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INTRODUCTION 



1. INTRODUCTION 

!'\ilk, produced tl'ldar normal conditions by healthy Cflimals, 

contains a variety of anzy11as. l"lammary gl~ds are probably t he 

site of production of these enzymes. Shah~i !l .!!.· ( 1973) a'ld 

llhitnay (1958) reported that bovine •ilk contained ovar 20 enzymes, 

produced by ma11111ary gl~d. The principal enzymes are catalasa, 

peroxidase, x-1thine oxidaae, alkaline phosphatase, amylase, 

protease, lipaaa cwid aldolase. Soma of these an~ymas are 

concainad with the synthesis of co111pol.6lds like lactose, rat cwid 

protein, W\ila others are aaaociated with certain aspects of ~ilk 

technology. 

A number of other anzyus also occur in 111nor qualtitias, 

hot11Sver, relatively little or no definitive information is 

available concerning their presence, role or significance. Lyso­

-zy11e ia ane such enzyme. Due to its ability to act as an anti­

bacterial ractor(s) in bovine •ilk, it has ati11Ulated the 

interest of chemists and bacteriologists. 

Several investigation concerning rood application or 

lyaozy•a have been knot11. It haa bean ahoWt that lyaozy• can 

CMI• destabilization of caaein .. icellaa in a • .,nar similar to 

the action or rennin. It haatana the digestion or 19ilk proteins 

· by p•pain. Eggs "1th a high lyeozyae cantent. •ainteinad quality, 

roam atability, rertility, .-.d hatchability batt er tha'l eggs 
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-..ith a lo-.. lyaozy1Q9 cantant. Lysozyne has also bean used tor 

preserving trash vegetables, tiah, -=tat, truits, sake .-ad sea 

roods, did preventing butyric acid blolldng in semi-hard cheeses. 

It has also bean aholill'l to be usad in tnatnent of sub-clinical 

mastitis. Dua to its -..ide applicability, it baco11&s i111p9rativa 

that ita level did properties in 11111< of difterent apecies be 

properly investigated, so aa to enable us to exploit its potential. 

several workers have either datactad or isolated this anzyae f'rOil 

the •ilk ot donkey, •are, camel, hu11.-a, rat, cat, rabbit, dog, 

ilama, pig, iheaua llOnkey, sheep, co-.. ~d guinea pigs. 

In India, einca buftalo ia the major •ilk producer followed 

by co-.. and goat .-.d aa thare ia absence or literature on buffalo 

milk lyaozyma, it -..as considered desirable to initiate studies 

on buffalo 11ilk. In the present study, the distribution or 

lyaozyma among the available three species namely, co-.., buffalo 

and goat, and preliminary studies on butfalo silk lyaozyme ware 

carried out. An atta11pt has ba•n mad• to isolate lysozyma fro• 

buttalo •ilk in a pure rort1 .-.d to •tudy 80M of its properties. 
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2. REVIE~ Of LITERATURE 

Lysozyiae is the name given to the enzy11119 "'1ich lysis the 

cell wall or certain bacteria. The Commission on Enzyme Nomen­

clature ot International Union or Biochemistry (IUB) designed 

lysozyMe aa £.c.J.2.1.11, systematic n.-e, mucopeptida N-acetyl­

Mura11yl hydrolase, recommanded trivial n8'19 mucopeptide-gluco 

hydrolase or lyeozy119 but not muramidase. 

fla11ing ( 1922) diacove red a substance in nasal mucus end 

body aecrationa, "'1ich was readily capable of' dissolving certain 

bacteria. Because of' its rese11blenca with anzyma, he named it 

lyaozy11a. Earlier it was studied by bacteriologists because or 

ita lytic activity against bacteria. following successf'ul 

crystallization or Hen egg-llhite lysozy119 (£111.) by Abraham and 

Robinean(1937), the anzyma bag!Wl to attract the attention of' 

protein chamiete. 

2.1 OCCURENCE 

Lysozyma is "1daly di•tributed in nature. Goudsllf8ard ~ .!!.• 

(1978) detected lyaozyme in a number or body fluids ••9• nasal 

11Ucua, ••lvia, exudate• tram intectiana, in the extract• f'ro• 

kidney, mpl•n, liver, lunt .-.d lymph. Joll•• and Jollas(1967) 

reported the presence at lyeozyma in hum.-. tears. It ie also 

preaent in pl.nta lik• cabbage, tuinip, cauliflower .-ad in high 

concentration in cartil~•. lta pr•aenc• in certain bacteria h.S 

alaa be•n reported. · 
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Ly•ozy•a has either bean datactad or isolated in milk 

frc:>ra a nu11bar of species - rat, aow, cow, goat, e_,a, human, 

11ara, donkey, caiaal, duck, baboon .,d guinea pig (Bordet,1928; 

Rosenthal .,d Laibarman, 1931; Prickett .!i .!!.•, 1933 .,d 

CattE11ao end Varg*1o, 1948). Lysozyne like particles was also 

rapor~•d in rat 11am11ary tiesua by Greanbaura .!i .!!.· ( 1960). 

2.2 ASSAV l'IETHODS 

Tha Comnaiseion on Enzy111a or IUB has racollMlandad that 

lysozy11a assay should ba based llt\e raver possible on the initial 

reaction rate •aaure11Slt. General procedure involves the 

preparation or call suapan sion or heat killed mic rococcusl yso-

daikticua calls in ., appropriate buffer, •ixing or the enzyme 

solution .,d raeasuring the decrease in optical density (OD) in a 

apectrophotoll9ter. 

9iah.,i et al. ( 1962) iaodiried the iaathod ef Smolailis --
and Hartsell ( 1949) for agg, to adapt it to milk. The procedure 

includes preparation or cell suspension in Sorenson buffer 

(pH 6 .2), so as to yield 10 or 30% t r.-ismitt.,ce {T) at 540 "f 

in a colam.-. epact rophoto•tar, ..I.th distilled water eat at 

100% T. Three millilitre of ..nay ie •ixed \Id.th J •l of call 

auepan aian, %T ia recorded i11118dlatal y after iaixing Sld after 

0 
incubation at 37 C ror 20 •in• The decreaH in 0.0. ia related 

to lyeozy111e concentration. 

O..-.d.-. .!1.!l• ( 1965) aodifiad the above •thod. Thay 

prepared call suepenaian in o.067 Pl aodiu11 phosphate buff'•r so as 

• 
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• to give *' initial trsisaaittSlce or approxicaat•ly 10:.(, ..nen 

diluted 111 "1th enzyma solution. Increase in trSla .. ittsica 

was taken par 11in at roo11 temperature {approx. 25°c) in a 

Beckm*l DB spectrophotometer. Later on, Parry _!l~.{1965) 

used a preparation or 50 .. g % call suspension in "'/15 phosphate 

butter {pH 6.2). Ona Sld half millilitre or call suspension 

Sld O .s lal or O .3 1" sodiul'D chloride solution is mixed llli th 1 ml 

or llh•Y• This mixture is stirred iwid rate of claarSlca or 

call suspension is 111easured in Beckm8l OB spactrophoto .. eter at 

540 !If. 

l'latuaavich !l .!!• ( 1969) developed a 11Bthod ror large 

seal• laboratory trial•· In this 11athod, 10 ~1 or suspension 

showing 40-42~ trsianaitt8lce are added to 1.0 ml ..nay, after 

thorough mixing trtW'lamitt .. ca ia iaaasured in a naphelo•etar/ 

p~otocolorimatar uaing graen filter immediately after mixing 

lfld after incubation at 37.S0 c tor 2 hrs. Tha % T change serves 

as a .. aaura or lysozy•a .ctivity. 

