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Abstract

The efficiency of lactoperoxidase system (Lps) activation as a mean of
preserving of the quality of raw buffalo milk samples was studied. The samples
were obtained from some farms in village at Sharkia province. The samples were
activated at about 3 hours after morning milking then stored at 7°C. Titratable
acidity % (TA) and psychotropic count (PC) as hygienic quality tests were made.
The results showed a differences between the activated and control samples.
Whereas, at 7°C activated milk samples were spoiled at about 120 hours (5™ day)
while, control milk samples were spoiled at about 72 hours (3™ day) of storage. Lps
was found to have bacteriostatic activity against S. fyphimurium. Activation of Lps
result in, a substantial veduction of S§. fyphimurium count and prevent its
multiplication for up to 5 days. So, this method of preservation may be used to
improve the quality of raw milk and to safeguard the consumers from food-
poisoning microorganisms as S. fyphimurium.

‘ Introduction

Milk contains several natural antimicrobial constituents as
lactoperoxidase system (Lps) which consists of lactoperoxidase enzyme,
hydrogen peroxide and thiocyanate (7,2). It is characterized by its heat
stability, since it retains its activity in normal pasteurization of milk
(63°C/30 minutes or 72°C/15 seconds), but it is destroyed at 80°C/2.5
seconds (3). Lactoperoxidase (LP) activity is found in all bovine milk,
but its content varies over a wide range from about 13 up to 30 mg/L,
several factors affecting its concentration such as breed, age and lactation
. stage (4). LP catalyzes the oxidation of thiocyanate (SCN) to
hypothiocyanate (OSCN’), which oxidizes protein sauifhydryl group (-
SH) of the bacterial cytoplasmic membrane to sulfenyl-thiocyanate
derivatives leading to immediate inhibition of the respiration of the cell
(5). It will also be shown that such treatment of milk is harmless to man
when consumed and this based on: (a) thiocyanate level in human saliva
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and gastric juice are far higher than in milk (50-200 and 40-50 ppm,
respectively); (b) detection of one the major oxidation products (OSCN")
in human saliva thus, the end products of Lps are harmless; (c) specific
damage to the bacterial cytoplasmic membrane, but not to mammalian
cell membranes and (d) amounts of SCN™ and H;O; added to preserve the
quality of milk are very small and it is rapidly consumed in the oxidation
of SCN" (6). Extended refrigerated storage of milk on the farm, in
transport and at the processing plants have created a unique problem for
the dairy industry due to rapid growth of psychotropic bacteria and their
extracellular lipolytic and proteolytic enzymes, which play an important
role in the deterioration of milk and its products (7). This situation forces
many producers to find a preservative products that represent a potential
public health hazard as well as affecting on the hygienic quality of milk,
for example, formaldehyde, antibiotics and others (8). To inactivate food
borne pathogens, novel technologies such as bio-preservation system,
non-thermal technologies, or combined treatment have been studied.
Different groups of bacteria showed a varying degree of resistance to the
Lps. Gram negative organisms such as salmonellae isn't only inhibited by
Lps but may be killed (9).

Therefore, the main purpose of the present study is to evaluate the effect
of activation of lactoperoxidase system (Lps) on the hygienic quality of -
buffalo's raw milk as well as the antibacterial effect on S. typhimurium at
refrigeration (7°C) temperature.

Material and Methods

1) Milk samples

Ten random freshly drawn morning buffalo raw milk samples
were obtained from some farms in villages at Sharkia province. Samples
were collected in labeled sterile polyethylene sacs, kept in insulated ice
box (5°C) and transferred to laboratory without delay. At laboratory each
sample (about 1 L) was separated into two main portions (each, 500 ml),
one to stabilized by activation of lactoperoxidase system (Lps) and other
kept as controls. Both controls and activated parts were examined after 0,
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24, 48, 72, 96 and 120 hours from the time of activation and all samples
were kept at 7°C.

2) Activation of lactoperoxidase system (70}

The activation of Lps was carried within 2-3 hours after milking
by addition of sodium thiocyanate (NaSCN, BDH chemical, LTD, Poole,
England), 20 mg/L milk. Plunging milk for about one min., followed by
sodium percatbonate (NayCO3.1.5 Hy0,, Peroxide-chemie Gmgh,
Munich), 40 mg/L milk. The milk was then stirred for another 2-3 min.
The enzymatic reactions were completed in the milk within 5 min. after
addition of H,O; donor (Na,COs).

3) Determination of hygienic quality

a) Determination of titratable acidity (71).

b) Psychotropic count (12).

4) Bacteria: Salmonella typhimurium strain ATCC 13311 was obtained
from Microbiological Resources Center, Cairo Mircen-Egypt, the
Egyptian Microbial Culture Collection (EMCC). Stock cultures were
maintained on nutrient agar slopes and subcultured when required at
37°C overnight in nutrient broth.

