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ABSTRACT

The objective of this study was to investigate
the effect of activation of lactoperoxidase system
(LPs) and lysozyme (Lz) as antimicrobial natural
systems in North Sinai goat milk on six patho-
genic bacteria (E.coli O157:H7, S. typhimurium,
Y. enterocolitica, B. cereus, List. monocytogenes
and Staph. aureus). Samples of goat’s milk were
collected under complete aseptic conditions during
2004. Three combination groups from sodium
thiocyanate with sodium percarbonate were tested
for LPs activation as follows: Group | (G;) (14mg
+ 30mg), Group 2 (G;) (15mg + 10mg) and Group
3 (G3) 20mg + 25mg), respectively. The counts of
these bacteria were recorded after 6, 12 and 18 hr
iniculation. In general, both of LPs groups and Lz
concentrations have positive impact to reduce the
gram positive and negative bacteria in goat milk.
The effect of LPs and Lz was more effective on L.
monocytogenes than other gram positive bacteria
and on §. typhimurium than other gram negative
bacteria after 6, 12 and 18 hr incubation. Also, the
bacterial count (log cfu/ml) was increased linearly
along the studied times in all treatments of both
LPs and Lz. The combination of 14mg sodium
thiocyanate + 30mg sodium percarbonate, which
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used to activate LPs, was the highest significantly
positive affected. Moreover, the positive effect of
Lz increased by increase its concentrate.

INTRODUCTION

Goats constitute an import animal resource un-
der arid and semi-arid conditions. The total num-
ber of goats in Egypt is about 5 millions heads.
Average daily milk yield of goat in Egypt is varied
and ranged from 0.2 to 1.2 kg /head/day according
to different location, breeds and stage of lactation.
Moreover. the average lactation period ranged
from 120 to 180 days. Goats constitute the major-
ity of animal population in $:nai. They account for
an average of about 61% of the total number of the
animals’ population (MoALR, 2005).

Milk is considered as the best environment to
activation and growth of bacteria. Therefore it is
subjected to contaminate by bacleria and (or)
yeast. The major natural antimicrobial proteins of
milk are Lactoperoxidase system, Lysozyme, Lac-
toferrin and Immunoglobulins (Naidu, 2000).

The lactoperoxidase enzyme (EC 1.11.1.7) is
present at concentration of 10-30 pg/ml in cow
milk, while, it is ranged from 0.1 to 0.7 pg /ml in
goat milk (Fonteh ef al 2002). But the enzyme
requires extra different concentrates of hydrogen
peroxide and thiocyanate to activate it; in this case
it is called lactoperoxidase system (LPs). The LPs
has been recommended for preservation of raw
milk in areas where it is not possible to use me-
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chanical refrigeration for technical and/or eco-
nomic reasons (IDF, 1988; FAO, 1999).

Lysozyme enzyme (EC 3.2.1.17) is responsible
for the hydrolvsis of B-1,4-glycosidic linkage of
the peptidoglycan in the cell wall of bacteria.
Gram positive bacteria have a very thick pepti-
doglycan layer, while gram negative bacteria have
a thin peptidoglycan layer. Therefore the Lz action
is more effected on the gram-negative bacteria
than the gram-positive bacteria (Jollés and Jollés
1984).

The objective of this study was to determine

the effect of activation of lactoperoxidase system
and lysozyme on six different pathogenic bacteria.

MATERIALS AND METHODS

Milk Samples

Samples of goats milk were collected form El-
Arish city (North Sinai governorate) about 320 km
North East of Cairo during 2004. Data were col-
lected as a part of the project sponsored by
MERC, USA titled “Multinational approaches to
enhance goat production in the Middle East". The
milk was collected under complete aseptic condi-
tions during the middle stage of lactation season
and subjected individually to analysis by Califor-
nia mastitis test (CMT) to avoid the mastitic sam-
ples. The first three squirts of milk were discarded
from each teat and samples were collected into
sterile bottles and transmitted to the laboratory for
bacteriological examination at 8+C.

