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1.0 INTRODUCTION 

:r,1ozyme CMticopeptide !i-ecetyl mura1111 l hydro lase 

EC-3.2.1.17) is widely distributed 1n nature. It bas 

been detected in nwnber ot body tluids, e.g., nasa 1 

mucus, aaliva, exudates trom 1ntect1ons, 1n extracts 

trca kidney, spleen, liver, lung and lymph. It is also 

present 1n certain plants and bacteria. Ii'sozyme has 

also been detected or iaolated 1n milk of human, bovine 

and ot several other species 1nc1Uding buffalo and 

goat. 

IvsoZ1118 plays a significant role 1n tbe 

inherent anti-bacterial property or milk. It occurs 

1n •err -11 quantity in milk as do other enzY111e s. 

In recent years ••eral investigations concerning food 

application ot qsoqme have been known. Rapid gain 1n 

bodf weight ot pre-mature 1ntants vas observed b)' 

ada1n1atrat1on ot egg white lysozyme (Sbat.D.1, 1966). 

Bakhri and Wolte (1971) showed that l.J'sozyme 

oan o•u• destabilisation or caaein micelles 1n a manner 

similar to tbe action ot rennin. ~il - Kuncevicz and 
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Kisza (1973) reported ttat added lysoz,yme hastens the 

digestion ot milk proteins by pepsin. Ivsozyme has also 

been used in the preservation of vegetables, t1sh, meat, 

truits, take and. sea foods, and in preventing butyr1c 

acid blowing in semi hard cheeses (Matsuoka, 1971). 

Although in India buffalo is tbe major milk 

producer followed by cow, goat contributes an appreciable 

amount or milk to tbe milk industry in certain parts of 

the country , it is genera 14' accepted that the com po s1 ti on 

of milk ot all species is ideally suitable for the 

growth pattern ot the young or the species, but goat milk 

has been found entirely suitable tor youngsters of other 

species which grow at approximately the same rate as 

kids. Further, goat milk products (cheese and butter) 

an becoming PoPUlalr in European COWltries. 

Very tev, it any, data exists on tb.e lysozYine 

trom goat milk. Therefore, preliminary stUdies were 

initiated with a view to gather information on the lysozyme 

content 1n tbe milk or various bre ds or goat, and to 

determine tbe effects of heat treatment and homogenisation 

on 1.yaoz)'me activity. An attempt "8s as well made to 

purify the enz1111e and caiduct kinetic stUdies with it. 



•••••••••••••••••• 
CHAP?ER II 

·················~ · • 
• • 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 

REVIEW OF LlrERATURB 



2.0 

The preaenoe ot natural antibacterial tactor(s ) 

1n treah bovine raw milk•• til'st re1>0rted by Kitasa to 

ln· 1889 •Dd 7ear lat.er b7 Fokkar. fbt ename recognised 

a• a qsoz1119, should be a basic protein ot molecular 

weight upto 30,000 and should be active against Microcogcus 

1tlQCleiktlou• The Com1as1on on Enz)'lae Nomenclature 

or the lilternationa 1 thion ot Biochemistry bas given the 

tolloving dealgna tion to l7902'31l8 a E .c.3.2.1.11; systematic 

naae macopeptide N-acetyl mura117l l\fdrolase; recommended 

~ uae mucopeptide gluoo}Wdrolaae. 

later, a auhst,ance detected in tbe na•l mucus 

and bod1 •orations by P'leming 1n 1922 va s named as 

l.7soZ)'lle becau1& it vaa oapable ot dissolvi.Dg certain 

baoi;er!a and it resemblecl ~IOQllle . Atter the crystalli­

sation ot ban egg vhlte lysoZ)'lle (BWL) (Abraham and 

Robinaon, 1937 )1 it beoaae ver7 Popular with the protein 

obem1st1. 
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Q;cyrr1nq1_ - IvsozYme bas a very c1de 

occurrence. It is ireaent 1n various species or 

plant and anlml kingdom. Jolles and Jolles U967) 

reparted presence or lysoz;vme 1n human tears. It is 

present 1n certain plants like cabbage, turnip, cauli­

flower and also 1n bacteria. It has been detected in 

a number or body fluids, e.g., nasal mucus, saliva, 

exUdates tram intections, 1n the extracts tran kidney, 

spleen, liver, lung and lymph (Goudswaard tl U•, 

1978). IvsozYme like particles were also reported in 

rat mammary tissue by Greenbaum U. ti• 0960). I¥sozyme 

ta s been detected in milk from a number ot species -

rat, sow, cow, goats, eve , mare, came I, duck, human, 

baboon, donkey and guinea pig (Borda t, 1928; Rosenthal 

and Ieiberman, 1931; Prickett li Ll•, 1933 and Cattaneo 

and Vergano, 1948 ). 

Sbablni ll. ll• (1962) determined lysozyme 

activity 1n raw bovine milk and observed it to be varying 

trom O - 260 ,11g/lOO ml with an average or 13 )lg/100 ml. 

Cbandan il_ 11· (1968) determined 1Yaoame coo tent 1n 

human, cow, goat, eve and sovs milk and observed it to 

be 400001 13, 25, 10 and zero Jll/100 ml, respectively. 
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Rae and Belvady (1973) observed lover lytic 

activity 1n bmnan milk colostrum than milk samples 

obtained between 1 and 12 months ot lactation. 

Henk1ev1cz and Swierczek (1974) determined 

]7sozJme act1v1t7 1n bOdy tluids ot adults and. children 

by d1ttus1on on aga.rose gel. These workers have also 

reported that average activiey of 21 human samples 

(3-4 days post-partm) was 65.0~ l0.2 mg/litre and 

tmt 1n serum 9.8~ 2.9 mg/litre. Schollenberger tl e.1· 

(1976) determined l.ysozyme level or jugular blood serum 

ot leukaem1c and healthy oovs. Mean values with standard 

deviation in blood serum or leukaemia and hea ltby cows 

respectively were 0.62~·0.40 and 1.27~1.14 ,.ug/ml. 