Rao Sld Balvady (1973) measured lytic activity of' basic 

protein, iaolatad from humat 11ilk. The solution was prepared 

auch that one ml contained 2-20 f"9 of' basic protein. A cell 

auepan aion, 35 •g/100 ml in phosphate butter (pH 6 .2) containing 

0.1~ NaCl was prepar•d· Protain solution (0.1 111) 111aa added to 

3 111 of auapanaian -1d dacrea .. inj.o. at 540 .,. attar 3 1dn 

. ~· waa taken .,d average dacrea• in,.- .o. per~ or lysozyme per 

•lnute wa• calculated. 
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Cary .!!.!!.·(1977) •oditied tha .. thod davaloped by Katz 

(1972) tor aeeay at lyeozyiaa ectivity. The 11athod cauia t.a in 

pHparation ot 30 11;/1111 call •uspaneion in 0 .066 I'\ phosphate 

butter (pH 7.0). Tan 1-'l of anzyaae solution ie mi/ ad with 3 a l 

of call auapen aian. Optical dan sity is read at 450 n 11 in 

apactronic 20 apactrophoto11eter (Bausch .,d Lo11b, lnc., Rocheete r , 

N.Y.) aet at 0 .S absorbance. Optical density is taken every 

30 sec. for 2 min. A decrease in abaorbance of O .oo 1/min i.as 

taken as one unit of enzyme activity. 

2.3 DISTRIBUTION N'IONG SPECIES 

9'ahani at al.(1962) determined lyaozyme activit y in --
raw bovine milk Sld observed it to ba varying fro• 0-260 f 91 

100 •l with an average of 13 ~g/100 111. Lyaozyme content in 

four apeciea of cowe namely, Holstein, Jersey, Guernsey and 

Browi Swiaa was 11, 5, 15 elld 21 f 91100 al, respectively. 

Chandan at al. ( 1968) dater•ined lyaozym content in hunact'I, cow, --
goat, awe and aow'a milk and observed it to ba 40000, 13, 25, 

10 .,d zero pg/100 111, reapectivaly. Chandsn et al.(1964) --
dater•ined lyao~y- content or 105 •8llpl•s of human •ilk lfld 

12 samples or human coloatru•• The lr-ozy• cancentratian 

varied tr011 3-300 11g/100 ial tor •ilk -0.th an average of 39 ffQ/ 

100 ml, tnd fro• 9-102 mg/100 Ill tor colostru11, averaging 

46 119/100 111. Rao tnd Blllvady (1973) observed lo•r lytic 

.ctivity in hUlllfl •ilk coloatN• thtn •ilk aamplas obtained 

bet...-an 1 tnd 12 11antha or l.ctatian. 
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H.,kietd.cz .,d S..tercnk 197•) deter• ined lysozyme 

.ctivity in body fluids or adults *1d children by diffusion on 

agro .. g•l • These ...orl<ers have aleo reported that average 

.ctivity or 21 hull., •ilk aamplea (3-4 days post partu ) "89 

65.0 .± 10.2 ~/litre and that in aerur1 9.8 .t 2.9 mg/litre. 

Korhonen {1977) reported lysozy11e level in bovina 

caloatru11 •• 0.40 fg/111. Kunce_.tcz .-.d Kisza {1976) reported 

it to be ranging frot1 O .23 to O .29 JJ9/ml and 37-91 ug/ ml for 

cow 9'\d human colostrum, respectively. They reported lysozyme 

con tent for hum., -1d cow milk to be 15-60 JJ91 ml and O .12-0 • 84 

rg/ml, respectively. 

Schollenberger .!i.!!•(1976) determined lysozy•e level 

of jugulet--blood-se ru11 of' leukaemic end healthy cows. Mean 

values 14th at.-adard deviation in blood serum of leukaeinic 

.,d healthy cows respectively were 0.62 ,±0.40 .-ad 1.27.± 

1.14 f9/19l. Lysozyme was present in the milk of 8 leukaeraic 

and 3 healthy cows, the values were o.a2 .± 0.45 p g/1111 .,d 0.37 

.± 0 .22 fg/111. 

2.4 ISOLATION or l"IILK L YSOZ""E 

l"lar:ay wortcare attempted to 1aolata and purify lysozy•e 

fro• •ilk of a number or apacias ao aa to atudy. ita phyaiolo­

-gical, nutritional tnd technological •igniricance. 

Pa~ry !.t •• (1964) purified ly•zytH rroia hUfllfl •ilk to 

400 ti••· Thay aleo i1olated it rl"O• bovine •ilk. Th• at•p• 

lncludetl are - preparation ot acid lltt•y, adaorptian on 
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Allberlita IRC-50, tractionel precipitation with (NH
4

)
2

so
4 

8'\d 

chro11atagraphy an Saphadax G-50, puri tic at ion wee upto the 

extent ot 36,000 tolda. Jollas ..,d Jolles(1967) purified 

lysozyma from humal tears, tissue secretions lWld milk using ian­

exch8'lge chromatography on ~mbarlita Sld found similar amino 

acid sequence. In 1969 they also puri ried the an zyme fro• 

humai, cow end goat milk obtaining high yield lWld recovery. 

l'\outon .-.d Jolla a { 1969) purified lyaozyme from normal ~d 

abnomal tissues or secretions. Using chro11atography .,d O"l-

cellulose, Kimura .!l .!l• ( 1970) isolated lyaozyma to the extent 

o~ 10-20 119 from hu11.-. milk. Jauregui (1971) purified lyaozyme 

from humewl aid 11are milk using Biogel Cl'\-30 tor adsorption ea 

wall as chromatography 8'\d rechro•atography on Amberlite, but 

the recovery waa poor. lzaka et al.(1971) isolated lyaozyme --
tro• hu•en placenta with a purification of 1550 t'olds. Rao and 

Belvady (1973) separated a basic protein from humen milk by 

(NH 4) 2so4 precipitation, acid extraction and Saphadax G-15 aid 

G-75 fil t rat ian • The en zyma obtained was homogeneous at 

confirmed by polyacryl .. ide gal electrophoresis • 
• 

Cary ~.!A_.(1977) developed a method to separate lyaozyna . 

tro111 hen egg, -.hit•, hum8' blood, hum., .-id goat milk• .-,d also 

rro• 80M foods _,d biological tissues uaing daaminated chitin 

chra11at.ogf11PhY• Recovery waa found to be more th., 99%. Th i a 

Mthod waa found to be highly apeci tic. O.aminated chitin had 

higher cap._aity tor lysozyae .-id also had good atability ~d 

raat flaw rat•. 
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2.5 KINETICS ANO OTHER STUDIES 

Lyaozy• is the first enzyme in Illich it is possible to 

underetaid the anzy11atic activity an the basis or the three-

dimensional fine structure of the •olecula. 

2.s.1 r.olecular .sight and structure 

Parry ,!i .!!.• ( 1967) dateraiined molecular weight or l yee>-

-zyma f'ro• bovine 11ilk. Thai r calculated value vas 16200 aa 

Yn 
co11pared to 16000 obtained f'ro• sedimentation aquilibriu•)ethod . 

Thay detert1inad •ino acid sequence or carboxymethylate:d deri -

-vativa .,d fouid it to be containing 123 .t 2 aaino acid 

reaiduaa. In 1969 the saae wort<are reported •olacule r _.1g-it 

to be 15000 .t 600, obtained from sedimentation velocity . 

Similar results .-re observed by Buse (1969 ) tor baboon •ilk . 

These reeults .-re different tro11 those reported by Rao S\d 

S.lvmdy (1973) lll'ticb was 13570 for hua an • ilk. 

Hua., •ilk lyaozyae cantaina 5-6 lysine, ana histidine, 

glycine, 6-C,., 12-Ala, 7-Val, 2-1\et, S-iaolaucina, 8- a , 

~Tyr, 5-6 Try, 2-Phen, 9\d 18 .;t 111t4 (Parry .!!..!!•• 19167) . 

