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ABSTRACT

The purposes of this study were to investi-
gate the levels of lactoferrin in 180 normal
and 132 mastitic camel milk samples and to
elucidate the effect of age, lactation stage,
presence of pathogens, and somatic cell
counts (SCC) on the concentration of lacto-
ferrin in camel milk using radial immunodif-
fusion test. The mean log concentration of
lactoferrin from mastitic camels (3.8 £ 0.67)
was significantly higher than that in normal
camels (2.65 + 0.88). The mean log concen-
trations of lactoferrin in 3- and 4-year-old
lactating camels were significantly higher
than that in older camels. A correlation was
observed between the levels of lactoferrin in
normal and mastitic camel milk and the SCC
score. The log lactoferrin concentrations in
subclinical mastitic camel milk infected with
Staphylococcus aureus and coagulase-nega-
tive staphylococci isolates were significantly
higher than those for other bacterial iso-
lates. No differences in the concentration
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of lactoferrin were observed in reference to
the stage of lactation. These data could help
in understanding the mechanisms of udder
resistance to infections. In addition, levels of
lactoferrin in milk could be used as a diag-
nostic tool in cases of subclinical mastitis.

INTRODUCTION

Lactoferrin is an iron-binding glycoprotein
of the transferrin family that posses antimi-
crobial activity.! Lactoferrin is present in
most biological fluids including milk, blood,
and mucous secretions. The antibacterial
power of lactoferrin against bacteria, some
yeast, fungi, viruses, and parasites has been
investigated.? In addition, the modulatory
effect of lactoferrin on inflammatory re-
sponse and activation of the immune system
have been reported previously.>* Lactofer-
rin works as an antimicrobial compound
through chelating the iron ion, making this
essential ion unavailable to the invading
pathogens.!

The content of lactoferrin in milk varies
depending on the species. The concentration
of lactoferrin in cow’s milk is lower than in
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human’s milk.* A factory scale production of
bovine lactoferrin at high purity was estab-
lished long ago.’

There have been many reports on the an-
tibacterial effects of lactoferrin of different
origins.>*7 In addition, the role of lactoferrin
in mastitis has been investigated in cattle.* In
bovine, lactoferrin concentration was found
to be correlated to the milk somatic cell
counts (SCCs) and stage of lactation.* The
mean concentrations of lactoferrin in normal
and mastitic cow milk have been reported
previously and found to be 2.23 and 2.70,
respectively (concentrations are expressed in
the logarithmic form).>*

The objectives of this study were to de-
termine the concentrations of lactoferrin in
milk of normal and subclinical mastitic cam-
els and to investigate in vitro the antibacte-
rial effect of camel lactoferrin on different
bacteria species isolated from camels with
subclinical mastitis.

MATERIAL AND METHODS

Animals

A total of 312 quarter milk samples were
collected from 78 clinically normal lactat-
ing camels (Camelus dromedarius) from 10
herds located in the central and the northern
parts of Jordan. This study is part of a na-

Table 1. Lactoferin Concentration (log) in Subclinical Mastitic Milk as Classified by

Bacterial Isolates and SCC Score.

tional epidemiological investigation directed
by the principal author to investigate clinical
and subclinical mastitis in camels in Jordan.
A total of 5-10 mL of milk from each quarter
was collected aseptically while the animal
was standing. Age and stage of lactation
were recorded. Milk samples were classified
on the basis of SCCs and bacterial isola-
tion. Milk samples were considered normal
if the SSCs were less than 100,000 cell/mL
and no bacteria was isolated. Milk samples
from which bacteria were isolated were
considered subclinical mastitic milk. Out

of the 312 analyzed quarter milk samples,
180 were considered normal milk under the
above mentioned criteria. Isolated bacte-

ria were identified according to standard
procedures.® The following bacterial isolates
were obtained from the analyzed subclini-
cal mastitic milk: Staphylococcus aureus 80
isolates, coagulase negative staphylococci
(CoNS) 28 isolates, Arcanobacterium pyo-
gens 15 isolates, Streptococcus agalactiae 8
isolates, other streptococci 30 isolates, and
Escherichia coli 44 isolates.