ItrsoQme was present 1n the milk or 8 leukaemic and 3 

healthy cows, the values were o.s2~ 0.45 pg/ml and 

0.37 ;t 0.22 µg/ml. 

Korhonen (lt177 ) reported lysozYme leve 1 in 

bovine colostrum as 0.40 ,ug/ml. Kancewioz and Kisza 

(1976) reported it to be ranging from 0.23 to 0.29 )lg/ml 

and ~ - 91 µg/ml tor cow and hman colostrum, respectively. 
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T~ reported lysozyme ccntent tor human and cow milk 

to be 15 - 60 µg/ml and 0.12 - 0.84 pg/ml, respectively. 

Gib bs tl al. (1379) observed t~t in drip 

brea st milk Ig A, ly so zYme and macrophage co!lc • and 

Cbemioa 1 comp0s1 ti on was similar to those or p0oled 

ma tare expressed hwnan milk except tor a lower rat 

content. 

2.2 f¥sogme Isglation tran Milk: 

There are var 1ous methods re ported for the 

isolation and paritication or milk lysozyme from various 

species. 

Parry ~ !.!· 0. 964) separated lysozyme from 

h11JMn and bovine milk (in human milk purified to 400 

times). The variolls steps included preparation or acid 

vhey' adsorption on Amber lite me-so, tractions 1 pre­

cipitation with CNH4 >2so4 and chromatograptv on Sept»ldex 

G-50. The Pl?'ification achieved was 36,000 folds. 

Jolles and Jolles Cl.967) purified lysozYme f'rom human 

tear a, tiss\18 secretions and milk lls1ng ion exchange 

cbromatograp~ on Amberlite and round them to have 
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similar amino acid sequence. Suosequently, 1n 1969, 

they also puritied the enzyme trom human, cow and goat 

milk obtaining high yie 1d and recovery. Mouton and 

.Tolles (1969) purif'ied lysozyme t'ran normal and abnormal 

tissues or secretions. Kimura tl U• (1970) 1sola ted 

l.7sozYme to the extent or 10 - 20 mg from human milk. 

Jaur"egui (1971) purified lysozyme rraa htnan 

and mare milk using bioge 1 CM-30 tor ad sor pt ion as we 11 

aa cbranatographJ and re-ohromatograpi\Y on A.mberllt,e 

but tbe reaoveey was poor. Rao and Belvady (1973) 

separated a basic protein tram human milk by (NH4 )2so4 

precipitation, aaid extraction and Sepmdex G-15 and 

G-75 tiltra tion. 

Gary U. ll.· (1977) developed a method to 

ae1&rate lyso73me t'rQn hen egg white, human blood, human 

and goats milk, and also trom some roods and biological 

tissues using deamina ted chi tin chroma tograpey. Recovery 

was round to be more than 99~. This method was round 

to be highq specific. Deaminated "hitin bad bigtm' 

cai:acita tor lysosyme, good stability and tast flow 

rate. 
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2.3 As•y pt I¥1Qz7me act1y1tv 1 

Ivsozvme ls detected by its activity agains t 

beat killed Mlc;rococcws ly pie 1kt1cus cells by measuring 

the decreaee 1n optical dens! ty (O.D) 1n a Spectro­

photometer. The Cc:amission on enzyme or I .o .B. bas 

recommended th.at lysoZ)'lle assa1 be baaed on the initial 

reaction rate measurement. 

Shatlln1 il U• 0.962) modU'ied tbe method 

ot Smoleilis and Hartse 11 (1949) ror egg, to adapt 

to milk. The i:rocedure includes preparation or cell 

snspenaion 1n Sorensen burrer (pH 6.2 ), so as to 71eld 

10 or 30% transmittance (T) at 540 mp 1n a Coleman 

Spectrophotometer, with distilled water set at 100% T. 

Three m111111 tre or whey is mixed witb 3 ml. or ce 11 

suspension, % T is recorded !mediate q a f ter mixing 

and atter incubation at :I?OC tor 20 min. Tbe decrease 

1n O .o. is re la tad to ~ sor,yme concentration. 

The above method was later moditied by 

Cbanclan t.t 11· (1965 ). They ire pared ce 11 suspension 

1n 0.06'7M sodium phosphate butt'er so as to give an 

initial transmittance or approximate]¥ 1()%, when diluted 

l a1 with enzyme sollltion. lhcrease in transmittance 
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vaa taken per min. at room temperature (approx. 25°c) 1n 

a Beckman DB Spectrophotometer. T.ater on, Parry tl ll• 

(1965) U98d a preparation of 50 mg % cell suspension in 

M/15 pbospha t.e buffer (pH 6.2 ). cne am a ba lf milli­

litre or ce 11 suspension and o.s ml of 0.3M sodium 

chloride solution is mixed with 1 ml or whey. The 

mixttre is stirred and rate or clearance of cell sus­

pension is measured in Beckman DB Spectrophotometer at 

540 mµ. 

}fl tusevich £.l !.l• (1969) developed a method 

tor large scale laboratory trials. ll this method, 

10 ml:.et suspension showing 4C>-42% transmit t.ance are 

added to i .o ml vbey, atter thorough mixing transmittance 

is measured 1n a nepbelometer/pbotocolorimeter using 

green tilter imnediately atter mixing and after incuba­

tion at 37.s0 c tor 2 br. The change in percent 

transmittance serves as a measure ot lysozYme activity . 

Rao and Belvady (1973) measured lytic activity 

or basic protein, 1solat.ed ft'Qn hUln n milk. The solution 

va s irepared such that one ml c en ta 1ned 2-20 _,,aig of basic 

protein. A cell suspension, 35 mg/100 ml in phospMte 

buffer (pH 6.2) containing 0.1 5' NaCl was i:repared. 
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Protein solution (0.1 ml) llfl S &dded to 3 ml Of suspension 

and decreaae 1n o.n. at 540 mµ after 3 min. was taken 

and. average decrease 1n o.o. per µg or ~sozYme per min. 

was calculated. 