~ereaa loll as 9\d loll• s ( 1961) ctat•l'9.in•d priaary s t l'9 o 

hu -' •ilk lyeozyea and lho.-S it to be containing 12 .! l 

al. 8 • 

C-tert1iftil . ~t 1n 1969 the y rCMMJ it t o c t 

•in• .:id•· 
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Kirlhenbau• (1977) also daternained the allino acid 

eaGIUenca of lysozy111e from cow, sheep, pig, 11ara, kangroo, 

chi111panze, baboon .,d guinea-pig 11ilk. 

2.s.2 Qptimum pH 

Lyaozyme !ttows lytic activity in a wide rtWlga of pH 

from l to 9. LyeozyM is also stable in lower pH region. Chand en 

~ .!!•(1965), Parry !l .!!•(1969) reported optiaun pH ror HML, 

B'\L .,d EWL to t. 6 .35, 7 .9 .,d 6 .2 respectively. Kimura !!_ .!!.· 

(1970) determined optimum pH to be 6.0 91d 8.0 for HML and EWL 

reapactivaly in Trie-Plalaic acid buffer. 

2.5.3 Iaoelectric point .,d sadi•antatian constant 

Ch.-.d., !l .!!.· (1975) datartained sedimentation coefficient 

tor Ertl 9"ld Hl'IL to be 2 .o S .,d 1.35 S .-.d i aoalact ric point to 

be pH 9 .s .,d 11.0, respectively. 

2.s.4 Effect of temperature 

Lysozy11a shows lytic activity in a wide raiga of ta11para-

tures. Thie has baen round to be quite heat atabla. Sh~ani 

at al. ( 1962) found Hl'IL .,d SW\L to be stable to L TL T paateuri-- -
-zation. Kiaza .!i .!i•(1977), f'o~ .!l .l.l·(1977) .. d Evans at al. --
(1978) aleo obeerved similar results. Jolles lfld Jollas 

(1961, 1967) heated H,.L at pH 7.S for one rain at 100°c .-.d 

ob.aarvad 30~ laas or activity. Jauregui ( 1975) reported that 

•are •ilk lyaozy•a was atabl1 at acidic .,d neutral pH, but 

labi.l• at alkaline pH. Ki11Ura et al.(1970) snowed H~L to ba --
l••• heat etabl• •• co11pand to £WL. Eiter\•ill•r .!i .!.l•(1976) 
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showed B'IL to be 11ora stable than H"l at pH 4.0, but more 

labile at pH 7.0 .-.d 9.o. Cary and Kroger (1978) to\6ld !J'IL to 

ba aanaitiva to ha at. 

Ruagg !!. .!!_.(1977) atudi•d tharraal tr!flsition by 

differential scanning colori11etar (DSC) and found that conforiaa-

0 tional changes atartad at temperature as low as 45 C .,d it was 

concluded that thermal stability observed attar heat treatment 

ot •ilk should ba dua to renaturation Mld not due to high 

te11pa rature. <:>~::s;t··~ .. 
./ i. ~!) ~ . ..... .-

Kiaza ,!i .!! • ( 1977) report ad that the re was no lo4s of"·. ,_,:'-· 
-\q. ~- / 

lytic activity lltlen milk was stored at 4°C tor ~ 72 hrs~~ ~ ~/ 
--= '"--~ 

Similar results 0 lytic activity decreased l&han stored at 18 C. 

were obaervad by Shah.-ai !l .!!.• ( 1962) tor bovine milk. 

2 .s .s Dan aturatian -by org.,ic .,d inorg.-.ic co•po'6lds 

Lyaozy11a is danatund by urea. gu.,idine-hydrochlorida, 

liCl and li~104 • Guanidina is vary •trong danaturant tor lyso­

-zy11a. Hamaguchi tnd Kurono (1963) studied danaturstion by 

gu.nidine-hydrochlorida by •easuring optical rotatory proper-

tiaa, viscosity .,d u.v. absorption, and da~on•trated that 

danaturation follo1119d tirst order. Creana tnd Pace ( 1974) 

raportad that lyaozyma ia vary rasist.-.t to uraa. It ia 

denatured only to a vary •all extent, av., in the presanca or 

9 · or 10 Pl urea. 

2.s.6 Oiaaatibility or lyaozyma by protease •nzy!l•8 

F'uji•eki £.I!.• ( 197J) roasted lyaozym at 100-J00°c 111d 
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.tudi.d ch.n9•• occuring and obsarved that decoaposition of 

•ino acids started at 1S0-180°C. Tryptoph-1, sulphur 

containing basic Sld j}-hydroxy aaL,o acid dec0111posed easily 

•• co11parad to acidic, aoraatic and alkyl •ino acids. There 

was cleav99• or peptide bonds by protein ~d water. Hayass 

~.!!,-(1975) atudiad in vitro digestion or roasted lysozyme by 

.p.-.craatin, trypsin, papain and protease. There was co"'Plete 

di9••tion Wien lyaozytm was roasted at 1so0 c for 20 •in, but 

the residue becaiaa water insoluble "'en roasted at > 210°c 

tor 20 •in. It -.as considered to ba partially based upon the 

dacompoaition and racemization ot amino acid residues in 

lysozy•. 

2.s.7 Role or different amino acids in the lytic activity 

It has bean reported that Tryptophan-62 is involved in 

the lytic activity of lysozyma as reported by a number or 

workers. lmito !l .!!.• (1975) obsarved higher V11ax value tor 

Try-62 oxidized lysozyma than tor native lysozyma, llhan the 

activity was studied towards glycol-chitin .ui bacterial call 

wall. It was concluded that Try-62 was necessary tor the lytic 

.c:tivity, ao higher Vmax value was obtained. F'dand at al • --
(1975) obtained similar results. ChSldal at al. ( 1975) --
aalactivaly ~odifiad lyaine, tryptophSl .,d tyrosine in 8'L 

and MML, to study the role or these amino acids in the lytic 

activity or lyaozyt19. They observed that ac•tylatian or lysine 

raaidu•a reduc•d tha lytic activity, _,.,ich cantributad to the 

total Daaicity .,d h9d no dir•ct function in anzyma ectivity. 
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O>eidatian o' tryptop9'an with N-bro11osuccina111ide snd inhibition 

with N-acetyl glucoeanaina snd histidine indicated that trypto-

ph _... was in vol vad in the au bat rate biAdin g ai ta ol' Hf'1L, but not 

2.s.a E''ect of' lvsozyH an bacterial growth 

Lyaozyae behaves as an antibiotic. It causes lysis ol' 

certain bacteria Sld inhibits tha growth or microorg21nisms. 

Several gram positive .id gra11 negative bacteria are susceptible 

to purified milk lyaozym (91~.ii, 1970). 

Wolin 91d Kosikowski ( 1955) 119 asurad sntibacte rial 

properties or cow's milk using lyoph111zed milk tablets in place 

or saturated disc•. Thia produced two inhibitian zones, 

primary 91d secondary. Primary zone varied seasonally to larger 

extant as co11pared to secondary zone -tiich caused disappeara'lce 

ol' bacterial colani••· 

Addition or 11ora th&l 0.012~ or lysozy11e to •ilk, 

decreased the total as well as colil'ol:iB bacterial counts 

(F'erlazzo at al.,1960). lltten NaCl is added to Ertl lfld Hl'f\L, it --
accalarated lytic activity or both live .-.d u.v. killed cells 

or Micrococcua-lyeodaikticus 1r1d Sarcinalutaa, but impaired tha 

lyeia or other bacteria~ 881l8itive to it. H0"'8V&r, in case or 

live .-.d actively gro"'1ng bacteria, addition or either NaCl or 

EDTA improved lyeia by 11ilk ly•ozy11e -1d EWL (Vakil !i ~., 1969) . 