Chemicals

Lactoperoxidase bovine milk: was obtained
from Sigma Co., st Louis, Mo 63178, USA.
Lysozyme chicken egg white: Biochemika,
dialyzed (Fluka Chemie AGCH - 9470, Buchs).
Sodium percarbonate (Na;Cos.3H,0,): was ob-
tained from BDH chemicals Ltd. Poole England.
Sodium thiocyanate (Na SCN): LOBA chemie
PVT.LTD was used as a source of SCN".

Bacterial and Cultures

Six strains of pathogenic bacteria as slant were
obtained from Egyptian Microbial Collection
[EMCC] at Cairo Microbiological Resources Cen-
ter (Cairo MIRCEN), Faculty of Agriculture, Ain
Shams University. The bacteria cultures were used
in this study to test the 6 strains in different 6 me-
dia as presented in Table (1).

‘Table 1. Origin of various bacterial strains and
media used for investigation

Strain ATCC* Media
Escherichia coli O157: 35150 Macconkkey agar
H7
Salmonella enterica 2556  Tryptic Soya agar
subsp. enmterica serovar
typhimurium
Yersinia enterocolitica 23715 CIN agar
Bacillus cereus 49064  Bacillus  cereus

selective agar and
supplement

Listeria monocytogenes 19116

Tryptic Soya agar
plus 0.6 % yeast
extract

Staphylococcus Manittol Salt aligar

aurens 29740

subsp. aureus

*ATCC = American Type Culture Collection.
Preparation of Bacterial Suspensions

The suspensions of each pathogen were pre-
pared by transferring fresh colonies grown on se-
lective medium into sterile physiological saline
solution using sterile loops. The respective sus-
pensions were thoroughly mixed using whirl
mixer and adjusted by either adding more saline or
more bacteria to the turbidity of McFarland Stan-
dard 1,0 (1% BaCl, . 2H,0; 1% H,S0,).

Microbiological Analysis

Milk samples were first brought to room tem-
perature (20-25°C) before inoculation with the
specific pathogens. The total 2400 ml of milk was
equally divided into 6 samples and inoculated with
1 ml of the appropriate suspensions of the 6
pathogen bacteria. Then each milk sample was
aseptically divided into 10 portions (40 ml). After
a period of 1 h, to enable the bacteria to adapt,
milk samples, which have been activated for LPs
and Lz. After inoculation of the milk with the spe-
cific pathogen bacteria. | m| sample was drawn
from inoculated milk and transferred into 9 ml of
sterile quarter strength Ringer’s solution. Serial
dilutions were made to determine the initial num-
ber of each pathogen in the milk samples. The
strains were plated in the pervious specific media
and incubated at 37°C for 24 hours. The bacteria
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counted as cfu/ml after 6, 12 and I8 hours from
the beginning of inoculation,

Activation of Lactoperoxidase System

Sodium thiocyanate (Na SCN) and sodium
percarbonate (Na,CO;. 3H,0,) were used to acti-
vate LPs, three combination groups were tested.
Group 1 (Gy) was 14mg Na SCN + 30mg
Na,CO;.3H,0;, Group 2(G;) was 15mg Na SCN+
{0mg Na,CO;.3H,0,, and Group 3 (G;) was 20mg
Na SCN+ 25mg Na2C03 3H202

Lysozyme Concentration

Three different concentrates of Lz chicken egg
white [S50 (C1), 150 (C2 and 200 (C3) pg /ml] in
addition to control (C) were used to determined
the effect of them on pathogenic bacteria in milk

Statistical Analysis

Data included the count (cfu/ml) of 6 different
studied bacteria strains were analyzed after trans-
formed using log transformation by the General
Linear Model (GLM) procedure of SAS (1998),
according to the following model:

Yijk =4+ G; +1} e

Where,
Yij = any observation,
1 = overall mean,
G = the effect of i" LPs groups or i Lz
concentrations i=1-4,

Tj
Sijk

the effect of j* times, j = 1-3,

the residual assumed to be nor-
mally and independen‘ly distrib-
uted with mean 0 and variance e

no

RESULTS AND DISCUSSION
Lactoperoxidase system (LPs)

The results presented in Table (2) show that,
there were highly significant (p<0.01) differences
between the LPs studied groups and between the
three studied times on the all six studied bacteria.
These differences could occurred due to the effects
of the different combinations from sodium thiocy-
anate with sodium percarbonate which let to de-
crease the count of the different studied six bacte-
ria strains than control after 6, 12 and 18 hours
incubation. These results were in agreement with
(Zapico et al 1993; Touch et al 2004 and Seifu ef
al 2004) which found that, LPs inhibited the
growth of the same six studied pathogenic bacteria
in goat milk after 12 hours.