5) Activation of lactoperoxidase system (Lps) in milk against S
typhimurium. S. typhimurium was inoculated into a set of individual
freshly drawn buffalo's milk samples (2 control and 2 with activated
lactoperoxidase) to achieve a cell concentration of 10°-10
organisms/ml. The samples with activated lactoperoxidase and
control were incubated at 7°C and sub-samples removed after 0, 24,
72, 96 and 120 hours and to a spread plate count using xylose lysine
desoxycholate agar (XI.D) with plates being incubated at 37°C/24
hours.
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RESULTS

Table 1. Titratable acidity (TA) of examined raw buffalo’s milk samples
{n = 10), were activated at about 3 hours after morning milking

then stored at 7°C
. Means of TA%
Times/hours Activated Controls
0 0.14 0.14
24 0.15 0.16
48 0.16 0.19
72 0.18 0.23*
96 0.19
120 0.21*

*. Samples with an acidity > 0.20% recorded as rejected.

Table 2. Psychotropic counts {(PC) of examined raw buffalo's milk
samples(n = 10), were activated at about 3 hours after
morning milking then stored at 7°C

. Means of PC/ml
Times/hours Activated Controls
0 2.3x10° 3x10°
24 4.5x10° 7x10"
48 2x10° 9x10%*
72 8x10°
96 5x10%*
120 1.2x10°

*: Total bacterial counts over about 4x10° nearly judged as bad grade.

Table 3. Influence of lactopercxidse system (Lps) activation on
Salmonella typhimurium in raw buffalo's milk stored at 7°C

Number of Salmonella
Times/hours _typhimurium (cfu/ml.)
Activated Controls
0 7x10° 7x10°
24 Ix10° 7.6x10°
48 8x10° 8x10°
72 2x10° 5x107
96 5.5x10% 22x10°
120 6x10° 4.5x10°
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Discussion

Titratable acidity percentage of milk has a greater importance
where it is used for assessing the keeping quality (I). The results
summarized in Table 1 showed that improvement in the quality of the
activated milk samples at 7°C, since the control raw buffalo milk samples
at 72 hours have mean titratable acidity % of 0.23. While, titratable
acidity of activated milk samples were 0.21 at 120 hours. Nearly similar
findings were reported (13).

Lactoperoxidase system (Lps) activation controls the
development of higher acidity of milk by inhibition of lactic acid bacteria
(14). Moreover, activation of the Lps could be considered that base of a
method to prevent undue multiplication of psychrotrophs in cooled milk
(15).

The results presented in Table 2 declared that the mean
psychotropic counts of activated milk samples at 7°C was 5x10° at 96
hours while, the controls have passed more than this level at 48 hours. An
extension of about 2 says (48 hours) is indicated. On contrary, an
extension of about 4 days in case of activated cow milk was reported
(13). While, reduction of physchrotrophic bacteria for up to 5 days was
reported (16).

Lps activation delayed or even caused complete inhibition of
psychotropic microorganisms growth in activated milk samples (3, 17).

Inspection of Table 3 revealed that when Lps was activated, the
growth of S. typhimurium monitored at 7°C. The lowest count was
obtained after 72 hours (2x10*) and this antibacterial effect only appeared
o last for 96 hours since after that time the viable count began to
increase.

Milk of control treatment showed increase in counts of 7.6x10°,
8x105, 5x107, 2.2x10% and 4.5x10° for storage periods 24, 48, 72, 96 and
120 hours, respectively. At the same time, treated milk showed decreases
in count of 3x10°, 8x10%, 2x10%, 5.5x10" and 6x10° over the same time
period of storage. Similar results were recorded (3, 18, 19, 20, 21, 22).
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Gram-negative bacteria are less sensitive to the inhibitory effects

of Lps than for gram-positive bacteria. However, 1t has been reported that
Gram-negative organisms can be killed by the Lps when exogenous H;0,
at very low non bactericidal concentrations is added or is generated
enzymatically. It also was reported that lip polysaccharides of the cell
envelop influence the susceptibility of Gram-negative to the system and
the mutant strains of E. coli and S. typhimurium are killed by the system
(3).
In conclusion, our results showed that the activation of lactoperoxidase
system (Lps) constitutes a useful method to improve the hygienic quality
of raw milk and to safeguard the consumers and neonates against enteric
infection and pathogenic microorganism as S. {yphimurium.

References

1. Barrett N.E., Grandison A.S. and Lewis M.J. (1999): Contribution of the
lactoperoxidase system to the keeping quality of pasteurized milk. J. Dairy Res., 66
{1): 73-80.

2. Zimecki M. and Kruzel M.L. (2007): Milk derived proteins and peptides of
potential therapeutic and nutritive value. J. Exp. Ther. Oncol., 6 (2):'89-106.

3. Wolfson L.M. and Sumner S.S. {1993): Antibacterial activity of the lactoperoxidase
system: a Review. J. Food Prot., 56: 887.

4. Korhonen H. (1977): Antlmicrobza! factors in bovine colostrum, J Sci. Agric. Soc.
Finland, 49: 434.

5. Purdy A.M., Tenovuo J., Pruitt M.K. and White E.W. (1983): Effect of growth
phase and cell envelope structure on susceptibility of Salmonella typhimurium to
the lacrtperoxidase-thiocyanate-hydrogen peroxidase system. Infection and
Immunity, 39 (3): 1187-1195.

