‘ver crowding 0‘&!\« silk
worms in the mountages should be avoided particularly under
high husidity condiecion, This will reduce the incidence
of stained cocoons as there will be sufficient gap hDetwesn
spinning larvae and the cocoons formed already, Contralling
the atwospheric humidity on larce scale is not possible
under villasge conditions, Thouch silk wors urine contains

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

311k oocoon mainly consiats of two proteinacious

substances called sericin a gumay fraction which forms the
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outer cover and filiroin a true silk, They are present in
the propartion of 217,60 per cent and 60,91 per cent
respectively., “inerals, amino acids, total protein and
carbohydrates in silk coconnz were analysed, i1k worm
urine affects not only sericin content but aleo fibroin
content of the cocoons, Urine stained cocoons are Tound
to be rich in mineral constituents, Protein content of

8ilk encoons is reduced due to urination hy silk wores,

3ilk ancoons can be differentiated int» suter cover,
middle portion and inner core, “uter layer of cocoons
sesams to be more affected by urine of silk worm than the
middle portion and inner core, dSericin content is more in
the outer cover and fibroin oontent is more in the inner
layers. Urine is found to penetrate upto first 200 nmeteras

of silk on the eascoons,

As wany as 16 amino acids are identified in silk
protein, “ibrofin is rich in many of the amino avids, 7“ome
of the anino acids are found to he affected by urination,
This is particularly so in case »f sericin protein, ZJericin
of silk cneoons contains more carbohydrates than fidbroin
or whole cocnon as auch, Effect of urination by silk worms
an ecarbohydrate content of sericin is found to be more than

that of fibroin.
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Reel ing experiments were carried out to find a better
wethod of reeling the urine stained oocoons, Reeling becomes
difficult as number of davs after urinstion increases.
3teaming the urinated cocoms is found ¢t have some favourable
effect on their reeling. The best way to over-come the
problen is to reel the urine stained cocooons without stifling
before emsrgence of the moth, few softening agents were
tried to ease the unwinding of filaments while reeling. Use
of sodium sulfite added while conking the cocoons s found
to be such useful in easing the unwinding of urine stained
engoons at the time of reelimu, A correct composition of
cookine water using sodium sulfite as softening acent may
be worked out to get bettar reelability of urine stained

CACHONBe

Hany solvents were tried to remove the urine stain,
Keeping cogoons in hydrogen peroxide for about half an hour
and then keepint over nicht in alcohol was found to remove

the stain to an appreciable extent,

As a suggestion for future line of work in thias reqard,
efforts may be made to breed the resistant races of silk
worms, which can withstand high husidity without affecting
the cocosns by urination, lHetter cienoning franes may be

deaveloped using semi-absorbent material like straw or paper,



which can be replaced once or twice during spinning stage
of the wirms, A suitable method for reeling the urine

stained eocoons without stifling may also be developed,
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