Determination of SCC

Somatic cell counts in camel milk were de-
termined by spreading 10 pL of thoroughly
mixed milk from each sample over a 1-cm?
area on a glass slide. Slides were stained
with Newman-
Lampert stain

*Values (means) with different letter superscripts statistically different (P < 0.05).
SCCs were classified by numbers into the following scores: 0 < SCC 0 < 30,000 < SCC 1

< 50,000 = SCC 2 < 100,000 < SCC 3 < 200,000 < SCC 4.
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- - after drying fol-
Lactoferrin Concentration lowing previousl
Criteria Classification No. of Samples (log) (mean £ SD)* WIng previousty
- reported proce-
Bacterial S aureus 80 411 +0.122 9 .
isolates dures.’ Somatic

CoNS 28 4.62£0.32° cell counts were

A pyogens 15 3.12+0.30° converted into
S agalactiae 8 3.33+0.25° scores as shown
Other streptococci 30 3.42+0.72° in Table 1.

E coli 44 3.02 + 0.55° Lactoferrin De-
scc SCCo 15 3.12£0.41° termination
score SCC 1 33 3.31+0.33" Milk lactoferrin

scc 2 42 3.45 + (525 concentrations

scc3 23 3.52 +0.29°° were measured
using a commer-

SCC4 19 4.01 +£0.38¢ . .

cially available

test kit (BSL,
Miyagi, Japan).
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Concentrations of lactoferrin were trans-
formed into logarithmic form (log).

Lactoferrin Isolation and Purification
From Camel Milk

Lactoferrin from camel milk was isolated
and purified using previously reported
methods.'?

Minimal Inhibitory Concentration of
Lactoferrin

Minimal inhibitory concentration (MIC)
values of lactoferrin isolated and purified
from camel milk were determined for the
isolated bacterial strains following previ-
ously published procedures described

for bovine lactoferrin.!' Briefly, bacterial
isolates were cultured in heart infusion broth
and incubated at 37°C for 24 hours. Colony
counts were determined using standard
plate technique and cultures were adjusted
to have 106 cfu/pL. Sixty microliters of
each adjusted culture broth were added to

a 96-well microplate. After incubation at
37°C for 1 hour, 5 pL of filter and sterilized
lactoferrin at a concentration ranging from 1
pg/mL to 50 mg/mL were added. The plates
were mixed thoroughly and incubated at
37°C for 24 hours. Plates were then mixed
and optical density was measured at 600 nm
in a microplate reader. Bacterial isolates that
were not inhibited at 50 mg/mL lactoferrin
concentration were classified as lactoferrin
resistant.!

considered significant. All analyses were
performed using SPSS® software version 14
(SPSS Inc., Chicago, Illinois, USA).

RESULTS

Lactoferrin Concentration

The concentrations of lactoferrin in normal
and mastitic camel milk ranged from 20-
2100 pg/mL and 44-3100 pg/mL, respec-
tively. The average (+ standard deviation)
logarithmic concentrations of lactoferrin in
normal and mastitic camel milk were 2.65 +
0.88 and 3.8 + 0.67, respectively. The mean
log concentration of lactoferrin in mastitic
milk was significantly higher than that in
normal milk. When classified according to
bacterial isolates, the log lactoferrin concen-
trations in subclinical mastitic camel milk
infected with S aureus and CoNS isolates
were significantly higher than those for the
other isolates (P < 0.01). Mastitic camel
milk infected with E coli showed the lowest
concentration of lactoferrin when compared
to mastitic milk infected with other bacterial
isolates (P < 0.01) (Table 1).

A correlation was observed between the
levels of lactoferrin in normal and mastitic
camel milk and the SCC score (Table 1),
where higher concentration was observed
with higher SCC scores (Spearman’s coef-
ficient = -0.44, P < 0.05).

Statistical Analysis Table 2. Lactoferin Concentration (log) in Normal Camel Mik as Classified by

The differences in

Animal Age, Stage of Lactation, and SCC Score.

the milk lactoferrin Lactoferrin Concentra-
concentrations (log) Criteria Classification No. of Samples | tion (log) (mean * SD)*
among the different |Age 2-3 years 45 2.91£0.22
groups (normal and 4-6 years 57 3.01+£0.31°
mastitic milk) were 6-8 years 60 2.32£0.28
tested by Kruskal- >8 years 18 2.23+0.26°
Wall.ls test. The. €O I'stage of Beginning 97 2.60 + 0.31°
relation coefficients .