Gary U. U• (1977) proposed a method which 

consists in pre}llra tion ot 30 mg/ml ce 11 suspensim 1n 

.066M phosphate butter (pH 7.0). Ten pl of enzyme 

solution 1s mixed vi th 3 ml of ce 11 suspension. Optica 1 

densi~ is read at 450 nm. in Spectron1e 20 Spectro­

photometer (Blusch and Iomb, Inc. Rochester, N .y.) set 

at o.s absorbance optical density 1s taken every 30 sec. 

tor 2 min. A decreaae in absorbance ot 0.001/m!n. was 

taken as me unit or enz111e activity. 

2.4 Ottwr Studies on Hille IN3QZzYlDess 

2•4•1• Mo1@qU1£ yeigbt datetm1pption and st;ructure -

Jolles and Jollea (1987) determined primary structure or 

h~ milk ~sogyme and shoved it to be containing 124!. 3 

amino acs1ds• Bit 1n 1969 tbey toand it to be containing 

129 amino acids. 

Bao and Belvady (1973) reported the molecular 
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veigbt or human milk lysoame to be 13570. Kimura il Bl· 

(1970) reported molecular weight of human milk ly sozyme 

to be 14000 - 15000 b7 Sepmdex G-50 gel filtratioo. 

Molecular weight or tbe bovine milk was determined by 

Parry !.t. ll.• (1967) • The~ ca lcul.a ted value was 

16200 1n contrast to 16000 obtained tran sedimentation 

equillbrillll method. In 1969, the same workers obt,ained 

the molecular weight 15000!. 600 by Sedimentation method. 

The amino acid sequence or the lysozyme s 

obt.ained tram tbe milk or baboon, guinea pig, chimpanzee, 

cow, sheep, pig, mare and kangaroo were determined by 

Kirshenbaum (1977 ). 

2.4.2 Ettect ot temperature - .Tolles and Jollea 

(1961, 1967) heated hman milk lysozYJDe (fDI L) at pH ? . s 

tor one min. at l<><>°C and observed 3 0% loss or activity. 

Jauregui 0.975) observed tlll t mare milk lysozYJne was 

st.able at acidic and neutral !lff but labile at alkaline pH. 

Kimura u U• (1970) showed human milk l.yso~me (HML ) 

to be lass beat stable tbln egg vbite lysozYme (EWL). 

Sha bani tl. 1.1• (1962) tcmid tba t human l'llilk ly sozyme 

(HML) and bovine lllilk lysoQme (ll(L) were stable at LTll' 

pe.steazii•tim treatment. Kisza li IJ..• (1977 ), Ford U. &l.· 
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(1977) and Enns li al• (1978) also observed s1mil/1r 

results. 

B1t.enm1ller tl I.!• 0.976) showed bovine mi lk 

l.7sozYme (BML) to be more stable than human milk ly sozyme 

(HML) at pH 4.0. But more labile at pH 7.0 and 9.0. 

Gary and I<roger (1978) round bovine milk ~ sozyme (BM L ) 

to be 99nsitive to heat. Panfil - Ktmcevicz and Kisza 

(1977) reported some loss in )¥sozYD1e at is0 c, when 

human milk was held tor L 72 hours at 4°c. Samples 

ot hllDan milk tree ted at 63°C tor 30 min. , 12° c for 

16 sec. or lOC>°c tor 1 min. contained 30.7, 26.9 and O 

µg/m l Vs 44 pg/ml ly sozyme 1n the unbea ted sample • 

Ru.egg et a 1. (1 '.1'17) adopted d 1rreren tia 1 

scanning colorimetric (DSC) technique to study thermal 

trans1t1ms or ~soeyme. The technique revealed 

conf'ormatiooa 1 changes st.arting at temp. as low as 45°c. 

2.4.3 Qptimum pH - ChaDdan tl U• (1965) reported 

tlat the bovine and egg white ~soames were active over 

the pH range of 3.5 - 9.5 with a minimum activi ey at 

pH 7.9 tor the bovine enome and at pH 6.2 rcr the egg 

vnite enon. The bovine ~ao13me vas more active in 
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the baa1o pH range in comi-rison with egg white lyso~me. 

Parry !!. 11• 0.969) reported optimua pH tor bovine milk 

]Jsoame (ll!L), human milk lysozYme ODIL) and egg white 

]JsozYme (EWL) to be 6.35, 7.9 and 6.2 respectively. 

Kimura ll. 1.1• (1970) determined optimum pH to be 6.0 and 

s.o for HML and EWL respectiveq 1n Tris-Maleic acid 

butter. 

Sec:liJDentation coaUicient and Isoeleatric point -

Sephianopoulos 1.1 Al.· (1962) reported sedimentation co­

efficient with. s~0 , w value or 1.91 s for egg white 

~soQ"me. Ct.nd,an !.'t,. !J.. (1965) found sedimentation 

eoetficient tran ultracentritugal data to be 2.00 s. 

Chandan li U• (1965) determined isoe lectric point 

or bovine milk lysoame to be around pH 9.5 and th.at or 

egg white l.ysoz;yme in the range 10.s - 11.0. 

2.4.5 Antibact;erial Jltppertie s ot l..v!iQzyme -

J¥soz1JD8 checks the growth or malQ' gram positive and 

gram negative strains ot bacteria (Sbabani, 1970. 

Addition ot NaCl or EDTA improved lysis by milk lysozyme 

and egg white lysogyme (EW L) (Vakil U. !l•, 1969). Bovine 

milk qsoQme does not show qtic activity 1n the absence of 
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aalt, e.g., NaCl, but hman milk qsozyme (l:IML) and egg 

white 17soqme (EWL) do (Parry U. U•t 1965). 

lt'ock (1979) atUdied antimicrobial activities 

or 11sozrme 1n milk and colostrlll• Korhonen (1980) 

observed tl'a t samples ot milk and colostrum or Finnish 

Ayrshire cows at 1-14 days 0£ lactation inhibited tbe 

test organism .!!• stearotl:Jermophilus; concentrations of 

]Jsoame were positively related with the inhibition 

zone diameter, obtained with 1ncllb8tion tor 4.5 hat 

ss0 c. 

waaaertall t.t. ll.• (1979) observed tba t egg 

white qsozYJ119 Cat a concn. or 500 U/ml) vas able to 

kill 99~ or 5 x io5 resting vegetative cells or ~ 
tnobQtnicWll within 24 h. of incllbation at 2s0 c. 
SPores were completely resistent to lysozYme. 