Bovina milk ly.azy•a doee not ahow lytic activity in the 

ab .. nc• or salt e.g. NaCl, but Hl'IL .-.d ElllL do, Parry ll, !!• 
( 1965). 
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Oxidation or tryptoph.-. with N-bro11osuccinamida ~d inhibition 

with N-acatyl glucoaanaina .-.d histidina indicated that trypto-

phen was involved in the substrate binding site or H~L, but not 

or 81'\L. 

2.s.a Errect of' lysozyme on bacterial growth 

Lysozy•a behaves as an .-.tibiotic. It causes lysis or 

certain bacteria .-.d inhibits the growth or microorganisms. 

Several gram positive and gram negative bacteria are susceptible 

to purified milk lysozy• (9il:tlani, 1970). 

Wolin and Koaikowski (1955) •asured antibacterial 

properties or cow's milk using lyoph111zad milk tablets in place 

of' saturated discs. Thia produced two inhibition zones, 

primary end secondary. Pri11ary zone varied seasonally to larger 

extant as co11pared to secondary zone "'1ich caused disappearaice 

or bacterial colani••· 

Addition or mora th81 0.012~ or lysozyme to 11ilk, 

decreased the total as wall as coliform bacterial counts 

(F'arlazzo at al.,1960). llhen NaCl is added to 8"1L .-.d HML, it --
accalarated lytic activity or both live 81'\d u.v. killed calla 

or Micrococcua-lyeodaikticus and Sarcinalutaa, but impaired tha 

lyaia or other bacteria~ aan•itive to it. Ho-..avar, in case or 

live *1d actively gro-.ing bacteria, addition of' either NaCl or 

EDTA improved lyeia by 11ilk lyaozyma .-.d EWL (Vakil !i.!!.·•1969 ) . 

Bovina 11ilk ly90zy11a doaa not ahow lytic activity in the 

ab .. nce or aalt ••9• NaCl, but H~L 1nd £WL do, Parry !l.!!.• 

(1965). 



2.s.9 ractors affecting lysozyme l~vel in 11ilk 

l> 
Lyaozyma content in 11ilk is arracted by a nu~r or 

factors. It varied" rro11 species to species, bread to braed, 

seasonally IWld tor an animal from one milking to another and 

troll different quarters (Shahefli !i .!!.•, 1962). Lactation 

period upto 13 weeks has no effect on lyaozyme concentration in 

bovine milk. Ho1119ver, Kospakov(1975) observed that lysozyme 

content increased with advaicertBnt of lactation in camel's milk. 

Tadorov ( 1972), Gatz• ll .!!:.• ( 1974), Schollenberger !i ~· (1976 ) 

and Goudswaardll.!!.•(1978) found that lysozyll\& content in mil k 

increased during udder infection. 

2.s.10 Role of added lysozyme in the manufacture of 
semi-hard cheese 

Lysozyme llhan a added to cheese milk berore the incarpo-

-ration of rennet, prevents, late blowing of cheese. Pulay 

.-.d Kraaz (1966) addad 0.2% (V/V) Elil. or 0.001% (Ul/W) egg-~ ita 
• 

along with EWL to the pasteurized milk. Thay observed th at egg-
1 

lltlite alongwith ElllL was mpra effective than EWL alone. Egg-

"1ite through its avidin and conalbumin componen t s, bi nd biot in 

and ferric ions, respectively. Similar findings 1a1&ra repo r ted 

by Koterska .!l .!!.• ( 1972) .-.d Waasertall .ll .!!. • (1976 ) . 

lllesaertall !i&•(1976) also sho'lllid th at addition ' or 

drled egg-lltlita waa inerrectiva again s t l ate blowing or cheese 

.-.d lyeozyme had no effect on tha process of manutactura or 

chaeee .,d it can be used in place of nitrate in preventing late 

bloldng of chaeea. 
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2 .s ·11 Comparison of lxsozyme and ~-lactalbumin 

~lactalbumin has no separate activity in lactose 

synthatase assay, but acts as a modifier protein. Amino acid 

. sequence of lyeozyme frora bovine 11ilk has been sho1111 to be 

very IM.lch similar to °'-. -lactalbumin by Brew ,!i & . ( 1967). 

Krigbaum dld Kugler (1969) showed that lysozyme was 

prolate llliereas oZ.-lactelbumin waa oblate, so it is concluded 

that these have different molecular conformation in solution 

and lyeozyme undergoes very little changes in solution. Both 

these proteins have approximately equal molecular waights and 

the effective •olecular weight or -lactalbumin, in solution 

is larger than that ror lysozyme ~ich is due to difference in 

conjugation and hydration. 

3' arm a ..-d Bigelow ( 197 4) observed th at both 

o(-lactalbu11in Sld lyaozyrne respond similarly to danaturants, 

which indicates that the ae may have similar three dimension al 

atructure. Hill .!i.!!•(1974) also reported -l actalbumin 8'\d 

lysozyme to be related to each other with respect to their 

avoluticn ~d thrae-di~eneional structure. 
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3. 1't AT ERI ALS AND M Eni ODS 

3.1 Collection of ~ilk 

Pooled raw buffalo milk aamplaa lf'\d individual samples 

of buffalo, cow and goat milk were collected from the herd 

maintained by the Institute. Collection was done twice, in tha 
·:J. 5501,t ed 

morning 8ld in the evening _..d 11ilk .-> dya~d for an zymatic 

activity. 

3.2 Chemicals needed 

{a) Micrococcua lyaodeikticus:- Dried cells of 11icrococcue lyeo­

daikticus ware obtained from Sigma Chemical Corap .. y, U.S.A. 

(b) Lyaozy11e Grede Ia- Lysozyne {11Uramidasa, mucopaptide N-

· acetyl muramyl hydrolase) from hen egg-11\ite 3 x crystallized, 

dialyzed .. d lyophilized, was obtained from Sigma Olemical Co., 

u.s.A. 

(c) Phosphate-buffers- Phosphate buffer (pH 6 .2) was prepared by 

mixing 81.5 ~l of monobaaic sodium hydrogen phosphate {0.2 M) 

IWld 1e.s tll or dibasic •odium hydrogen phoaphate(o.2 I'll) IWld 

making the volu• to 200 ~l. The pH is adjusted to 6.2, if 

naceeaary. 

(d) CM-Celluloaea- It wa• obtained from Sigma 0-.emical ConaplW\y. 

Equilibrated in phosphate buffer pH 6.2 for overnight before 

Ull•• 
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3.S Speciric activity 

It waa detinad as the "'its of 1 ysoz per ~ of protein. 

3.6 Purification of ..,zy• 

The puri ricatian or en zye was done by the 111ethod of 

Chanddl ~ .!!·(1965) uaing C!"-cellulose instead of A berlit• 

with aou 11adificatian. The detail• are given in now sheet on 

pag• 1e. 