6. Salah F.A. (2004): Influence of lactroperoxidase enzyme activation on the hygienic
quality of raw milk and some dairy products. Ph.D. Thesis, Fac. of Vet. Med,,
Zagazig Univ., Egypt.

7. Mohamed E.A. (1999): Lipolytic psychrotrophs in milk. M.V.Sc., Thesis, Fac. of
Vet. Med., Zagazig Univ., Egypt.

8. Korhonen H. (1980): A new method for preserving raw milk: the lactoperoxidase
antibacterial system. World Anim. Rev., 35: 23-29.

9. De-Wit JN. and van Hooydonk A.C. {1996): Structure, functions and applications
of lactoperoxidase in natural antimicrobial systems. Netherlands Milk Dairy J., 50:
227-244.

16. Abd El-Khalek A. (1995): Assessment of pseudomonas in farm bulk milk. Ph.D.,
Thesis, Fac. of Vet. Med., Zagazig Univ., Egypt.

154



Benha Vet.Med.J,, Vol. 18, No.1, June. 2007

11.

12.

13.

James C.S. (1995): Analytical chemistry of foods. Blackie Academic and
professional, p. §. London.

AP.H.A. (1985): Standard methods for examination of dairy products 15" Ed,
American Public Health Association, Washington, D.C., USA.

Abdallah M.L (2005): A new trial for preservation of raw cow's milk at 30°C and

" 5°C by activation of the natural lactoperoxidase system, 4% Int. Sci Conf

14.

15,

16.

17.

18.

19.

20.

22,

Mansoura, 943-956.

Guirguis N. and Hickey M.W. (1987): Factors affecting the performance of
thermophilic starters. II- Sensitivity to the lactoperoxidase system. Australian J.
Diary Technol., 42 (1/2): 14-16.

Shan N.P. (1994): Psychrotrophs in milk: a review. Milchwissenschaft, 49 (8): 432-
437,

Bjorck L. (1978): Antibacterial effect of lactoperoxidase system on psychrotrophic
bacteria in milk. J. Dairy Res., 45 (1): 109-118.

Champagne C.P., Laing R.R,, Roy D., Mafu A.A. and Griffiths M.W. (1994):
Psychrotrophs in da:ry products their effects and their control. Cnt Rev. Food Sci.
Nutr., 34 (1): 1-30.

Reiter B., Marshall V., Bjorck L, and Resen C. (1976): Non specific bactericidal
activity of the lactoperoxidase-thiocyanate-hydrogen peroxide system of milk
against Escherichia coli and some Gam-negative pathogens. Infection and
Immunity, 13 (3): 800-807.

Wray C. and McLaren L (1987): A note on lactoperoxidase systems on
Salmonella in vitro and in vivo. J. Appli. Bacteriol., 62 (2): 115-118.

Fl-Agamy E.L, Ruppanner R., Ismail A., Champagen C.D. and Assaf R. (1992):
Antibacterial and antiviral activity of camel milk protective proteins. J. Dairy Res.,

- 59 (2): 169-175,
21,

Abd El-Khalek A., Salama ML.E. and El-Khosi O.H. (2003): Activation of the
lactoperox:dase system in milk against pathogenic bacteria at refrigeration
temperature, 3 ™ 1nt. Sci. Conf. Mansoura, 529-537.

Garcia-Graells C., Van Opstal 1, Vanmuyser S.C. and Mickiels C.W. (2003):
The lactoperoxidase system increases efficacy of high pressure inactivation of food
borne bacteria. Int. J. Food Microbiol., 81 (3): 211-221.

155



Benha VetMed.J., Vol. 18, No.1, June. 2007

AN ol Al Bl 1o it g s s3SOU pa] daptiih 583

ZUAl Ao gl daaa o (6 g Hadl dada Gt G
u.:.)i]l @jﬁjldm;i.’nié‘ﬂf\;.aih‘,
aa— O pall das &g 2gaa

Aoy Sy 4k 2 ALbidlae (558 (b g 3l rany (0 Cinan A Gagala 0 Cligal
2V 5 ya a3 ade 4t s laliia Aila e el Gy ey Jay il
o Ol @iy a2V 51 ja A 53 e Bay pll Ladll Uy SN 20 p Ay sl dia gaall
Cl.\:\.nlc*a..la}.&ﬁ Oﬁga.hgh.an Q@l@m‘ F&‘Q._iuz._l;m“ Betaslt U‘E"U"“;.;
3;L§SJ1_33$1?5,:L1=§L&1 Lﬁu‘p.lha_a_)ﬁqlbuyﬂu.“};u_“ JLH!SO_’-JJ.L);L.}A:‘}‘ 3_).35
ool b anall IR 03 Cam ) g0 Al pallid) g (2850 3000 s g SISO g
E;US.“ML&ALL»‘OSAQ?NI @Jll.hj;u_alig)u! sla _;JS:JJ?Q‘M‘_JB
iy sSoadl g o @ HAAN aendlly Ll (e llgfiad) Lban s (ol dmall

- a0 3340 i gallall (Jie

156