Effect of LPs on growth of gram negative bac-
teria

According to Bjorck ef al (1975); Reiter ef al
(1976) and Wolfson & Summer (1994), bacteri-
cidal activity in milk after LPs activation has been
demonstrate against many gram negative bacteria
including Y. enterocolitica, S. typhimurium and E.
coli O175:H7.

Table 2. Analysis of variances of the main effects using LPs activation on different six strains pathogenic

bacteria in goat milk.

MS
List.
SOV di Staph. aureus Y. entero-  S. typhim- E. coli
B. cerues monocy-
subsp aureus colitica urium O175:H7
togenes
Total 11
Time 2 16.18** 13.06** 17.76** 13.26** 20.34%* 12.27**
Groups 3 034 1.02%+* 0.63** 1.25** 0.61** 0.91%+*
Error 6 0.02 0.05 0.05 0.09 0.02 0.03

**P<(.01, df = degrees of freedoms, S.0.V= Source Of Variation, MS = Mean Squares.
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The results of the effect of LPs on growth of
gram negative bacteria are present in Table (3). Y.
enterocnlitica was increased in Gl,.G2, G3 (LPs
activation groups) and in the control milk samples
by 0.6, 1.2, 2 and 2.4 log, respectively after 6
hours from initial value (6.4). Also, it was in-
creased by 2.1, 3.3, 3.6 and 3.9 log after 12 hours
and by 4.8, 5, 5.4 and 5.6 log after 18 hours.

S. typhimurium was decreased by 0.01 log
units " nitial value (6.6).after 6 hours from
inoculated , while, it was increased in G 2, G3
and in the control by 0.4, 0.7and 0.8 log, respec-
tively after 6 hours of incubation. Also, it was
increased by 1.4, 1.9, 2.4 and 2.8 log after 12
hours, and by 4.4, 49 5.1 and 5.2 log after 18
hours in G1, G2, G3 and in the control, respec-
tively.

E. coli was increased in G1, G2, G3 and in the
control by 0.8, 1, 1.7 and 2.2 log, respectively
after 6 hours from initial value (7.2). Also, it was
increased by 2.3, 2.9, 3.5 and 3.8 log after 12
hours and by 4.5, 4.8, 5.1 and 54 log after 18
hours. These results were agreement with the re-
sults obtained by Zapico et al (1995) which found
that E. coli counts was not growing on raw goat
milk at 4°C and influence of LPs activation at this
temperature and at 8°C E. coli was able to grow in
control milk and observed in activated LPs after 2
days. Also, Vannini ef al (2004) found that the E.
coli was decreased when treated the skim milk by
LPs activation. These results could be explained
by Seifu et al (2004) which showed that the LPs
was bacteriostatic against E. coli, in study to in-
vestigate the effects of the LPs on the growth and
survival of E. coli in Saanen and South African
Indigenous goat milk kept for 6 hours at 30°C. In
this case, the LPs may be a promising alternative
in controlling the growth of foodborne pathogens
in goat milk.

Effect of LPs on growth of gram positive bacte-
ria

The results of the effect of LPs on growth of
gram positive bacteria are presented in Table (4).
B. cereus count increased both in G1, G2, G3 and
in the control milk samples by 0.8, 1.1, 1.3 and 1.9
log, respectively after 6 hours from initial value
(6). Also, it was increased by 2.8, 3.1, 3.2 and 3.5
log after 12 hours and by 5, 5.2, 5.4 and 5.6 log
after 18 hours. These results were disagreement
with the results obtained by Marks et al 2001,
who found that activation of LPs was not effected
B. cereus spores in milk. Also, the LPs treated
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milk, rather than heat-shocking of spores, is re-
sponsible for the greater keeping quality of milk
pasteurized at 72°C/15 s compared with 80°C/15
s.

