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ABSTRACT

In this study the antibacterial activity of lactoferrin against Cronobacter sakasakii (C. sakasakii) as a foodborne
pathogen was investigated. The bovine lactoferrin (bLf) was isolated and purified from bovine colostrum by
FPLC chromatography and visualized using (SDS-PAGE). Purification efficiency was 90%. C. sakasakii was
isolated from a total of 100 samples of infant formula milk powder (IFMP) samples collected randomly from
Qena city groceries and supermarkets using HiCrome Enterobacter sakazakiiagar followed by biochemical
testing. C. sakasakii was detected in 21% of the total samples examined. The antibacterial effect of bLF on C.
sakasakii isolates was tested via performing disk diffusion method using Mueller—Hinton agar. The results
revealed that bLF at concentration of 10mg/ml showed the maximum inhibitory effect whereas the least
inhibitory effect was recorded at concentration of 1mg/ml. The results indicated that bLF may be useful for
inhibition of C. sakasakii in infant formula through supplementation or fortification. More attention should be

paid during manufacture and handling of IFMP.
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INTRODUCTION

Lactoferrin is an 80 kDa iron binding
glycoprotein of the transferring family. Lactoferrin is
a major component of milk and presents in neutrophil
granules or other exocrine secretions such as tears
and saliva. It is found in concentration up to 1.5
mg/ml in bovine colostrum (Yekta et al., 2010).
Lactoferrin is an important host defence molecule and
has diverse physiological functions such as
antibacterial, antiviral and anticancer activities.

Many studies have demonstrated the bacteriostatic
and bactericidal effect of Lactoferrin, against a wide
range of Gram-positive and negative bacteria
(Farnaudand Evans, 2003). Lactoferrin inhibits
bacterial pathogens by a direct interaction mediated
by binding of the lipid A portion of the
lipopolysaccharide (LPS) of Gram-negative bacteria
(Brandenburg et al., 2001). The expanding demand
for adding Lactoferrinto the products due to its
nutritional values and physiological benefits has
incentivized research workers to find much more
simple and economic ways to isolate and purify
Lactoferrin.
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C. sakazakii (formerly known as Enterobacter
sakazakii) is a Gram negative rod, motile facultative
anaerobic bacterium (lversen et al., 2008).C.
sakazakii have associated with severe forms of
necrotizing and meningitis especially in neonates
with mortality rate varies from 40 — 80% (Healy et
al., 2010) and the infective dose is estimated to range
from 10% to > 108 cells (Pagotto et al., 2003).

C. sakazakiihas been isolated from wide range of
dairy products (Ye et al., 2014). Moreover, powdered
infant formula has been epidemiologically linked to
Cronobacter infections in infants (Healy et al., 2010
and Sani et al., 2014). Much research has focused on
the presence of C. sakazakii in baby foods. They have
been isolated from various infant foods including;
powdered infant formula (PIF), herbs and cereals
(Sani et al., 2014; Parra et al., 2015 and Li et al.,
2016).

Due to immature immune system of infants,
researcher have tried to prevent contamination of
baby foods with C. sakazakii by irradiation (Osaili et
al., 2007), adding probiotic bacteria (Osaili et al.,
2008) and control it, if exist, in infant foods by plant
essential oil (Al-Nabulsi et al., 2015). Few attempts
have been carried out to investigate the inhibition
effects of bovine lactoferrin on the growth of this
pathogen. Therefore, the objective of the current
study was to isolate and purify lactoferrin from
bovine colostrum and to investigate its inhibitory
effects on the growth of C. sakazakii isolated from
IFMP.
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MATERIALS AND METHODS

Isolation and Purification of bovine Lactoferrin
(bLF)

Bovine colostrum samples were collected within the
first day after cow parturition from South Valley
University dairy farm. Isolation of bLF was done as
described by (Yoshida et al., 2000). Lactoferrin was
purified by carboxymethyl Sephadex-C50
chromatography (FPLC, Bio-RAD, USA). The stock
solution of bLF was prepared with sterile distilled
water to give a final concentration of 10 mg/ml and
filter sterilized using 0.22 pm membrane filters. After
filtration, the absorbance was monitored by
ultraviolet absorption at 280 nm and the concentration
of bLF was calculated as recommended by (Yoshida
et al., 1999). The final concentration of bLF solutions
was adjusted to 1, 2, 5 and 10 mg/ml. The purity of
bLF was compared with lactoferrin standard (Sigma-
Aldrich, Beijing, China) using (SDS-PAGE) [sodium
dodecyl sulphate-polyacrylamide gelelectrophoresis]
as described by (Harouna et al., 2015).