Digstibilit.v or l.vsozme by prot,ease enzxmts -

PUJ1mak1 U ti• (1973) studied changes occurring during 

roasting or ~sozyme at 100 - 3ooOc and observed that 

decomposition or amino acids started at 150 - 1se>°c. 
Acidio, aranat1c and alkyl amino acids decomposed slowly 

as compared to Tryptophan and sulphur containing basic and 
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~-twdroxy amino acids. Hayase tl !l• (1975) studied 

digestion ot roasted lysozyme by pa pain, protease, 

trypsin and pancreat1n, when roasted at 18<>°C tor 20 min; 

there was canplete digesticn of lysozyme, but the residue 

became water insoluble wben roasted at 2l.c:Pc for 20 min. 

It was ccns1dered to be partially based upon the de­

CQIPosition and racemisation of amino acid residues 1n 

]¥sozyme. 

2.4.7 C'ARnariagn ot 1vagzymo and oC-lactalbumin -

IS-ev tl. !.!• (1967) demonstrated similarity 

between the amino acid sequence ot a major section of the 

molecule ot egg white l¥sozYme (EWL) and r:J;. -lactalbumin. 

Ch this basis 1 they proposed ti. t the genes tor EW L and 

at:.. ·lac ta lbumin are derived from a common ance star. 

Krigbaum and Kugler (1969) showed that 

]¥100• was prolate whereas oC-lactalbumin -s oblate; 

hence, it was suggested tbl t they mi ve different molecular 

contormation 1n solution. Though, both tave almost 

equal molecular weights, the e1'tect1ve molecular weight of 

oC -lac ta lbUJD1n in solution is larger than tba t or 

qso fl'• which is, perblps, due to difference 1n 

conjugation and ~clration. Hill u_ !l.• (1~4) and Sharma 
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and Bigelow (1~4) reportAd tbit lysozyme and o(-lactalbum1n 

are related due to tbe1rhav1ng a similar three d1mens1ona 1 

structure. 

Ibpp 0.979) undertook detailed 1mmuno-chem!cal 

analysis or the oe-lactalbumin molecule and compared 

it with lysozrme. The antigenic determinants, severa 1 

or which are located around the disulfide bridges, stare 

certain cmracteristics with antigenic determinants 

identitied on the other proteins. IIImunologica 1 findings 

t~ lysozYDle aDd o<.-lactalbum1n were similar. 

2.4.s Ro1e ot added l.xsoZYll' in the manJlf'acture 
ot semi h@rd cmese -

The late blowing ot cheese is prevented by the 

addition ot lysozyme before incorporating rennet. Pulay 

and Krass (1966) added 0.2% (v/v) egg white lysozyme(EW L) 

or o.OOJ.% (v/v) egg white along with BWL to the pasteurised 

milk. They observed that egg wbite along with egg white 

]ysozrme vas more ettective than EWL alone. Egg white 

through it a avidin and cona lbumin cc:aPonents, bind biotin 

and terric ions respectively. Similar findings were 

rePorted by Koterska 11. ti• Cl9'72). Wassertall U. Ill.• 
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(1976, 1979) reported that lysozyme prevents late 

blowing or Edam cheese. Ebttazzi and Blttistotti 

(1979) also observed t~t late blowing or Grana cheese 

could be controlled by lysozyme. 
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3e0 MATERIALS AND METHODS 

3.1 Collaqtion pf' milk •mples :_ 

Pooled and 1nd1vidna 1 raw goat milk samples were 

collected trom the goat herd maintained by the Institute. 

The samples were assayed ttr enzymatic activity imtlediately 

atter collection. 

3.2 Cb@miga la needed : 

a) Kiqrqcocclla lvsode1kt1cua - Dried cells of 

Mioroqoccus ltsodelkticl11 were obtained f'ran Sigma 

Chemioa 1 cani-111 , U .s .A. 

b) r,1011JR• Grade-I - X,soame (lluramidase, 

mucopept1de N acet71 muramyl t>Jdrolaae) trom hen egg 

vhite3x orystalliaed, dialysed and lyoph11198d, was 

obtained t.rom Sigma Cheaica 1 Ccapany, U .s .A • 

o) P}!osphate butter - Pbospha te bllff'er (pH s.2) 

wa a prepared by mixing 81.5 ml ot monoba sic sodium tvdrogen 

phospblte (0.2M) and 18.5 ml ot d1bas1c sodium bfdrogen 

phosphate (0.2M) and •king tbe volme to 200 ml. The pH 

••adjusted to 6.2, 1t necessary. 



d ) "Amberlite "re 11p IRC-50 (H ) St,aMard grade -

It was obtained trom lDH Chemicals Ltd., Poole, England. 

e) "Amber lite" r111n CG-SO(H) Cbr'!P!.tocraphv 

~pe-I <110-200 mesh) - It was obtained rran BDH 

Cbem1ca ls Ltd. , Poole , Eng land. 

Sepb!d•J G-50 - Sepbade x G-50 used was a 

product ot Pharmacia Uppaala, Swed.en, and swollen in 

o.1M NaCl-0.lM sodium acetate butter (pH 6.0 ). 

3.3 J>rgteip Est1mat,tona 

Protein was estimated by the method or IA:>wry 

U. U• (1951) with egg albumin as reference protein 

tor ~wing stamard curve. 

3.4 raaame thit: 

<ne unit or enzyme activity, used 1n the pur 1r1-

ca tion procedare, was detined as a decrease or 0.001 in 

O.D • in C&rlzeiss Jena Spectrophotometer per twenty 

minutes per ml ot enqme sollltion used. 

3.5 Swqitig act1y11;y 1 

It was de tined as the uni ts ot 1y sozr-te per mg 

ot protein. 