Staph. aureus subsp aureus count increased
both in Gl, G2, G3 and in the control milk sam-
ples by 0.5, 0.5, 1.3 and 2 log, respectively after 6
hours from initial value (6.5).

Also, it was increased by 1.8,2, 2.8 and 3.4 log
after 12 hours and by 4.3, 4.5, 4.8 and 5 log after
18 hours. In case of compared the results of Staph:
aureus with the results obtained by Seifu et al
(2004) in Saanen goat milk, he found that the
mean of Staph. aureus count decreased by 0.1 log
in the LP-treated milk and increased by 0.14 log in
the control milk at the end of the incubation pe-
riod.

The level of Staph. aureus in the LP-activated
Saanen goat milk after 6 h of incubation was 41%
lower than its level in the control milk.

Table 3, LSM =+ SE of LPs groups and three dif-
ferent times effect on gram negative
pathogenic bacteria in goat milk.

Log cfu/ml
ltems
Y. enterocoli- S. typhi- E. coli
tica mieritm O175:H7
Overall mean
9.700.123 0.0910.075 10.3520.145
groups
C 10.34a+0.170 9.5320.080 10.97a40.102
Gl 8.87"10.170 8.51"+0.080 9.72°0.102
G2 9.56°:0.170 8.99°+0.080 10.10°20.102
G3 10.05°+0.170 9.34"+0.080 10.619+0.102
Time (hours)
6 7.95°x0.076 7.06°£0.070 8.61°+0,088
12 9.58°10.076 8.7170.070 10.33710.088
18 11.58°£0.076 11.52°40.070 12.11°£0.088

b.¢4 mean values with the different superscript letters within
the same item are significantly different (p<0.05).,
LSM = LS Mean, SE = Stander Error.

C = Control group.

Gl = Group] (14 mg Sodium thiocyanate + 30 mg Sodium

percarbonate).

G2 = Group2 (15 mg Sodium thiocyanate + 10 mg Sodium

percarbonate).

G3 = Group3 (20 mg Sodium thiocyanate + 25 mg Sodiuin

percarbonate).
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Table 4. LSM + SE of LPs groups and three dif-
ferent times effect on gram positive
pathogenic bacteria in goat milk

agreement with Hughey and Jobnson (1987) who
found that Lz inhibited the growth of the same six
studied pathogenic bacteria. Also, the results were
in agreement with Abdou et al (2005) which
found that the Lz derived from hen egg has inhibi-

tory effect against pathogenic bacteria specially
Bacillus species.

Table 5. Analysis of variances of the main effects
using different concentrations of Lz on
different six pathogenic bacteria in goat

Log cfw/mi
tems B. cereus Staph. aureus  List. monocy-
subsp aureus togenes
LSM SE LSM SE LSM SE
Overall
mean 9.16 0.060 9.29+0.085 9.03+0.113
Groups
C 9.59°+0.077 10.00'£0.135 9.57'10.126
Gl 8.80°+0.077 8.75°+0.135  8.50°10.126
G2 9.02°£0.077 889" x0.135 8.86°+0.126
G3 9.22'+0.077 9.53°£0.135 9.19°+0.126
Time (Hours)
6 7.20°+0.067 7.61"£0.054 7.13':0.110
12 9.05°0.067 9.06°+0.054 8.66°10.110
18 11.22°40.067 11.20°+0.054 11.30°+0.110
ahcd

mean values with the different superscript letters within
the same item are significantly different (p<0.05)., LSM
=LSMean, SE = Stander Error.

(i) for details of studied groups, see Table 3.

List. monocytogenes count increased both in
Gl, G2, G3 and in the control milk samples by
0.6, 0.9, 1.1 and 2 log, respectively after 6 hours
from initial value (6). Also, it was increased by 2,
2.8, 3 and 3.2 log after 12 hours and by 5, 5.2, 5.5
and 5.6 log after 18 hours. These results were in
the same trend found by EL-Nawawy (1993) who
shows the Lisz. monocytogenes was sensitive in
camel milk with activated LPs and stored at dif-
ferent temperature up to 7 days.

Generally, the goats’ milk can be kept safe for
6 h at 30 — 37 °C through the activation of LPs
before the pasteurization and manufacture.