. lactation Middle 54 2.58 +0.14°
among the different o
factors (age, stage Late 29 2.62 +0.22°
of lactation, and SCC score SCCO 101 2.64 £ 0.402
SCC score) were SCC1 46 2.99 + 0.09°
analyzed by Spear- scc2 33 3.10 £ 0.35°

man’s correlation.
A P <0.05 was

*Values (means) with different letter superscripts statistically different (P < 0.05).

SCCs were classified by numbers into the following scores: 0 < SCC 0 < 30,000 < SCC 1
< 50,000 < SCC 2 < 100,000.

122 Intern J Appl Res Vet Med * Vol. 5, No. 3, 2007.



The mean (log) concentrations of lacto-
ferrin in 3- and 4-year-old lactating camels
were significantly higher (Kruskal-Wallis
test) than those in older camels (Table 2).
The concentration of lactoferrin in camel
milk was significantly correlated (Spear-
man’s coefficient =-0.66, P <0.01) to the
age of the lactating camel. No differences
in the concentration of lactoferrin were ob-
served in reference to the stage of lactation
(P>0.05).

Antibacterial Effects of Camel Lactofer-
rin Against Selected Isolated Bacteria
From Subclinical Mastitic Milk

All tested bacterial isolates were resistant

to the camel lactoferrin except 20 S aureus
isolates, 2 S agalactiae, and 12 streptococci
other than S agalactiae (growth was not
inhibited at 50 mg/mL lactoferrin concentra-
tion) (Table 3). Lactoferrin failed to inhibit
any of the CoNS, 4 pyogens, and E coli iso-
lates. The most sensitive isolate to lactofer-
rin was one of the S aureus isolate with an
MIC value of 0.006 mg/mL.

DISCUSSION

This is the first investigation on the levels
of lactoferrin in camel milk in reference to
age, lactation stage, SCC score and bacterial
findings. Our study shows strong association

Table 3. The Minimal Inhibitory Concentrations
(MIC) of Lactoferrin to Bacterial Isolates From Sub-
clinical Mastitic Camel Milk.

Bacterial MIC Value Number of
Isolate (mg/mL) Isolates
S aureus >50 60
4.1 19
0.006 1
CoNS >50 28
S agalactiae >50 6
5.1
0.1 1
A pyogens >50 15
Other strepto- >50 18
cocci 22 )
1.8 2
0.22 2
E coli >50 44

Intern J Appl Res Vet Med * Vol. 5, No. 3, 2007.

between levels of lactoferrin in milk and age
in camels, where older camels tend to have
lower lactoferrin concentrations. Similar
findings were reported in cattle.* It has been
suggested there is no association between
age and lactoferrin concentration in the milk
of cattle.>* Unlike previous reports in cattle,
stage of lactation in camels has no signifi-
cant impact on the levels of lactoferrin in the
milk.*12

As expected, the concentrations of
lactoferrin in camel milk were enhanced in
subclinical mastitic quarters. Similar find-
ings were reported in cattle and human.*!
Slight elevation of lactoferrin in cattle with
subclinical mastitis has been reported while
it was significantly elevated in clinically
affected ones.! The higher levels of lactofer-
rin in milk of animals with mastitis may be
associated with severity of inflammation.'*!*

In this investigation, a significant as-
sociation was observed between lactoferrin
concentration and SCC score. Our find-
ings were in agreement with those reported
previously in cows.* A strong association
between udder inflammation and low SCC
was reported, rendering low SCC as risk fac-
tor for clinical and subclinical mastitis.' It is
possible that low lactoferrin concentration in
camel milk has the same implications as low
SCC score. This means that low lactoferrin
concentration may be considered a risk fac-
tor for udder infection in camels.

The concentration of lactoferrin in camel
milk might be associated with the pathoge-
nicity of the bacterial species that present in
the mammary gland. In this study, the lowest
concentration of lactoferrin was found in
quarter milk samples infected with E coli
and the highest concentration was found in
udder infected with CoNS. In cattle, the high
levels of lactoferrin were observed in milk
infected with S aureus.'