3.6 f»rUiAatinp of enzYM: 

The purification of enzyme was done by the 

method or Olandan li !!• (1965) using Amberlite 

me-so and also Amberlite CG-SO. Tbe details are given 

in the flow sheet. 

3.7 Aa•x ot Waogme agtiyity in milk: 

J¥sozrme activiey in milk was assayed as per the 

metbod ot Sbabani ~ !1• 0.962) 1ncorJ>()rat1ng the modifi­

cations suggested by Parry tl 1.1• (1965 ). 

3-:7 .1 fremrat1on ot wh@x tor the AssaY: 

For Spectrophotometric assay or lysozYme, clear 

milk vhe7 served. as ttie source ot enqme. Whey was 

prepared 1n tbe following manner. Ten m111111 tre s of 

milk were dilated witb eqta l volume or 0.5% NaCl 

solution (NaCl is added to activate the en~me ). Ttie 

mixture va s warmed to :n° C and the pH va s adjusted to 4 . 6 

w1tti l N HCl to precipit.ate tbe i:roteins. The precipitate 

,.as removed b7 filtration tbrough tilter Japer. The 

pH ot the clear vbey was adjusted to 6.2 with 1 N 

aodium-tvdroxide. Tbe reslllting solution is then used 

as tile enQlle source. The total volume is kept constant 

in all the aamples. 



FLCM SHEET FCR PtRIFICATION PROC&OtRE 

Whole milk I Cream 

I 
Skim milk 

I 
pH lowered to 4.6 
vith lN HCl 

I 

sei-rated 

l 
I 

Cream X 
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casein x Whef' Adjust pH to 6. 2 and add 
Amberlite me-so or ca-so 
Equilibrate 1n phosphate bllffer 
pH 6.2 to adsorb the enzyt11e 
completely. Elute vitb pbospha te 
butter pH 6.2 

I 
' I ,----------------------------· 

I I 
Elm'nt Aaberl!te lRC-50 or CG 50 X 

Add Aanon1ma sulpm te 
to SM 
Cen tr ltuge tor 30 min. at 8000 rpn. 

f 

x 
Dissolve 1D water 
D1alyze against distilled water 
Fractionate on Sepbadex G-50 Colman (2.5 x 75 cm) 
Elute with o.1M NaCl -O.lH Sod. acetate butter pH s.2 

I 

I 
Collect active tractions. 
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A1•y gt 1Tmzyme; 

The cell suspension (20 mg % approx.) 1n 

phosphate butter (pH 6.2) was adjusted to 30% initial 

tran1111lttance in Carlzeiis Jena Spectrophotometer at 

540 Dll vitb distilled vater set at 100% transmittance. 

<ne mllllli tre ot milk vbey va s mixed wit ll a 

mixture of 1.5 ml or the ce 11 suspension am 0.5 ml or 

aodiWD chlorlde sollltian (O.aM). The optica 1 density 

(absorbance) vas recorded 1mmed1ately (zero min.) and 

again atter incubation at :rl°C tor 20 min. Tbe dif't'erence 

1n the optical density before and arter incubation 

( -L1 EMO) va s related to the 11' soz;vme ooneentra tian 

with the belp or a standard curve. 

3.7.3 JDmration or standard QurVl!I: 

Ceystalline eg~ white ]3soQJD8 (Sigma) was 

u.sed as tbe reference enqme in the preparation ot 

standard curves, and all the resu.lts are expressed in 

terms ot egg white lysogyme. For tbe preparation ~ 

standard curws (Fig. I, II) whole milk was used in vhioh 

the possibbt inherent qsozJll• act iviey was destroyed by 

boiling. Two ranges ot ]¥soi:rme concentration viz. 

(2 to 20 pg) and 5 to 50 ,ug/100 ml) were separate]T added 
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to milk and a clear whey was prepared tar use as the 

enznie source• The cell suspensim (20 mg %) 1n phosphate 

butter P~ 6.2 was taken and adjusted to 30% initial 

transmittance at 540 nm with distilled water .et at 100% 

transmittance. The curves were irepared by plotting 

- LlE540 values against the concentration of qsozyme. 

a.a CJal F1ltratim: 

a) f&eparat1on ot Ge 1 colnmp - The dry gel 

(G-50) was soaked 1n distilled water for 94 hours. The 

fines were decanted and gel was sllspended in the eluting 

butter (O.lM NaCl - O.lH sodium acetate bUffer pH 6.0) 

overnight and poured into a glass column 2.s x 75 ems. 

The gel in tbe oolmm was allowed to aettle tor 2-3 

hours prior to tbe application or the sample. . . 

b) Pnmration Pt the 9mpJe - The lyoJnilised 

sample was dissolved in m1n1mWll quantity or phosphate 

buffer (pH 6.2) and transterred to the gel bed tor 

aeivina• 

o) Filtration procedtre - Before a pp171ng 

le. t...._ 00 J.wm va s a llowed to dr• 1n unt 11 the tbe SlmP s 1~ 
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butter surface came 1n leve 1 wit b the ge 1 sar race • The 

aample dissolved 1n butter vas caretulq layered over 

the sur tace ot the ge 1 and the eolian va s a lloved to 

drain mitil the sample passed into the top layer or gel 

bed. Subaeqaentl.y, the column vas tilled with the 

elmnt and flow rate (1 mVmin.) was adjust.ed. Five ml 

ot el'8Dt was collected 1n each tube. 

d) Apalv1i1 of tractions -

The protein con t.ent 1n each traction was 

determined by I.owrJ 's metllod. The absorbance ot the 

developed blm colour "8 s taken 1n a Klett-Summer son 

Pbotceleotric Colorimeter using red tilt,er. Fractions 

re)n'ese.nt1ng individual peak or peaks vere pooled 

together, concentrated and analysed tor ~sozyme 

activity (Fig. III). 