J.7 Assay or lyaozy91 .ctivity in •ilk 

LyMzy• .ctivity in •ilk was assayed as per the •thod 

or Shah.,i et al.(1962) incorporeting the nlOdification• auggeatad --
by P•rry _!i .!!.• ( 1965). 
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fl.OW 9t££T FDR PURI ntATION PROCEDlltE 

t 

' • 
' 

.. OLE P\lLK 
: CREAi" SEPARATED 

• • 
' ' 

' t 

SKIPI RILK 
' • : pH LO~REO 
: TO 4.6 lllITN 
: N- HCl 
t 

• • • 
' 

CREN" 
x 

• 
' • • CASEIN _,.£Y 

x 

I • • • 
ELUANT 

• • 

• : ADJUST pH TO 6 .2 
; ADD c:P'-CELLULOS£ 
? EQUILIBRATED IN PHOSPHATE 
: BUF'fER pH 6.2 TO AUSDRB 
; THE ENZW\E COMPLETELY 
' ELUTE Ull ni PHOSPHATE flJ f'fER • : pH 6.2 

' ' • • • • 
CM-CELLULOSE 

x 
i ABO N'IP'ONIUl't SULPHATE 
: TO 5 "' 
; CENTRIFUGE ~ 30 ~tN • 
• I 

I 
I 

' PRECIPITATE SUPERNATANT 
' ' I 
I 
t • I 

' • 
' I 
I 
I 

' ' 

DISSOLVE IN WATER 
OIALVZE AGAINST DISTILLED WATER 
CONCENTRATE BY LYOPHILIZATION 

x 

FRACTION ATE ON SEPH ADEX C-50 COLUl"N 2 .5 >< 90 c11 
ELUTE WITH 0 .1 l't NaCl - 0•1 1-t SODIU"\ ACETATE 
eu F'F'ER , pH 6 .o 

COLLECT ACTIVE F'RACTIDNS, CONCEN­
TRATE BY L YOPHI LI ZATION 
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J.1.1 Preparation of !lley for the assay 

ror spactrophotoiaatric assay method of lysozy11a , clear 

~ilk llt\ay serves as the source of enzyr.ae. Ten mi llilitres of 

milk -.are diluted with equal volu!WI of o.5% sodium chloride 

solution (NaCl is added to activate the enzyme ) . The mixtu~a 

0 
was heated to 37 C iwld the pH was adjusted to 4.6 -.,ith N HCl to 

precipitate the proteins. Tha pr9cipitate was ramovad by 

filtration through filter paper. The pH of the clear latla y was 

adjusted to 6.2-0.th IN-sodium hydroxide. The resultin g solution 

is than used as the en zyma source. The total volume is kapt 

constant in all the samples. 

3.7.2 Assay or lysozyne 

The cell suspension (100 mg%) in phosphate buffer(pH 6.2 ) 

was adjusted to 10~ initial traismittaice at 540 mp in a ColamN1 

Junior II spectrophotometer Model 6/20, with distilled water set 

at 100% transmittance. 

()le 11illilitre of 11ilk llllay was 19ixed with a mixture of 

1.s ml of the cell suspension .,d 0.5 111 or sodium chloride 

solution {O.J M). The optical dansity (absorb.,.ce) was recorded 

immediately (zero min) .wld again af'ter incubation at 37°C for 

20 11in. Tha difference in the optical danaity before lV'ld af'ter 

incubation {- D E 540) . was related to the lysozyne concentration 

with the help of a at-1dard cu rva. 

J .7.J Preparation of at~dard curves 

Cryatallin• agg-..tlita lyaozyma(Sigma) was usad as th• 
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reference enzy• in the preparation of at9'ldard curves, and all 

the results are expressed in tet'llS or egg-tiilite lyaozyllB. For 

the preparation or standard curves (rigs .I, II) ""'ola iailk was 

used in "1ich the possible inherent lysozyrae activity was 

destroyed by boiling. Varying concentrations or lyaozy11e 

(1 to SO f9• ald 10 to 100 JJg/100 •l) ware added to this 8ld 

a clear "1ay was prepared for use as the enzyllB source. The 

cell suspension ( 100 mg%) in phosphate buffer pH 6 .2 was taken 

and adjusted to 10~ initial transmitt8lce at 540 mu a.i th disti­

lled water sat at 100% tr.-aar1ittanca. The curves ware prepared 

by plotting -6 £ 540 values against the cmcentration or 

lysozyna. 

3.8 Gel filtration 

(a) Preparation of gal colunn:- The dry gal(G-50) was soaked in 

distilled water for 24 hours. The fines were dec.,ted and gel 

was suspended in tha eluting buffer (0.1 ~ NaCl-0.1 M sodium 

acef..te buffer pH 6.0) overnight awld poured into a glass colulWl 

2.s x 90 cm. The gal was allowed to settle for so1118time and 

the column was flushed 1111.th the eluting buffer for 2-l hours 

prior to the application or aaflpla. 

(b) Preparation of aamplaa- The lyophilizad san.pla was 

dissolved in Mini!IU~ qu.-.tity of phoaphata buffer (pH 6e2) .,d 

triflafarr•d to gal bad for salving. 

{c) Filtration procedure&- Bator• applying th• aample, the 

column was allowed to drain until th• buffer surface ca11a in 

lavel ~ith the gal aur,aca. The aa111pla1 diaaolved in buffer were 
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carefully layered over the surface of the gal ~d the colunn 

was allowed to drain until the sample passed into tha top 

layer of gal bad. Subsequently the colunn was filled with tha 

elu!W'lt ~d 1'10111 rate ( 1 ml/min) was adjusted. Ten ml of elu~t 

was collected in each tuba. 

(d) Analysis of fractions:- The protein was determined in each 

tan ml fraction !Wld Klett reading 111as platted on graph paper 

against the fraction number. Fractions representing individual 

peak or peaks ware pooled together, concentrated aid aialysed 

for lysozyma activity( F (~ .JI[ ) . 

3.9 Polvacrylamide gel electrophoresis 

The electrophoresis was carried out in Bio-RAO disc 

elect rophorasis apparatus according to the s tS'ldard method. 

(a) Preparation of acrylamida monomer:- Stock acrylamide gel 

was prepared by dissolving 18 gm cyanogum in 100 ml of Tris 

glycine buffer (pH 9.5) \Jlich was prepared by di ssolving 6 gm of 

Tris buffer and 28.8 gm of glycine per litre of distilled water 

(Gary .!l .!!.•, 1977). 

To 13.5 ml of this solution, 15 ml of Tri9-glycina buffer 

(pH 9.5) was mixed. Tha base NN'N'N'-Tatramathylene diamine 

(TEJWIEO) o .045 ml was added with stirring, es a catalyst accele r a­

·tor. The solution was then filtered ~d pol ymarization was 

Lnitiated in it by addition of 1.S ml of freshly prepared a11mo-

l ium par-sulphate ( 15 mg/ml) (Weber !i .!1•,1972). The material 

~•• then tr~s ferr•d to gel tuba. Tha tubes were held perpendi ­

-cularly during their filling .-.d polymerization with their 
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lower ends closed by meCW1s of polythene caps. The tubes were 

filled upto mark, 10 mm from the top Efld each tube was then 

overlayered with distilled water. These steps were completed 

within 10 mi") from the addition of per sulphate catalyst to mono­

mer solution• The polymerization is completed within 20-25 

minutes. The caps were removed from the lower ends of the gel 

tubes with care to avoid disturbing the gel by auction effect. 

(b) Electrophoretic assembly:- Tha tubes were fixed vertically 

between upper and lower electrode reservoir lahich had 12 holes 

each fitted with a rubber gammet aid ai electrode fitted in the 

cent re of ves sal. Each tube was inserted into one of the holes 

in upper electrode reservoir. Any unused hole was sealed with 

rubber stopper. The upper er-id the lower chambers were filled wi t h 

same buffer (Tris-Glycine pH 9.5). 

(c) Preparation and application of sa!!!plas :- Puri fled l yso zyme 

~d stl:tldard lysozyne (2 mg/111) were dissolved in buffer 

solution (40 gm sucrose ctld 21 g urea added to 100 ml of 2% Na2co3 

solution in o .1 N - NaOH). cna hundred to one hundred fift y fl 

of protein solution (200-300 f9 ) was layered directl y on the t op 

of each gel tube by mectla of a micropipette aid e current of 

about 4 mA par tube was run aid after B hours the current was 

stopped. 

(d) Staining a"ld desteining of the acrxlamid• qel rod:- After the 

run, the buffer solution in the upper tct'lk was di s c a rded 8'\d gel 

tubes ystematically detached. The gel rod waa than ejected fro11 

its ·
91888 

tube with the help of fine needle. The gal rods _.ra 
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than put into staining bath ca'ltaining 250 mg Amide black in 

100 ml of 11eth~ol-acetic acid mixture {10:1)• 

Tha staining waa completed within one hour and subae­

-quentl y washed with water. The back-ground staining 1a1as 

removed by washing the gel rode 111ith meth~ol, acetic acid: 

water {50175&850} solution with raw ch~ges. The stained 

protein bctld became distinct 111ith additional washings. 

