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ABSTRACT

Lysozyme concentration was measured by a
spectrophotometeric method. The recoveries of
this method were 105.4+4.8 and 98.3+3.2 % forl0
and 30 ng/ml lysozyme concentrations added to
diluted milk sample respectively, therefore the
method was suitable for assay lysozyme in milk. 1t
wius lound that the average level of lysozyme in
bulfalo milk was 3.8520.93 pg/ml and in cow
milk was 1.6740.65 pg/ml, the difference was
highly significant (P<0.001). The distribution
showed that the lysozyme in bufialo milk was
mostly concentrated in skim milk (96.45 %) simi-
lar to that in cow milk (97.43 %) and the residual
amount of lysozyme was associated with crcam.
The eltect of the different pasteurization methods
was studicd. The results showed considerable de-
crease (P < 0.001) in lysozyme concentration in
buffalo and cow milk at low temperature long time
(65°C for 30 min.), while, a1t 75°C for 15 sec and
85°C for 1 scc. (high temperature short time) there
were  insigmificant  (P>0.05) and  sigaificant
(P<0.05) incrcases in lysozyme contenis respec-
tively in both types of milk. The data obtained
when heating at 100°C for 5 min. indicated that
most lysozyme content was altected. In addition
the seasonal variation showed insignificant differ-
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ences (p > 0.05) in lysozyme levels in winter and
summer seasons.

INTRODUCTION

Lysozymes (N-acetylmuramide glycanohy-
drolase EC: 3.2.1.17) are enzymes which wide-
spread in most biological systems (Klaeger et al
1999 and Wagstrom et al 2000). The milk of
several specics of animals contains lysozyme.
However, its enzymatic propertics vary among
species. Human and equinc milks are very rich in
lysozyme; while milk of many other species con-
tains low concentrations (Mckenzie & White,
1986 and Elagamy er al 1996). Bovine milk ly-
sozyme (BML), human milk lysozyme (HML) and
camel milk lysozyme have been isolated in pure
and homogeneous form (Wang & Kloer, 1984;
Duhiman, 1988 and White ef al 1988). Moreover
the composition and sequence of amino acids of
various lysozyme were determined by several au-
thors (Mckenzie et al 1985; Jolles et al 1990 and
Hall ef al 2001).

Lysozyme is an important antimicrobial agent
in milk, which kills bacteria by cleaving the B-1,
4- glycosidic bond between N-acetyl muramic
acid and N-acetyl glucosaamine residues cell wall
and used as food prescrvatives (Elagamy, 1992;
Chandan, 2001 and Priyadarshini & Kansal,
2002). The level of lysozyme in milk changes dur-
ing lactation with high lavel in colostrums
(Lewis-Jones & Reynolds, 1983 and Montagne
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et al 2001). Lysozyme activity was affected by
heat treatment and storage procedures (Jauregui-
adell, 1975; Evans et al 1978; Friend ef al 1983;
Griffiths, 1986 and Lawrence, 2001).

Most methods for determination of lysozyme
activity, in fact, involve measurement of the initial
turbidity clearing rate in bacterial cell suspension
containing the lysozyme sample. Concentrations
of lysozyme in solution or mixtures can be esti-
mated by one of several immunological or enzy-
matic methods (Selsted & Martinez, 1980 and
Stelzner et al 1982). A simple and ultra sensitive
enzymatic assay for the quantitative determination
of lysozyme in the picogram range in complex
biological mixture was reported by Selsted &
Martinez (1980). Also, Mckenzie & White
(1986) determined lysozyme activity at low levels
with emphasis on the milk enzymes. Recently,
lysozyme was determined by HPLC method and
microparticle-enhanced nephelometric immuno-
assay (Montagne ef al 2000 and Keith ¢t al
2001).

Lysozyme activity increases with somatic cell
count and mastitis (Carlsson & Bjock 1989 and
Semba, 2000), therefore, the determination of
lysozyme activity in milk is useful for diagnosis of
bovine mastitis. Moreover, the quantification of
serum and urine lysozyme is useful diagnosis pro-
cedure for Leukemia disease (Bricrre ef al 1974).
Lysozyme concentrations increase during abnor-
mal cell behavior. Recently, Vizoso et al (2001)
reported that lysozyme may be a new prognostic
factor in patients with breast cancer.

Buffalo milk is relatively more resistant to mi-
crobial spoilage than bovine milk (Priyadarshini
& Kansal, 2002). The information about ly-
sozyme in buffalo milk is not fully investigated.
Therefore the object of this study aimed to give
information on lysozyme content, distribution,
effect of heat treatment, and effect of season on
buffalo milk lysozyme in comparison with cow
milk.