3.9 J?plyagrylAmide gel eleq1;rophoreais: 

Tbe electrophoresis vas carried out in Bio-RAD 

disc electrophoresis apparatus according to the standard 

method. 

a ) rzemratim ot 1wlami41 mMemer - Stock 

acrylamide gel was prepared by mixing 8 g cyanogum-41 



and 28 g urea and volume va s made upto 100 ml by 

addition ot Tris-citrate butter (pH B.65). The base 

(0.1 ml) H'N'N'N' - Tetramet~lene dfamine (TEM&D) \its 

added with stirring, as a catalyst accelerator. The 

solution was then filtered and polymeri9fltion was initia t ed 

by addition ot 0.1 ml or fresh~ prepared ammoni.a 

per sulpmte (100 mg/ml). The material was then 

transterred to gel tube. The tubes vere held pre­

pendicular~ during their tilling and polymerisation 

with their lover ends closed by means ot pclythene caps. 

The tubes vere tilled upto mark, 10 mm from the top and 

each tube was then overlayered witla distilled water. 

These steps were completed within 10 min., trom the 

additicn ot per sulphate catalyst to monomer solution. 

The polymerisation is completed within 20-25 minute S• 

The caps were removed tran the lover ends or the gel 

tubes with care to avoid disturbing the gel by th.e 

etrect or suction. 

b) .§lactropMretic apneratus - The tubes were 

rued verticall.1 between upper and lover electrode 

reservoir which bad 12 boles each titted with a rubber 

gammet and an electrode tixed in the centre of vessel. 

Each tube ...-as inserted int,o tbe respective boles 1n upper 
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electrode reservoir. Unu.sed boles were sealed with rub ber 

stoppers. The upper and lover chambers vere filled 

vitb the lllDle burrer. The butters used were of pH 7 . 9 

(Na OH-boric acid), pH 9.5 (Tris-glycine), pH 10.0 

(RI OH-glycine), pH 10.6 (N!lOH-g1.7c1ne ). 

c) Prenarat1on and anpllcatian gt samples -

Pur1r1ed lysozyme and st.Andard lysozYme (2 mg/ml) were 

dissolved 1n buffer solution (veronal butter, pH 8.6). 

<be hundred to one hundred fifty Jll. or protein solution 

(200 - 300 pg) vas layered directly on the top ot each 

tube by means or a m1crop1pette and a current of about 

4 mA per tube was run and after 8 hours, the current was 

stopped• 

d) Spiping and deat;a1n1ng of the gel rod - After 

the rwi, the burrer solution 1n the upper tank was 

discarded and gel tubes were systematically detached. The 

gel rod was then ejected trom its glass tube vitb the 

help ot a tine needle. Tbe gel rods were then put into 

staining bath containing 0.1 % Amido black 1n 7% acetic-acid· 

The staining was canpleted within one hour and 

subsequently washed with water. The background staining 

was removed by washing ttie gel rods with 7 % acetic acid 

solution vith tew changes• Tbe stained Jrotein band came 

distinct with additional washings. 
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4 • 0 RESU r:rs AND D mcms IOM 

4.1 Ir30zxme cont.ant ot different l>reed:s 
ot gpat milk a 

Fresh milk aamples vere collected fran the 

Institute herd and assayed tor }f sozyme within an bo~ 

ot milking. 'l:be lysozyme activity of different 

breeds of goat are presented 1n Table-1. It was 

observed ttilt on an average Alpine bad the tiighest 

]JsoZ1JDe content (34.4 Jlg/100 ml milk) among the various 

breeds of goat tolloved by ~ta 1. The other breeds 

including triple cross tad lysozyme content in the range 

ot a. 9 - s.o pg/100 al. Earlier (Veena Kumar1, 1979) 

'Vfllues reported fran this laboratory tor lysozyme 1n 

cow, buffalo and goat were 18.01 Jag/100 ml, 15.21. jlg/100 ml 

and 7.99 _,ug/100 ml, respectiveJy. Ctandan et a 1. (1965 ) 

reported that bovine milk contained very low concentration 

or lysozyme (13.0 p.g/100 ml) while human milk showed 

39 mg/100 ml. 

!'\'om tbe above, it is clear tblt 1Ysoame 

content of goat milk varied from breed to breed. 



Table-1 

Jreed 

Alpine 

Beetal 

Alpine-
Beetal 
saanen 
cross 

Alpine• 
Saanen 
Beetal 
cross 

Saanen• 
Beetal 
cross 
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f!sozyme content or d1tterent 
reedn or goat milk. 

~ sozrme concentration 

No.or Range Average 
ani-
ma ls 

5 10.0 - so.o 34.4 

10 2.0 - 20.0 a.s 

10 2.0 - 10.0 3.9 

4 2.0 - 20.0 6.5 

6 s.o - 10.0 a.o 

~1.triblltian gt ltmgxme 1n goat 
idlk tr qn di«erent t;eat a! 

(µg/100 ml) 

Remarks 

Che sample with 
z~ro ~sozyme 
content -
average or 9 
samples shown. 

Two samples 
with zero 
l.ysozYJDe 
contents. 
Average of 8 
samples shown. 

-

For determining the distribution Pl ttern or 
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l;rsoQme ccntent 1n milk tram different teats or goat, 

samples ot milk from twelve different goats were collected 

and analysed fer lysozyme ccntent. The results pre sented 

1n Table-2 reveal that lysozyme activity 1n milk from 

different t.eats showed tmt nine oat or twelve animals 

shoved higher lyso73me content 1n the left teat. No 

det1n1te patt.ern or qsozyme distribution in different 

teats was observed 1n buffalo milk (Veena Kwnar1 1 1979 ). 

Similar results were obtained 1n cow milk (Shahan! il ll•, 

1962). 

Table-2 12~1~1':.1.bu.!iicn g' 1tagzvm1 ill umt 
milk trgn dif'terent teats . 

r,sozyme concentra tiai (µg/l oo ml) 

Animal r.tt teat Right teat Average 
No. 