Lysozyme (Lz) concentrations

The results presented in Table (5) show that, there
were highly significant (p<0.01) differences be-
tween different concentrations of Lz and between
the three studied times on the all six studied bacte-
ria. It could be these differences occurred due to
the effects of the different concentrations of Lz
which let to decreased the count of the different
studied six bacteria strains than control along at 6,
12 and 18 hours incubation. These results were in

milk.
MS
Staph.
S0V df List. Y. S.
aureus E. coli
B.cerues monocy-  entero-  typhi-
subsp 0115:147
togenes  colitica  murium
aureus
Total 11
Time 2 1529 1641 1894 15.62" 2346° 1563”
Conc. 3 041 038" 049" 049" 006" 0317
Emor 6 003 004 005 011 0.01 0.5

*+ P<0.01, df = degrees of freedoms, MS = Mean Squares.,
conc. = concentrations, $.0.V= Source Of Variation

Effect of Lz on growth of gram negative bacte-
ria

The results of the effect of Lz on growth of
g-am negative bacteria are present in Table (6).
Y. enterocolitica was increased in different con-
centrations of Lz (C1, C2, C3) and in the control
(C) milk samples by 2, 1.6, I and 2.8 log, respec-
tively after 6 hours from the initial value (6). Also,
it was increased by 4, 3.7, 3.4 and 4 log, respec-
tively after 12 hours and by 5.9, 5.8, 5.5 and 5.9
log, respectively after 18 hours incubation. The
results were confirm the results obtained by
Hughey and Johnson (1987) who found that Lz
inhibited the growth of Y. enterocolitica bacteria
when used in concentration of 20 and 200 pg/ml.

S. typhimurium was increased in C1, C2, C3
and C by 0.9, 0.8, 0.8 and 1 log, respectively after
6 hours incubation from the initial value (6.2).
Also, it was increased by 3.3; 2.9, 2.8 and 3.4 log,
respectively after 12 hours and by 5.8, 5.7, 5.6 and
5.8 log, respectively after 18 hours. These results
were higher than 0.18 log cfu/ml was found by
Vannini et al (2004) in skim milk after Lz treat-
ment at 37°C for 24 hours. In addition, Mass-
chalck er al (2001) tested the sensitization of S.
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typhimurium suspensions by adding Lz under
pressure. They found that adding 100 pg/ml even
had a protective effect against pressure caused an
inactivation of S. typhimurium bacteria.

Table 6. LSM + SE of Lz concentrations and three
different times effect on gram negative
pathogenic bacteria in goat milk.

El-Gendy, Marwa; Kamel; El-Nawawy and Magdoub

B. cereus count increased in C1, C2, C3 and C by
0.9, 0.8, 0.5 and 1.7 log, respectively after 6 hours
from the initial value (6.1). Also, it was incrcased
by 2.9, 2.7, 2.3 and 3.2 log, respectively after 12
hours incubation and by 5, 4.9, 4.8 and 5.4 log,
respectively after 18 hours. These results were in
the same trend found by Hughey and Johnson
(1987) on B. cereus. While, the Lz effect was
slightly inhibited the strain growth.

Staph. aureus count increased in CI, C2, C3
and C by 1, 0.7, 0.7 and 1.8 log units, respectively
after 6 hours from the initial value (6.2). Also, it
was increased by

Table 7. LSM + SE of Lz concentrations and three
different times effect on gram positive of
pathogenic bacteria in goat milk.

Log cfu/ml
Y. enterocoli- S. typhi- E.coli
Items tica murium O175:H7
LS LS
M SE M SE LSM SE
Overall
mean 970+0.123  9.0940.075 10.35+0.145
Concentrations }
C 10.21°+0.188  9.51*+0.069 10.80"+0.135
Cl 9.93"+0.188  9.43"x0.069 10.69'+0.135
Cc2 9.67°+0.188  9.27°:0.069  10.36"+0.135
ok} 9.26"+0.188  9.20°:0.069  10.09"+0.135
Time (Hours)
6 7.80'%0.162  7.0040.060  8.39'+0.117
12 9.47°40.162  9.22°+0.060 10.75"+ 0.117
18 11.76°20.162  11.83°+0.060 12.32°¢ 0.117

0.¢d menn values with the different superscript letters within

the same item are

significantly different (p<0.05)., LSM =LSMean, SE = Stander
Error.