MATERIALS AND METHODS
Milk samples

1- Buffalo milk was obtained from Cairo Uni-
versity, Faculty of Agriculture herd and
Mahlat Mosa Station belongs to Animal
Production Research Institutes.

2- Cow milk was obtained from Cairo Univer-
sity Faculty of Agriculture herd and Qrada
Station.

Milk samples were {ractionated by the method
which was described previously by El-Gazzar et
al (1999). Several pilot experiments for dilutions
were carried out to reach suitable dilution to give
the best recovery results. So the samples of raw
milk and their fractions (cream, skim milk and
butter milk) were diluted at rat of 1:500 with dis-
tilled water.

Heat treatment

Fresh raw whole milk was heat treated at dif-
ferent conditions for pasteurization (65+ for 30
min,, at 75+ for 1S Sec., and at 85°C for 1 Sec.)
and boiling for 5 min., then lysozyme activity was
determined at room temperature

Seasonal variation

The samples of bulk buffalo milk from Mahlat
Mosa Station was used for this study through

winter (Dec. — Mars) and summer (Apr. — Sep.)
season.

Lysozyme (Enzyme)

Chicken egg-white lysozyme (EC: 3.2.1.17)
was obtained from Sigma Company.

Preparation of standard solution

A stock solution of egg-white lysozyme
Img/ml was prepared in 0.05M buffer pH 7.4 and
stored at 2°C, the lysozyme concentration was
determined by measuring of the absorbance at
280 nm, taking Al = 273 according 1o
Mckenzie and White, 1986. Subsequent dilutions
were made into buffer containing a final concen-
tration of 1mg/ml of crystalline bovine serum al-
bumin (BSA, Sigma). BSA was incubated in all
incubations for protein stabilizing. In absence of
BSA, the determinations of lower enzyme concen-
trations (less than 10 pg/ml) deviated from linear-
ity and duplicated determination were much more
variable (Selsted & Martinez, 1980).

Substrate

Micrococcus lysodeikticr:: was obtained from
Sigma Chemical Company. It was used as sub-
strate which lyses by lysozyme. The suspension of
M. Lysodeikticus was prcpared by mixing
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3.5mg/L. with buffer pH 7.4 (The cell was sus-
pended by gentle swirling).

Lysozyme assay

The reaction mixture ( as described in Pri-
yadarshini & Kansal, 2002) contained 2.1 mi cell
suspension, 0.3 ml bovine serum albumin (1g/L),
0.3 ml sod.azide, a source of lysozyme and 0.05
M potassium buffer pH 7.4 to a final volume 3 ml.
The mixture mixed very well. The test tubes assay
was incubated at 37°C for 18 hr. according to Sel-
sted & Martinez (1980). The absorbance of

suspension was measured at 450 nm by using
Shumadzu UV-Visible Recording Spectropho-
tometer UV- 240 The averaged reduction in ab-
sorbance relative to control incubated without en-
zyme was plotted against the lysozyme concentra-
tions. Change of absorbance was linear with re-
spect to enzyme concentrations from5 — 70 ng /ml
(0.5 -7 ng/ml in the reaction mixture) as shown in
Fig. (1)
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Fig. 1. Standard Curve for determination of Ly-
sozyme Concn.

The linear equation was calculated to facilitate
the calibration of lysozyme concentration in the
present study

Y=0.042+0.0668 X

Where Y represent the change in absorbance at
450 nm (AA at 450 nm) and X the concentration
of lysozyme (ng/ml) in the reaction mixture. In
assay mixture 0.5 ng/ml equivalent to5 ng/ml for
0.3 ml diluted milk sample (1:500) equivalent to
2.5pg/ml for original sample.

The method of determination of lysozyme
concentration in milk in this study is based essen-
tially on the procedure of Selsted and Martinez
(1980).The spectrophotomeler rate-analysis assay
is a commonly used technique becausc of its speed
and sensitivity — with the aid of rccording double-
beam spectropliotometer, lysozynic levels as low
as 0.02 pg/ml can be measured in matter of min-
utes, (Selsted & Martinez, 1980). Sincc the linear
range of this assay method is quite limited and
sample dilution is required.. Our limit of detection
in the reaction mixture corresponding to 0.5 ng/ml
in assay mixture equivalent to 5 ng/ml for diluted
sample, and this value represent to substantial sen-
sitivity. Previously, the limit of detection for bo-
vine milk lysozyme was 0.Ing/ml reaction mix-
ture, equivalent to 6 ng/ml milk sample as given
by Mckenzie and White (1986) .