1. B.35 s.oo 6.65 

2. 9.2() 4.20 6.70 

3. 7.00 3.33 s.1s 
4. 10.00 3.33 6.70 

5. 8.35 7.53 7.93 

6. 4.00 13.30 8.90 

7. 8.30 4.16 6.25 

s. 8.35 1.66 s.oo 

9. 3.33 5.86 4.60 

s.oo 9.20 1.10 10. 
4.10 s.02 5.86 11· 

13.30 14.26 15.20 12· 
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Goat milk was pasteurized according to HTST and 
I:rtr methods and lysoZ)'llle activity 1n such variously 

treated milk vas determined. Data included 1n Table-3 
would indicate that HTST pasteurisation or milk resulted 

1n an average destructiai or 64.5% in 4tsozyme ac t ivity 

while 1n the case of milk pasteurized by Ilt'U: method 

70.46% enzyme activity was destroyed. en boiling the 

milk f~ 10 min. 95.34 % enzyme activity was destroyed. 

In oompirison to the above data buffalo milk showed an 

average ot 58.34% de structicn (HrST ) and 7l .12d destruction 

(LTI:r) (Veen& Kumari, 1~9), while Sbatsni il al• (1962) 

reported deatruction of 59.1% ror HTST ~steurized milk 

and tor !:Dr i:asteurized milk, the percent destruction 

was more ttan double tor buffalo milk wnen compared 

to cow milk. Kuncewicz am Kisza (1~6 ) observed 

th&t about 31~ en~e activity was destroyed by LTLT 

pasteuriaation. 

&"feet of hamoania&tion of ggat 
mjllt on itg1Ysozme agtiyit.v 1 

An attempt -s made to determine the effect 

ot homogenisation on goat milk lysozyme. For this, ten 
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Table-3 Effect ot heat treatments of 
goa. t milk on Its Jisoqae a~t1v1!J 

IJ'soQme concentraticm (µg/100 111} 

Sample Rav !!oiled HTST I.:r LT 
Ho. milk milk 74°c ssc>c 

ror 16 ror 30 
sec. min. 

1· 6.00 o.oo 2.so 1.so 

2. 9.00 0.75 4.60 2.00 

3. a.so o.oo 3.00 2.00 

4. 11.so 1.20 3.so 4.00 

s. 11.00 1.15 4.00 4.00 

6· s.oo o.oo 2.00 2.00 

7. e.oo 0.60 2.so 2.00 

s. 7.00 o.oo 2.so 3.00 

Ayerage e.62 0.46 3.(1'/ 2.56 

% Destruct- o.oo 95.34 64.50 70.46 

ion 



pooled milk samples were taken and these were assayed 

tor lysozyme activity 1n raw and homogenised milk. Th.e 

homogenisation was done at 600 - 700 lbs per sq. inch 

Using hand homogeniser. The results are given in Table -4 . 

No definite errect or homogenization on the 1y so~me 

activity could be observed 1n the ten s&m!) les analysed. 

However, 1n at : least tive sar:i.ples, the lysozyme activity 

aeemed to have 1narea99d to various degrees, as a re sult 

of bomogenialtion. 

Table-4 

Sr .No. Raw milk Homogenised milk 

1. io.o 10.0 

2• 10.0 1s.o 

3. 10.0 10.0 

4. 15.0 20.1 

s. s.o s.o 

6. s.o 7.5 

1. 7.5 s.o 

s. 7,5 io.o 

9. 10.s 12.0 

10. 10.0 s.o 



4.5 pgrit1c;at1m ot lyaozxme tram_ 
coat milkz 
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IvsozYDle was par1t1ed by the proced11re adopted 

b7 Chand.an !l. U• (1965) with some mod1t1cations. Amber lite 

me-so and Amberlite CG-50 wre used as ion exchangers. 

Milk whey was prepared tr om skim milk. Subsequently, 

ammonlta sulphate tractiona tion was Cfll'ried out tollowed 

by cbrana tograpby on Sepblrose G-so. The tlow d1aer"ani 

ot the purification procedure 1s given on iage 21. 

Premration or XheY - Although lysozyme 

co\lld be adsorbed on Amber lite column directly tr om skim 

milk, a higher yield was expected when whey was used 

instead. Skim milk obtained trom tresh goat milk was 

treated with 5N HCl to pH 4.6 and the casein preci­

pitated at its isoelectric point was allowed to aettle. 

The resulting whey was filtered through cheese clot.h 

and adjusted to PB 6.2 with SN NaOH. 

"'agr ption pf 1v 1gzyme on Amb@r lite 

;mc-sO/CG-50 - The whey was cooled and then passed 

through Amberlite JRC-50/CG-50 column conta ining resin 

at the rate ot s.5 g/lltre. The rate ot tlow "8s adjusted. 

The eluted wbeY pos.es•d negligible lysoQme activity, 

indicating tt.t most ot tbe enQme vas adsorbed on the 

resin• 



4.5.3 Klatt.AP frqn Amblrlite lRC-50/CG-50 - Tbe 

wbe1 vaa discarded and tbe resin vas removed tram the 

oolmnn and washed witb deionised va ter until the decantant 

was clear• Then the resin was we.shed with pbospt.te 

butter (pH 6.2) and the eltJlnt thus collected caitained 

whole of' lysozyme 1n it. 

4.5.4 lTactignal pregipitatim with •mwPP1um auli? te -

The eluant tran tbeAmberlite column was chilled and 

ammonillll sultate was added while 1t1rr1ng till its 

concentration was SM (about 90% saturaticm ). The 

precipitate vas collected by centrifugation, dissolved 

in distilled water and dialysed agains t distilled water 

tar about tour hours. 

4.5.5 §@Wdt' Fractigtion - For cbromatograp~ 

some or the prhlaey materia 1 vas a pplied on the Sephadex 

G-50 column and eltllted with o.1M NaCl - o.1M sodium 

acetate butter (pH 6.0). Most or the contaminating 

protein was eluted in the first peak arter the first 

c~lumn volume and the tractions containing lysozYme 

activ1tJ were pooled together and the enzyme was pre­

cipitated vitb 5M ammonium slllhte dissolved in distilled 

water and then dialysed t~ tour hours against distilled · 

water. 
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The specific activity and told pur1f1ca tion 

ot the enzyme at each step of purification are given in 

Table-5. Wittl progressive stages or purification, t he 

enQme preparation had a higher specific activity. An 

average or 77 told pur 1r1ca tion could be achieved compared 

to tbe initial lysozyme activity 1n wney. However' 1n 

one trial, 160 fold purification could be achieved. This 

was the case when Amberlit;e me-so was used as cation 

exchanger 1n place or Amber lite CG-50 which yie lcied poor 

recovery. Poor recoYery of the enzyme in the pre sent 

work was attributed to the various experimental condi tions 

like less a.mount of star ting ma teri a 1, use or who le or 

skim milk and lover initial activity or the enzyme. 

cmndan il ll· (1965) isolated ly so zYIJle from 

bovine milk which showed a purification or 36,000 fold 

on milk protein basis and i,000,000 fold on whole milk 

basis. The starting material was 60 gallons as ccmpared 

to 5 litres used rar each trial 1n our experiments. 