Isolation and identification of C. sakasakii
Collection of samples:

A total of 100 powdered infant formula milk (IFMP)
(Recommended for infants from birth to 1 year old),
were collected from different localities in Qena city
then transferred to the laboratory to be examined. The
samples were prepared according to FDA (2002) for
C. sakazakii detection isolation.

IFMP were pre-enriched by reconstitution in
sterilized, distilled water (10g sample/90 ml sterile
distalled water) and incubated at 36°C for 24 h, 1 ml
of the pre-enrichment culture was inoculated into 9
ml of the Enterobacteriaceae Enrichment Broth
(EEB), which was then incubated for 24h at 36°C. 10
pl of the incubated broth was then streaked on the
surface of chromogenic media (HiCrome
Enterobacter sakazakiiagar) (Oxoid M1577). Suspect
blue-green colonies were observed after incubation at
36°C for 24h. Further identification of the isolated C.
sakasakii was done according to FDA (2002) and
Iversen et al. (2008).

C. sakasakii culture preparation (Harouna et al.,
2015)

C. sakasakii isolated from IFMP in this study was
kept in (EEB) then incubated for 24h at 36°C. One ml
of the inoculated EEB was added to 9 ml of 1%
peptone water and decimal dilutions in 1% peptone
water were used to yield a suspension of 10 CFU/ml
for antibacterial activity assays.

Antibacterial activity assay (CLSI, 2011)
Antibacterial activity of bLF was done by disc
diffusion method using Mueller—Hinton agar (Oxoid)
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according to the recommendation of the Clinical
Laboratory Standards Institute (CLSI, 2011). bLF
discs were prepared according to Barry (1976) in
which empty sterilized discs (What man no. 6 mm
diameter) were impregnated with 50 pL per disc with
different bLF concentrations (1, 2, 5 and 10 mg/ml).
The discs were placed on and swabbed over the
surface of the plates that inoculated with 50 pl of the
previously prepared inoculum (10*CFU/mI) then,
were incubated for 24 h at 36°C. The susceptibility of
C. sakasakii was determined by measuring the zone
of growth inhibition around the discs. Inhibition of
bacterial growth in the plates containing tested bLF
was judged by comparison with growth in blank
control plates without bLF discs (Harouna et al.,
2015).

DISCUSSION

Lactoferrin from bovine colostrum has become
increasingly important because of its diverse range of
biological activities, such as anti-infective activities
toward a broad spectrum of species. Therefore it was
important to isolate and purify lactoferrin from
bovine colostrum. The purity of bLF in this study was
checked by SDS-PAGE, which showed a single band
corresponding to a protein of about 80 KDa and the
purification efficiency was about 90% (photo 1).
Moradian (2014) and Harouna et al. (2015) obtained
the same purity. A higher purity of 91.3 % was
recorded by Yafei et al. (2011) using SPEC 70 SLS
cation exchange resin. Lower bLF purity of 87% by
SP Sepharose Big Bead ion exchange column was
obtained by Kong et al., (2012). However the same
authors recorded a purity estimated to be >95% using
SDS-PAGE. From the above mentioned results it
could be concluded that the stated method result in
isolation of highly pure bLF indicating simple, low-
cost and efficient method on preparation of bLF
without loss its bioactivity, as compared with other
previous methods of purification of lactoferrin.

Regarding the Incidence of C. sakazakii in IFMP, it
was found that 21% of the total (100) IFMP samples
examined were contaminated with C. sakazakii
(Table 1) higher results of 24% and 23% were
detected by EI-Gamal et al. (2013) and Li et al.
(2016), respectively as they use the same isolation
media (HiCrome Enterobacter sakazakii agar) and
using the FDA enrichment procedure.