(a) SOS-polyacrylamida gal alactrophoresia:- The SOS-polyacry­

-lamida gel electrophoresis was performed by adding sodium 

l e1'ryl sulphate (SOS) to the pol yacrylamide gel, the gel buffer 

(Tris-glycine pH 9.S) contained 2% sodium lauryl sulphate ~d 

1 :;( 2-me re apt oath S'\ ol • 
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4. RESULTS AND DISCUSSION 

4.1 Lysozyme content of buffalo, cow el'ld goat milk 

Fresh milk samples were collected from t he In s t i t ute he r d 

and assayed for lysozyme within ~ hour of milking. The l ysoz yme 

activity of milk of different species are presen t ed in Table 1. 

On 81 average it was observed that cow milk showed maxi rr.um 

activity followed by buffalo 8'\d goat. However, Chand~~ al . 

(1965) reported that bovine milk contained very low concen t ra-

-tion of lysozyme (13 f 91 100 ml) \Jiile human milk showed 39 mg/ 

100 ml. 

Species 

Buffalo 

Cow 

Goat 

Table 1· Lysozyme content of buffab) , co w 
M'td goat lllilk • 

No. of 
$1imals 

32 

45 

Lysozyme concant ration (~g/ 100 ml ) 

R~ga 

0 - 100.00 

1.25- 209 .09 

o - 1s.oo 

Ave raga 

15 .21 

18.09 

7.99 

Ramarks 

Two samples with ze ro 
lysozyme content, 
average of 30 samples 
8hOW"l • 

ISie sample with zero 
lysozyme content, 
average of 23 samples 
sholafl • 

In an earlia r commun i cation• Sh~ani !i .!!. • ( 1962), on the 

basis of 67 cows of rour different breads reported varistion 

bat 1119en 0 lfld 260 r g/ 100 111. The average lyaozyma conten t of 



- 25 -

Browi Swiss, Guernsey, Holstein and Jersey 1a1as 21, 15, 11 and 

5 fq/100 ~l, respectively. It was, therefore, obsarvad that 

lysozyme contgnt varies from breed to bread. Furths r they 

also reported the vari3tions in lysozyrna activity from milking 

to milking. 

In present work, on an average it lias observed that 

Murrah buPf'aloea showed 1s.21 pg/ 100 ml, llilila for cow - Browi 

Swiss (21.875), Holstein (57.32), Tharparkar (3.125 ) , Sahiwal 

(31.33), Karan Swiss (5 .94) cwid Jersey (3.17) ~qi 100 ml. 

For Goat, Alpine sho1a1ad 35 .62 ~ / 100 ml \Ji i la cross­

brad .,i11als showed 7.37 fg/100 ml. However, these results ara 

shoun species wise in Table 1. 

4.2 Distribution of lysozyma in buffalo milk from 
different guartars 

In order to determine the distribution of lysozyma 

content in milk rrom diff'erant quarter, samples of five buff' aloas 

ware collected .,d cwialysad for lysozyma content. The results 

presantad in Tabla 2 ravaal that lysozyrna activity in milk rro~ 

different quarters followed no definite pattern of distribution 

and showed a random distribution or lyaozyma in different 

quarters of the udder. Similar results wera obtained for cow 

milk by ~ahlW'li !i _&.(1962) • 
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Tabla 2. Distribution of l~soz~me in buffalo milk 
from different 9uartars 

Lyaozyme concentration ~g/ 101 ml) 

"'1 imal Right- Right- Left-
No . 

Le rt- Average 
rear front rear front 

1 3 .70 s .oo 5 .oo 11 .so 7.80 

2 3 . 70 7 . 50 1.so 10. 75 7 .36 

3 10 .oo 3.75 5 .oo s.oo 5.93 

4 s .oo 5 .oo 5 .oo 6.25 5.31 

5 5 .oo s .oo 2.so 2.50 3.75 

4 . 3 Effect of heat treatment on buffalo milk lys ozyliS 

Studies were conducted, to determine the stability of 

buf'f alo milk lysozyme, at two di fferant convan ti on al pasteuri-

-zation temperatures. The results are reported in Tabls 3. 

An average of' 58 . 34;~ destruction was observed in case of !H ST 

pasteurization, l&hila for L TL T, 11.12/t destruction was observed. 

llhan milk 111as boiled for 10 min, 94 .S;i enzyme activit y was 

destroyed. from the data it can be observed th at en zyma is quite 

heat stable. However, heating f'or a longer time destroyed the 

l ysozyma act iv it y as indic at ad by L TL T pasteurization. 

9iah~i ~ .!.!. · (1962) also showed a destruction of 59.1 1' 

HTST pasteurization for co111 milk which is simil r to our value of 

SB . 34~ for buft'alo milk as shollfl in Table 3 . However, the perc~t 

destruction in LTLT pasteurization was more th¥\ doubli for 

buffalo ilk IJlen compared to cow milk as raportsd by 9"1ah8'li et !!.• 

(1962) atld Kuncawicz & Kisza (1976) IJiich is about 31 • 
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Tabla 3 . Effect of ha at t reatrrent s on buffalo milk 
lysozyme 

Lysozyma con cant rat ion (f g/ 100 ml) 

Sample Raw milk Boiled milk HTST LTLT 
Number 0 74 C for 63°C for 

16sac. 30 min 

1 s .oo 0 3.75 3.00 

2 10 .oo 1. 2s 3.75 2.so 

3 7 . 50 a 3.75 2.50 

4 12.so 0 3.75 2.so 

5 10 .oo 1.2s 3. 75 2.so 

Average 9 . 00 0 .so 3. 75 2.60 

Des- 0 94.50 58.34 71.12 
t ruction 

% 

4 . 4 Variation of lysozyma content in buffalo milk with 
respect to lactation period 

An attempt was made to determine the effect of stage 

of lactation on lysozyma activity of milk. Four animals in 

each group rap resenting early, middle &'ld late lactation ware 

selected. The lysozyma activity of milk from these &'limals was 

determined for th raa con sequtiva days. The values obtained are 

reported in Tabla 4 . Ch &'1 average lower values or lysozyma 

ware obtained in early lactation period as compared to middle 

and late lactation. 



Lactation 
period 

Ea rly 

Middle 

L at e 

Tabla 4 

Variation of lysozyma content in buffalo milk with respect to lactation period 

L ysozyme con cent ration ~g/ 100 ml) 

Time in 
days 

31 

34 

44 

61 

105 

105 

145 

186 

273 

273 

274 

314 

Pnimal 
Number 

378 

379 

380 

377 

372 

3S8 

351 

680 

118 

178 

290 

S79 

Lysozyme CCl'ltent or 
samples taken 

3 • 7S , 2 .so t 1 • 2S 

2 .so '2 .so , 3. 75 

2 .so' 2 .so' 2 .so 

2.so,2.so,3.75 

3.75,7.S0,3.25 

s.oo,s.oo,6.oo 

5 .oo ,3S .oo ,40 .oo 

1.2s,5.oo,1.so 

5.00,6.so,2.so 

3 • 75 • 8 • 25 • 1 • 2S 

7 . so ,5 .oo ' 2 .so 

4 .oo ' 10 , oo ' 2 .so 

Average of 
samples 

2.so 

2.91 

2.so 

2.91 

4.58 

S.33 

26.60 

4.sa 

4.66 

4 .41 

s.oo 

s.so 

Overall r~ga 

1.25 - 3. 1s 

1.25 - 40.00 

1. 25 - 10 .oo 

N 
a> 
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Pilother set of experiments on three animals of middle 

lactation showed that the lysozyme content increases during 

late lactation (Table 5). 

four Cflimals of early lactation group wera selected and 

lysozyme content of milk was determined. It was obsarved that 

in all the four cases lysozyma conten t increased with the 

adv~ce in stage of' lactation (Table 6 ) . 