Statistical Analysis

The statistical analysis of results was deter-
mined according to Bailey (1995).

RESULTS AND DISCUSSION

Recovery study was performed to check the
validity of the procedure (Table 1). Standard ly- -
sozyme at concentrations 10 and 30 ng/ml are
added to diluted buffalo milk (1:500), then sub-
jected to lysozyme determination . The recoveries
of lysozyme were 105410 48 and 98310 3.2 %
for concentrations at 10 and 30 ng/ml respectively
as shown in Tzable (1).Thus, there was no indica-
tion that the buffalo milk constituents interfere
with the expression of cell lytic activity. These
results is in agreement with the result which was
performed by adding lysozyme standard to cow
milk (Mckenzie and White, 1986).

Table 1. Recovery percent of lysozyme added to
milk samnple

Original Recovery
Lysozyme lysozyme Lysozyme of added
added in milk recovered  lysozyme
ng/ml sample ng/ml (%)
ng/ml
10 8.23 19.24 0.9 105.44+4 .8
30 8.23 37.58+1.27 98.3+32

Lysozyme content in buffalo and cow mitk
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Lysozyme content in buffalo and cow milk

Lysozyme is an antimicrobial agent in milk;
therefore the evaluation of lysozyme concentra-
tions in bultalo and cow milk is very important.
The average concentration of lysozyme in all raw
buftalo milk samples (n = 15) was found 3.85%
0.93 pg/ml with a range from 2.55 to 5.54 pg/ml
as shown in Table (2). While, the average ly-
sozyme concentration in cow milk (n = 11) was
found 1.67 £0.65 pg/ml with a range from 0.6-
2.69 pg/ml as shown in Table (2). This range of
concentration was similar to the level found by
Chandan et al (1968) in bovine milkk < 0.3
mg/100 ml (i.e.<3 pg/m! ). Also Goze et al (1977)
reported an average lysozyme {rom healthy udder.
it was 0.73 pg /ml and this result was in the range
of the data obtained. Table (2) showed that the
dilterences in concentration ol lysozyme between
cow and bultalo milk were highly significant (P <
0.001). The data showed that the concentration of
lysozyme in buflalo milk was double the value
observed in cow milk. These results agree with
that obtained by Priyadarshini and Kansal
{2002). They found that the lysozyme activity in
buflalo milk was double the value observed in
bovine milk. In veneral the data obtained indicated
that the range value of lysozyme in buffalo milk
was higher than in cow milk, These results may be
the cause that buftalo milk is relatively more resis-
tant to microbial spoilage than bovine milk.

Table 2. Ditferent in lysozyme levels in milk from
butlalo and cow

Lysozyme distribution between raw milk and
their fractions

The lysozyme distribution in buffalo and cow
milk was represented in Tables (3 & 4). It was
clear that lysozyme content in buffalo milk mostly
located in skim milk (96.45%) and the residual
amount was associated with cream (4.20%). Simi-
lar data was abtained in case ol cow milk abouwt
97.43 % of lysozyme found in skim milk and 3.21
% in creant. Kinsella and Whitehead (1989) re-
ported that lysozyme was involved in the structure
of whey proteins. However, the released lysozyme
from cream into butier milk during churning were
54.55 and 93.75 % for buflalo and cow milk re-
spectively.

Table 3. Distribution ol lysozyme between raw
bufTalo milk and its fractions

Total
Lysozyme ~ Recov-
. Vol content vl
Fraction content. ery
(ml) lysozyme
{pg/mb) (%o)
(pg/ml)
-
Whole milk 55 4000 22000 100
Skim milh 5.9 3580 21127 96.45
Cream 22 420 924 4.20
Baner milk 2.8 180 504 5-4.55

Type of Lysozyme concentrations (pg/ml)

milk

Range McantSD
Bultalo 2.55-5.54 3.85+0.93 (n=15)
Cow 0.60 - 2.69 1.6740.65 (n=11)
P~ 0.001

Meckenzie ef af 1985 they found that lysozyme
content ol milk of 20 Friesian and Jersey cows
wis 01120 pg/ml (mean = 0.400 pg/ml) and
reported that lysozyme content was usually higher
in pan than in a.m milking.