A low lactoferrin concentration in milk
with E coli may lead to rapid growth of the
bacteria and exaggeration of the clinical dis-
ease.'>!® On the contrary, lactoferrin was sig-
nificantly increased in cows experimentally
infected with £ coli.'” Antimicrobial activity
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of lactoferrin may be different in Gram-neg-
ative and Gram-positive bacteria due to the
differences in the cell membrane structure.
However, previous studies in cattle and hu-
mans showed bacterial isolates (both Gram-
positive and Gram-negative) inhibited by in
vitro addition of lactoferrin.?”!? Literature
has shown that lactoferrin can act as either
a bacteriostatic and/or bactericidal agent.>*
This difference in the activity may, in part,
explain the wide range of MIC values for
lactoferrin. Lactoferrin isolated from camels
was able to inhibit growth of only 20% of
the S aureus isolates. None of the CoNS, E
coli, or A pyrogens isolates was inhibited
by lactoferrin. Presence of the previously
described lactoferrin-binding proteins or
lactoferrin receptors on the surface of these
microorganisms may partially explain the
resistance of these isolates to lactoferrin.!'
More investigations are needed to elucidate
mechanisms of resistance of some bacteria
species to camels’ lactoferrin.

REFERENCES

1. Wakabayashi H, Yamauchi K, Takase M: Lactofer-
rin research, technology and applications. /nt Dairy
J2006;16:1241-1251.

2. LeeN, Kawai K, Nakamura I, Tanaka T, Kumura
H, Shimazaki K: Susceptibilities against bovine
lactoferrin with microorganisms isolated from
mastitic milk. J Vet Med Sci 2004;66:1267-1269.

3. Bethell DR, Huang J: Recombinant human
lactoferrin treatment for global health issues:

Iron deficiency and acute diarrhea. Biometals
2004;17:337-342.

4. Hagiwara S, Kawai K, Anari A, Nagahata H:
Lactoferrin concentrations in milk from normal
and subclinical mastitic cows. J Vet Med Sci
2003;65:319-323.

5. Law BA, Reiter B: The isolation and bacteriostatic
properties of lactoferrin from bovine milk whey. J
Dairy Res 1977;44:595-599.

6. Arnold RR, Russell J, Champion WJ, Brewer
M, Gauthier JJ: Bactericidal activity of human
lactoferrin: differentiation from the stasis of iron
deprivation. Infect Immun 1982;35:792-799.

7. Farnaud S, Patel A, Odell EW, Evans RW: Varia-
tion in antimicrobial activity of lactoferricin-de-
rived peptides explained by structure modeling.
FEMS Microbiol Lett 2004;238:221-226.

8. Embert HC: Veterinary Clinical Pathology. 4th ed.
Philadelphia, PA: Saunders;1986.

9. Elagamy EI, Ruppanner R, Ismail A, Champagne
CP, Assaf R: Purification and characterization
of lactoferrin, lactoperoxidase, lysozyme and
immunoglobulins from camel’s milk. /nt Dairy J

124

10.

12.

13.

15.

16.

1996;6:129-145.

Kimura M, Nam MS, Ohkouchi Y, Kumura H,
Shimazaki K, Yu DY: Antimicrobial peptide of
Korean native goat lactoferrin and identification of
the part essential for this activity. Biochem Biophys
Res Commun 2000;268:333-336.

. Kutila T, Suojala L, Lehtolainen T, et al: The

efficacy of bovine lactoferrin in the treatment of
cows with experimentally induced Escherichia coli
mastitis. J Vet Pharmacol Ther 2004;27:197-202.
Nozaki A, Ikeda M, Naganuma A, et al: Identifica-
tion of a lactoferrin-derived peptide possessing
binding activity to hepatitis C virus E2 envelope
protein. J Biol Chem 2003;278:10162-10173.
Kawai K, Hagiwara S, Anri A, Nagahata H:
Lactoferrin concentration in milk of bovine clinical
mastitis. Vet Res Commun 1999;23:391-398.

. Suriyasathaporn W, Schukken YH, Nielen M,

Brand A: Low somatic cell count: a risk factor for
subsequent clinical mastitis in a dairy herd. J Dairy
Sci 2000;83:1248-1255.

Farnaud S, Evans RW. Lactoferrin—a multifunc-
tional protein with antimicrobial properties. Mol
Immunol 2003;40:395-405.

Harmon RJ, Schanbacher FL, Ferguson LC, Smith
KL: Changes in lactoferrin, immunoglobulin G,
bovine serum albumin, and alpha-lactalbumin
during acute experimental and natural coliform
mastitis in cows. Infect Immun 1976;13:533-542.

Intern J Appl Res Vet Med * Vol. 5, No. 3, 2007.