Sh~Sli ~ &•(1962) also observed that lactation stage 

had no effect on lysozyma content of bovine milk, but Rao a'l d 

Belvady(1973) observed ai increase in lysozyme activity with 

the duration of lactation in humai milk. 

Gotze !l.!!.•(1974) observed ai incre ase of milk lysoz yme 

from second to sixth month of lactation in co111 milk. Similar 

results ~re also observed by Kospokov (1975) with Camel's 

milk. 

4.5 Effect of storage at various temperatures on lysozyme 
stability 

In order to dater1nine the effect of storage of milk on 

6oc .. lysozyme activity, three different temperatures - ~ 

21°c aid 37°c ~re selected . The milk samples were stored at 

these temperatures and lysozyme activity was d~termined after 

H hrs, 38 hrs aid 48 hrs. Tha results are presented in 

Table 7. 

A perusal of Table 7 showS that \&hen milk was stored at 

37°c, 76-100 destruction 111as obaerved arter 14 hrs, 38 hrs 



Animal 
Number 

372 

351 

350 

680 

1 

3.75 

s.o 

s .o 

1.2s 

Table 5 

Variation of lysozyrna content in buffalo milk with respect to middle 
a'ld late lactation 

Lysozyme concentration 
(f g/ 100 ml) 

Middle Lactation Late Lactation 
2 3 Avsraga 1 2 3 4 Ave rags 

7.50 2.s 4.58 1s.oo 30.00 2s.oo 30.00 2s.oo 

35 .o 40.0 26.60 300.0 309.09 263.60 286.35 289.76 

s.o 6 .o 5.33 110.00 92.00 83.00 83.00 92.00 

5 .o 7.5 4.58 

u 
0 



Animal 
No . 1 

377 

378 

379 

380 

2 .so 

3 .75 

2.so 

2.50 

~ . y-_ 
CJ 0.l 

_,.. ., <J\ ::::. . 

Table 6 

Var i ation of lyso z yroo c on t ent in buf'falo milk with respect to lactation 

EARLY LACT AT IO N 
2 3 Ave r age 

2.so 3 .75 2.75 

2.so 1.2s 2.so 

2.so 3 .75 2.75 

2.so 2.so 2.so 

Lysozyme cai cantration 'fg/100 ml) 

MIDDLE LACTATION LATE LACT AT! ON 
1 2 3 4 Average 1 2 3 4 Averag1 

5.00 s.oo s.oo 5.50 5 .12 10.0 9.50 10.00 9.75 9.82 

7.5o 6.oo 1.50 a.oo 1.25 1.so a.oo a.oo a.2s 7.93 

10.00 11.25 a.1s 10.00 10.00 12.so 12.1s 12.so 12.2s 12.so 

12 .50 10.00 10.15 10.2s 10 .01 1s.oo 14 .15 14.so 1s.2s 14.a1· 

VI ... 



Sample 
u mbe r 

1 

2 

3 

4 

5 

6 

Lysozyme 
concant rat ion 
at zero hour 

1.so 
6 . 00 

45 . 00 

40 . 00 

5 3 .oo 
7.50 

Tabla 7 

Effec t of s t orage at various temperature and time on lysozyma content 
of buffalo mill< 

t>°C 

6 . 00 

s.oo 
40 . 00 

40 . oo 

so .oo 
6 . 00 

20 .oo 
16 . 6 7 

11 . 12 
0 

5 . 66 

20 . o 

14 hours 

21°C 37°C 

s.oo 0 

4 . 50 1. 25 

42 . 00 52.00 

30 . oo 3.50 

28 . 00 1. 25 

3 . 75 0 

Lysozyme concant rat ion (.µ g/ 10~ ml) 

38 hours 

6°C 21°c 37°C 

6 . 00 3 .75 0 

6 . oo 3.75 a.so 
30 .00 92 . 00 o.2s 

s.oo 1.2s a.so 
40 . 0 67.0 0 

1 .25 o o 

48 hours 

6°C 21°c 37°C 

1.2s o o 
2.so o o 

30 .oo 
8 . 75 

35.00 

2.so 

0 

16.00 

0 

0 

0 

0 

1.2s 

0 

P E A C E N T A G £ D E· s TAU CT I 0 N 

33 . 34 

25 . 00 

6 . 70 

25 .oo 
7 .17 

so . oo 

---------- -----------
100 . 00 

79 .17 

9 1. 25 

76 .30 

100 . 00 

20 . 00 

0 

33 . 33 

87 .so 
24 . 5 

50 . 00 

37 . 50 

68 . 80 

100 . 00 

91.67 

99 . 45 

98 . 75 

100 . 00 

8 3 . 31 100 . 00 100 . 00 

83 . 34 

58 . 34 

31 . 34 

713 • 13 

31 . 96 

66 . 67 

100.00 100 . 00 

100 .oo 100 . oo 

100 .oo 100 .oo 
100 .00 

100 . 00 97 . 64 

100 .oo 100 .oo 

VJ 

'" 



- 33 -

• 
and 48 hrs. With tha inc rease of time, percent de st ruc t ion 

increases at 21°c, showing no activity after 48 h r s of s t orage . 

On storage of samples in refrig e rat or (6°c) conflic ting 

rasul ts we re obt ai nad bat1&100n differ ant sampls s on t he pa rcent 

destruction of' ly sozyme. However, up t o 20 ,t de st ruct ion o f 

enzyme activity was observed at this temperature be tween 

various samples upto 14 hrs. This is different from that 

reported by Kunce~icz ~d Kisza (1976 ) th at 

of lyt i c activity of huma'l milk IJ"lan stored 

t h e re was n o 
' .~ ~ 

0 ; 
at 4 CJ_ {;. 72 

loss 

hrs. 

On further storing the buffalo milk s amples , act iv i ty declined 

by 87f, . In general, it was concluded th at hi gher th 9 storage 

temperature, the faster was the inactiv 3t ion ~d a lso longer 

the storag e time, the g reater the loss of en zymat ic ac t i vity . 

4.6 Purification of' lysozyme from buffalo milk 

Lysozyme was purified by tha p rocedure ad apted b y 

Ch~dai ~.2.!_.(1965) with soma modifications. CM-cellulose 

was used in place of Ambarlita IRC-50, as ~ ion-e xch<11 ger . The 

specific activi t y Cl'ld purification of lysoz yme at each s tep 

are given in Table a. With progressive s tages of purification, 

th e enzyme preparation had a higher specific activ i ty . The 

enzyme obt ained arter chromatography ~d con c en t r at ion by 

lyophilization, showed a rai ga of 5.4 to 142 fold purification 

iAan comp a r od with t h e spec it'ic activity of lailey (not sh o l&fl in 

t able) • 



o. Pu r 1r ic at ion step 

, . llt'tole milk 

2. 9dm milk 

3 . l&tl• y 

4. a!C- El ue'lt 

s. A11,..oniu11 eulph•te 
(51'1 ) p rec ip it at• 

6. Seph ad• x C-50-Elu~t-

l yophili zad f'rection 

Table 8 

Summery or puriPication procedure {based on Wl averags of ten trials) 

Volume Units/mg mg protein/rd Total Total Specific 
(ml) protein protein unite activity 

(units/mg 
protein) 

4000 - 32.28 

3600 - 30 .10 

3120 31.60 3.60 11232.00 98592.0 0.11 

300 54 .11 1 .61 481.0 16251.0 33.64 

JO 60.00 o.ea 26 .40 1000.0 68 .10 

s 45 .oo 0 .122 0 . 610 225 .o 368.85 

f"old 
Purifi-
cation 

3.83 

1.11 

42.05 

(,.! 