Parry il U• (1969) purified lysozyme tram human milk 

which showed a purif'ica tim of 195 told, on milk protein 

basis• c;ary u_ U• (lg'/7) pur itied ly sozYme rr om goat 

milk, btaan milk and egg white using squid dech because 

ot its att1n1ty tor ~sozrme• They obtained 7, 36 and 

16 told purification. Butfalo milk lysozY?De we s 



Tabbt-5 

Par itica tion 
step 

1. Whey (litres) 

2. EluantCml) 

a. Ammonium 
anltate ppt 
(ml) 

4. Sepmdex G-50 
Eluant ~opbo-
lised tractions 
(ml) 
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~ammarx ot pgr1t1gat1on prqoedutt OD tbe b11i1 
ot tan tr2al1 using Amberlit;e me-so 

Volume t.bits/mg Mg protein Total Total 
protein per ml. protein units 

s.o 2.99 4.07 20350.00 14997.95 

5.0 5.97 0.45 226.20 2985.84 

ao.o s.oo 0.20 16.00 640.00 

7.0 7.99 0.14 0.98 55.98 

Specitic Fold 
activity purl-

t1cat1on 

0.1'3'1 -
13.200 17.8 

40.000 54.7 

57.130 ' 77.1 
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puritled l181ng CM ce lluloee to the extent or 46 told 

(Veena Kmart, 1979). 

4.6 Kfp•tio 1tJldia1 yitb 1oat milk lyaozyme; 

An enzy• preparation having 77.1 fold 

pur1t1cat1on vas tiaed tar kinetic stUdies. 

Bfftqt or temwratgre on lvsol)'llle actiyity -

Ettect ot d1tterent temperattres on tm goat milk 

]TeoZ1Jlle activity ,.as studied. A range or 20 - sci' 

vas selected and the results are pre sent.ed 1n Fig. rv. 

It can be seen that the optimum temperature for the 

enQme activit1 was at ~0c after vhich tbe acti vity 

sharply declined. At high temperatures, tbe enzyme 

probab~ gets denatured, thus showing lov activity. 

The opt!mllll temperature obtained in the present stlldy is 

11milar to that reported bf Sbabani li U• (1962) 

and is the opt1mwa temperature tar most or the other 

al lk enZ)'lle•. 

4.a.2 Ktigt gt pH en 1vmgyma agtiyitv - The 

enzJ•• preparation va1 aslllJ•d in tbe pH range or 3 to 9. 

The Fig. v depicts the ertect ot pH on lysozyme activity. 

The max•ua act1v1t7 was ob~rftd between pH s.o and 7 .o 
which means tblt en••• bas a pH optimum between 6.0 and 7.0 
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The aot1v1ty declined above pH 7 .o. Ctandan tt U• 

0.965) bld also observed that in general botb BML and 

EWL showed activity 1n a wide range ot pH (3.5 - 9.s) 

with a maximum activitJ at pH 7.9 tor BML and pH 6.2 

tor EWL. The two J.7sozymes obt.ained tran different 

sou.roes possessed different pH optima. Parry U. IJ.• 

(1969) observed tb1l t ht111an milk lysozyme exbibited a 

single pH optbua at pH 6.35 whicb caapared tavou.rabty 

witb that obtained trom egg white lysozyme. 

4.7 E1ectrophores1s ot paritied enzyme: 

The JBrt!al~ pur1t1ed ~soQ'me (to the extent 

ot 77.1 folds} as well as crystalline egg white 

]JsoZJme were subjected to polyacrylamide disc gel 

electrophoresis. Mobility of goat milk ~sozyme 

towards the cathode indicated its basic nature. 

-
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s.o SUMMARY 

1. 1¥ soz1me ccntent or goat milk varied tr om 

breed to breed. It ,.as observed, on an average ti.t, 

Alpine iild the highest lysOQ'll8 cc:mtent !olloved by 

Beeta 1, Saanen-Beetal oross, Alpine-S.anen-Beetal 

and Alpine-Beetal-saanen. 

2. Distribution pattern ot lyso~me content 1n 

milk ftan ditf'erent teats or goat shoved tbat on an 

&Terage, lett teat bad a higher 1Ysoz1!D• cai tent than 

tbe right me. 

3. An average destructiai ot 64.5% and 70.46% ot 

lysozY)lle activity was observed during RrST and Dl'IZ 

iasteurisatim ot milk, respectively. 

4. No s1gn1rtcant etfect ot homogenisation ot 

milk vas room on the lysoqme activit7 9 though 1n a 

tew cases there vas a slight 1ncrea98 in the enzyme 

activity. 

s. PUrltication with .Amberlite IRC-50 as a cation 



-•• 

40 

exchanger va s acbieved to tbe extent or 77 .1 folds. 

However, pariticaticn upto 150 to1'1s was also achieved 

1n one trial. Ho improvement 1n told paritication 

va a tound when .Amber lite CG-50 va s ll98d 1n plllce ot 

Amberlite me-so. 

6. Kinetic stUdi•s vith partially purified goat 

milk 1y soqme revea 1 tba t vberea s tbe optim\11 tempera tare 

tor the enzy• activity va s 37°c, tbe opt!!Dllll pH range 

was between 6.0 - 1.0 

7. Goat milk ly sozYme behaves as a b& sic protein 

due to its electropboretic mobility towards cathode in 

polyacrylamide disc gel electrophoresis. 
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