C = control.

C1 = 50 g /ml of Lz chicken egg white.

C2 = 150 pg /ml of Lz chicken egg white.

C3 =200 pg /ml of Lz chicken egg white.

E. coli was increased in C1, C2, C3 and C by
2.6, 1.9, 1.7 and 2.9 log, respectively after 6 hours
incubation from the initial value (6.1). Also, it was
increased by 4.7, 4.7, 4.4 and 4.9 log, respectively
after 12 hours incubation and by 4.5, 4.8, 5.1 and
5.4 log, respectively after 18 hours incubation.
These results were in agreement with Branen and
Davidson (2004) who observed that Lz inhibited
growth.of E. coli O104: H21 strain in UHT milk at
25°C for 24 hours, which consistently more resis-
tant than the studied E.coli O157:H7 strain.

Effect of Lz on growth of gram positive bacte-
ria

The results of the effect of Lz on growth of
gram positive bacteria are presented in Table (7).

Log cfu/ml
Stap. aureus  List. monocy-
Items B. cereus ’
subsp aureus ‘togenes
LSM SE LSM SE LSM SE
Overall
mean 9.16+0.089  9.29+0.085 9.03+0.113
Concenlmtion§
C 9.51%40.095 9.77°+0.112  9.47°+0.135
Cl 9.00°+0.095  9.38":0.112  9.12"+0.135
c2 8.90°40.095  9.18"0.112  8.8910.135
c3 8.62°+0.095  8.93°10.112  8.51+0.135
Time (Hours)
6 7.07°+0.082  7.22'+0.098  7.02°+0.117
12 8.85"+0.082 9.47":0.098  8.64":0.117
18 11.10°40.082  11.26°+0.098  11.33°+0.117

Means with the different superscript letter within the same item
are significantly (P<0.05) different.
(i) for details of studied concentrations, see Table 6.

3.5, 3.2, 2.8 and 3.7 log, respectively after 12
hours incubation and by 5.2, 5.1, 4.8 and 5.3 log,
respectively after 18 hours incubation. These re-
sults confirmed Maga et al (1998) who observed
that Lz was able to make the growth of Staph.
aureus in milk slowly. Moreover, the Lz at aver-
age concentration of 0.38 -mg/ml have bacterio-
static against Staph. aureus.

List. monocytogenes count increased in ClI,
C2, C3 and C by 1, 0.8, 0.4 and1.9 log, respec-
tively after 6 hours from the initial value (6). Also,
it was increased by 2.9, 2.6, 2.1 and 3 log, respec-
tively after 12 hours incubation and by 5.5, 5.3, §
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and 5.6 Log, respectively after 18 hours incuba-
tion. These results confirmed that Lz inhibited the
growth of List. monocytogenes Scott A, obtained
by Branen and Davidson (2004). Also, these
results agreement with Hughey and Johnson
(1987) who suggest that Lz could have positive
effective in foods as a safety factor to assist in the
inhibition of List. monocytogenes. Also, the values
were disagreement with Kihm et al (1994) who
found that the List. monocytogenes was com-
pletely resistant to inactivation by Lz in whole or
skim milk at 4°C for 6 days. ,

In general, both of LPs and Lz have positive
impact to reduce the gram positive and negative
bacteria in goat milk collected form North Sinai of
Egypt. The cffect of LPs and Lz was more effec-
tive on List. monocytogenes than other gram posi-
tive bacteria and on S. typhimurium than other

gram negative bacteria at 6, 12 and 18 hours incu-
bation.

CONCLUSIONS

About the all six studied pathogenic bacteria
could be concluded that, both of LPs and Lz have
less log cfu/ml count than control. The combina-
tion of 14mg sodium thiocyanate + 30mg sodium
percarbonate, which used to activate LPs, was the
highest significantly positive affected. Moreover,
the positive effect of Lz was increased by increase
its concentrate. It could be recommended that, our
results were obtained on goat milk only and fur-
ther studies for application in various types of
milk produced through different desert animals i.e.
sheep and camel are required to give insight into

what may happen natural antimicrobial system(s)
in milk.
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