S> 
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utiay was taken as the s t art i n g mat erial be c ause all of t ha 

enzyme activity is present in it. The e xt ent o f puri f i c ati on will 

be more i f it is taken on t he b asi s o f av e r age milk spe c if i c 

act i vity• An average of 42 fold purification c ould be ach ie ved, 

ho~ver, in on e tr i al 142 f ol d puri fi cation cou ld be achieved . 

The recovery of l ysozyme was poor. Le sse r puri f ic ati on and 

poor recovery c ~ be at t ributed t o t h e u se of CM- c e ll ulose in 

place of Amberlite IRC-50 a s an ion-exchanger . Th is may be e i t her 

du e t o t h e enzyme not bein g ads orb ed by CM- cel l u lose or not be ing 

elut ed c ompletel y . Other f ac t or s \J"lich might h a ve c on t r ibu t e d to 

lesser purific ation fold and poor recove r y inc lud es amount o f 

startin g material, \J"lole or skim milk , initial ac t ivit y of l yso-

- zyme and the e xperiment al con d i t ions . 

Ch an dan 2!, ~.(1 965 ) i sol a t e d l yso zyme f r om bovine i k 

which sho1A1Bd a pu ri f icat ion of 36 , ODO fold on ru ilk- r o te in basis 

and 1,000 , 000 fo ld on lltiole milk b as i s . The st a rt ing mater ial 

was 60 gallons as comp a r ed t o 4 litres used f o r e ach t ri al in o r 

e xp e riments . Par r y !!l _s!.. ( 1969 ) purified l ys o zyme fr o hu an ilk 

\J"lich showed a pu rifi c ation of 195 fold , on milk p r otein bas · s . 

Gary !!l ~l. ( 1 977 ) pu rified l y so zyme f r om go a t milk, huruan ilk an 

egg- uilite usin g Squid Dech because of its af f i n it y for l ysoz 

The y o btain ed 7 , 36 and 16 fold purification • 

4 . 7 Electrophorasi s of pu r if ied anzy e 

Sa mple s of i sol ated buffalo i lk l ysoz e ~d egg- ite 

l ysoz yme as st 8ld a rd were subj ec ted to polyacr la i de di ge 

a. 
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electrophoresis using Tris-Glycine buffer (pH 9.5). Fig . IV 

p resents the photograph, for pol yacr ylamide di sc e l ectrophores i s 

pattern , of lysozyme purif ied to different fold s ( 142 ,1 8 , 16 a'ld 

42 ) • The p resen ce of singl e zon e at pH 9 . 5 b y en zyme in d i cates 

the homogeneity of enzyme. I t was f urther obs er ved that the 

mobility of egg- unite lysozyme run as a cont r o l c ompares well 

with t he diffe rent samples. Ho wev - r , t h ree of the samples ( 14 2 , 18 

and 42 fol d purified) sho~d den s e r band as coMp a red to 16 fold 

pu ri fied . This may be due to the fact that amoun t of p rotein 

appl ied is mo re in these cases. 

unen the sample pu rified t o 1 2 f old a'ld 18 fo ld ~ re 

applied at pH 9 . 5 usin g 505-p ol yacr y l a~ide gel electrophoresis 

along with eg g- u.hit e l y sozyme only one b a'ld as observed. 

The pre sence o f one b ctld in SDS-e lectrophores s lgh indi cate 

toward s a l esser pos s i bility of on omers o f differ e ..-1 t o ec ar 

wei gh t . However , n o s uch re po rt is observed ·n li~erature ~d i 

needs fu rt h er e)(perimentatic:n . IW! igration of bot proteins 

(eg g- \Ji it e a'ld bu f alo milk lyso z yme) as a single ba'ld to ards 

th e c ath ode indicate them to be basic proteins . t ae f rtha r 

ob serv ed that mobility o f these protein l.:!i tt- ~S i s sli gh ly 

fas te r th'*" wi thout SOS . 

4 . 8 Kinetic studies of milk lysozyme 

An enzyme having 42 role pu if cat en (2 .0 g/ ) s d 

f o r kinetic studies. 
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density between o.o. at zero minute &"Id after 20 minu t e s is 

c omp a red on a stef'ldard curve previously draun, l&tli ch is, however, 

no t a s traight line (f'ig.I and II). A straight line cct"I on ly 

be obtaine d betwa8f'l [>. T par min and enzyme conc en t ration in f 

or be tween ebsorb&"lce at various enzyme conc en t ration crid not if 

f all in O.D. (-fl E 540) is taken as th e criteria of enz yme 

e stima tion. 

The determination of the dissol ution of bacterial cells by 

lysozyme is a poor representation of t rue en zymatic re action , 

du e to the complex system involved and, th e r efore, its application 

t o t he s tudy of kinetics should be observed with caution . This 

limitat ion cannot be overcome until a method Ca"'\ be deviced to 

measure the ap pear&"lce of end products o r disappearanc e of 

substrata, employi ng a pure wall defin ed substrate. Due t o this 

limitation, turbidimetric l ysoz yme as s ay do o rfer a rap id qu~ti-

-tative method l&tlich is readil y applic able, to as say the enz e 

from othe r sources al so. Howeve r, i t is i port2'l t to use lyso-

-zyme cciicentrat i on rctlgi n g fro m O . 1 ~g to 1 a"'ld ea re ant 

of the in it ial re ac tion veloc iti e s . 

4.8.2 Effect of pH on lysozyme act ivity 
I 

Enzyme p reparation was as sayed over the p range of 3 to 9 . 

The effect of pH on l yso zyme activit y is 01111 in Fi g.~. 

s mall mino r pe ak 2'ld one b road peak (pH 6 .0-6~5 } i o tai.ned 

rev l ed ~ optimum pH between 6 . 0 S'ld 6 . 5 . e activi y 

dec l i n ed abov pH 6 .5 . Ch wid<ll !l .!!.·(1965 ) ad a o o s e d 

.. .-
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' 

SUMMARY 



5. SUMMARY 

1. Lysozyme activity differs in the milk of three species, 

namely cow, buffalo Md goat. On IY'l average it was observed that 

cow milk showed maximum activity followed by buffalo IY'ld goat. 

Variation within breads of cow IY'ld goat IY'ld amongst the samples 

of three species were also signific1Y1t. 

2. ' Lysozyma activity in buffaloes' milk from different 

quarters follo111ed no definite pattern of distribution Cf'ld showed 

a random distribution of enzyme in different quarters of udder. 

3. On an average 58.34it and 71-12~ destruction of l ysoz yme 

activity was observed during HTST and LTLT pasteurization, 

respectively. 

4. It was observed that lysozyme conten":. increases with the 

advancement in stages of lactation. 

5. 
0 0 0 

Wien milk was stored at 6 , 21 IY'ld 37 C for 14, 38 <t'ld 

48 hrs, it was observed that lysozyma activit y decreased lad.th 

increase in storage time and tempa ratura or milk• 

6. Lysozyme was purified to the extant of 42 fold, on an 

average, using CM-cellulose and ch romatogrsph y on Sephadex G-50 • 

However, purification upto 142 fold was also achieved in one 

trial. Use of cation exchanger like CM-cellulose in place of 

Ambarlita IRC-50 does not improve the purificati on of enzyme. 
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7 • Both polyacrylamide ~d SOS-gel electrophoresis of puri fiad 

burr lo milk lysozyme gave single b~d indicating homogeneity of 

mple. 

• Kinetic studies carried out 111ith partially purif'i9d enzym9 

r VB l that it was not possible to obtain ~ optimum substrate 

one a t r ation for th i s enzyme. The optimum pH for buf f'alo ilk 

ly ozyme was found to be bet1a10en 6 . 0 - 6.5. The opti tempera-

0 
-tu ro for enzyme activity was 37 C, \J"lich is the optimum tempera-

tur for inost of' the milk enz ymes. 
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