Table 4. Disteibution of lysozyme between raw
cow milk and its fractions

Total
Lysozyme _ Recov-
L Vol.  conentof
Fraction content, ery
(mb)  hysosynme
(ng/ml) Ya)
(ngmby
Whole milk 24 4900 12470 100
Skim milk 2.7 4500 12150 97.43
Cream 1.00 400 400 3.2
Butter milk 2.5 150 375 93.75
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The effect of heat treatments on the lysozyme
concentrations in buffalo and cow milk

The present study investigated how lysozyme
content in buffalo and cow milk was affected by
different heat treatments. Raw and pasteurized
milk samples treated by heating at 75°C for 15
sec., 85°C for 1 sec. and 65° for 30°C min.) were
analyzed and the data obtained were represented in
Tables (5 & 6). There were highly significan:
differences (P<0.001) in concentrations in cow
and buffalo milk at 65°C for 30°C min. with mean
values 0.71+0.22 and 2.05+ 0.52, pg/ml, respec-
tively. The decrease in lysozyme concentration in
cow milk was 54.19 % which was more than in
buffalo milk 43.83%. This indicated that the ly-
sozyme in buffalo milk was more stable than in
cow milk with this treatment. Evans ef al (1978)
found that accurate pasteurization at 62.5°C for 30
min. produced a loss of 23.7 % in human milk.
Pasteurization at 750C for 15 sec., the inean val-
ues of lysozyme concentrations in cow and buffo
milk were 1.60t 0.64 and 3.83+0.31 pg/ml, re-
spectively. The data showed insignificantly
(P>0.05) increase in lysozyme concentrations in
both types of milk. The increase in lysozyme con-
centrations were 3.23 and 4.93% for cow and buf-
falo milk respectively. While, lysozyme concen-
tration was increased significantly (P<0.05) by
heating treatment at 85°C for 1 sec. The lysozyme
concentration increased by 25.48% in buffalo milk
similar to cow milk 23.87 %

The data showed similar effect of the different
pastcurization methods on the lysozyme contents
in cow and buffalo milk. It was observed that 1y-
sozyme in milk was activated by high temperature
short time pasteurization and inhibited at low tem-
perature long time pasteurization. Data indicated
that the time of heating was more effective than
the degree of temperature. Previous study by
Friend et al (1983) showed that bovine milk ly-
sozyme and human milk lysozyme retain > 75 %
of their activity in milk heated at 75°C for 15 min.
However, Goldblum et al (1984) found that ly-
sozyme concentration in human milk was in-
creased significantly by heating at 72°C for 15
sec. and suggested that lysozyme may be largely
sequestered in milk. This data is close similar to
results obtained by heating at 75°C for 15 sec.

When two types of milk (cow and buffalo)
subjected to 100°C for 5 min. lysozyme concentra-
tion totally reduced (> 90 %). This result was in
agreement with data reported by Ford et al (1977)

and Weaver & Kroger (1978)
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Table 5. Effect of different pasteurization methods
on lysozyme concentration in cow milk

(n=5)
B Pasteurization milk at:
Lysozyme
Raw 75°C 85°C
Conc. . 65°C for
milk i for for
pg/mi 30 min
15 sec 1 sec
Range 090- 045- 087- 1.07-
195 105 200 244
Meant SD 155+ 071z 1.60 192+
0.57 0.22 0.64 0.74
Increase % - - 3.23 23.87
Decrease % -- 54.19 - --
Significant --  P<0.001 P>0.05 P<0.05

Table 6. Effect of different pasteurization methods
on lysozyme concentration in buffalo

milk (n=5)
Pasteurization milk at:
Lysozyme
Raw 65°C  75°C 85°C
Conc. .
milk for for for
pg/ml
30min 15sec |sec
Range 344 - 1.20- 359- 404-
4.19 2.60 4.34 5.69
Meant SD  3.65+ 2.05+ 3.83+ 458+
0.31 0.52 0.31 0.74
Increase % - -- 493 25.48
Decrease % - 4383 - --
Significant - P<0.001 P>0.05 P<0.05

Effect of winter and summer season on the ly-
sozyme content in buffalo milk

Table (7) showed the mean values of ly-
sozyme concentrations in buffalo milk samples
collected from the same farm through winter
(Dec.~Mars) and summer (Apr.-Sep.). It was
found that the concentration of lysozyme in milk
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in winter scason ranged from 3.1-5.09 pg/ ml with
mean value 3.89+0.81 pg/ml. While, in summer
scason the range was 3.5 - 4.34 ug/ml and the
average value was 3.91£0.42 pg/ml. According 1o
T-TEST no significant differences were found
(P>0.05) in the mean value of lysozyme concen-
tration duc 10 different scason, This may indicate
that the lysozyme lcvel in milk independent on
feed, but it needs more investigation,

Table 7. Lysozyme levels of buffalo milk through
winter and summer season.

Lysozyme concentrations (pg/ml)

Scasons
Range MecantSD
Winter 3.1-5.09 3.8920.81
Summer 3.5-4.34 391042
P < 0.001
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