The current results were higher than the previous
studies by Iversen and Forsythe (2004), they isolated
C. sakazakii from 2.4% out of 82 analyzed samples of
IFMP. Oonaka et al. (2010); Shetty et al. (2011); Fu
et al. (2011) could detect C. sakazakii in 6.6%
(9/149), 5.4% (11/202) and 3.9% (3/77) IFMP
samples, respectively. However, Sani and Yi (2011)
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and Putthana et al. (2012) did not detect any positive
samples in 390, 30 and 7 IFMP evaluated,
respectively. The other C. species was not detected in
the examined IFMP samples.

According to the current and previous studies, there
was a direct relationship between IFMP and C.
sakazakii, despite the fact that formulas are exposed
to heat treatment during processing. That means post-
pasteurization contamination of IFMP with C. species
may occur via the addition of dry ingredients (as
vitamins and minerals) or during packaging.
However, the prevalence of the organism following
the drying and survival in powdered foods for a long
time may be partially due to the organism’s ability to
resist desiccation and osmotic stress (Arku, 2008).
Therefore, hygienic measures and practices must be
applied during the manufacture of formula to
minimize entry of contaminants into the process.

Antibacterial activity is a biological function
attributed to Lf (Farnaud and Evans, 2003). The
mechanisms that account for the antibacterial
properties have been reported to be iron dependent
and iron independent (Orsi, 2004); the latter implies
direct interaction of Lf with the bacterial cell surface
(Brandenburg et al., 2001).

Regarding the antibacterial effect of bLf at different
concentrations (1, 2, 5 and 10 mg/ml) on C. sakazakii

RESULTS

growth, the results indicated that bLF at concentration
of 1mg/ml had the least inhibitory effect whereas
maximum inhibitory effect was recorded for 10
mg/ml against C. sakazakii (Table 2). These findings
are in parallel to those reported by Wakabayashi et al.
(2008), who found that Apo-LF at 0.5 mg/ml weakly
suppressed the growth of C. sakazakii and Apo-LF at
2 to 8 mg/ml completely inhibited its growth. As well
Maria et al. (2014) stated that bLF at a concentration
of 10 mg/ml, inhibit adherence of C. sakazakii to
intestinal epithelium.

It was noted that bLF at concentration of 2mg/ml was
difficult to draw clear-cut conclusions about
inhibition versus growth of the tested C. sakazakii
(Table 2). This was contrary to the results of
Moradian et al. (2014), they concluded that bLF
above 1 mg/ml inhibited the bacterial growth
especially for gram negative bacteria.

Bovine LF has been used as a supplement to some
infant formulas (Wakabayashi et al., 2006). Bovine
LF heated at 80°C showed similar anti-Enterobacter
activity to non heated bLF at above 1 mg/ml. This
observation suggests that bLF in the powdered infant
formula may retain its antibacterial activity to some
extent after reconstitution with hot water. In
conclusion, bovine LF may have potential usefulness
for the prevention of infection by C. sakazakii in
foods such as infant formula.

Table 1: Incidence of C. sakazakii in powder infant formula milk (IFMP).

Type of sample

No. of analyzed samples

Positive samples

No. %

IFMP

100 21 21

Table 2: The inhibitory effect of different bLF concentrations on growth of C. sakasakii.

Concentration of bLF

Diameters of inhibition zone (mm)

C. sakasakii growth

Img/ml 0 +

2mg/ml 3 +/—

5mg/ml 6.8 -

10mg/ml 17 -
growth (+) no growth (—)
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Lan LS: Lactoferrin Standard,

Photo 1: Bovine Lactoferrin (bLF) by SDS-PAGE

53 kD

76

116

Lan L: Laddar (kDa) Molecular weight markers, transferrin (76 kDa),

Lan 1-3: bLF positive samples,
Lan 4-6: bLF negative samples.

REFERENCES

Al-Nabulsi, A.A.; Osaili, T.M.; Al-Holy, M.A;
Shaker, R.R.; Ayyash, M.M. and Olaimat, A.N.
(2015): Inactivation of C. sakazakii in
reconstituted infant milk formula by plant
essential oils Journal of Applied Botany and
Food Quality 88: 97-101.

Arku, B.N.; FoxMullane, E.; Fanning S.A. and
Jordan, K. (2008): E. sakazakii survives spray
drying. Inter. J. Dairy Techn., 61:102-108.

Barry, A.L. (1976): The antimicrobic susceptibility
test: principles and practices. Lea and Febiger,
Philadelphia.

Brandenburg, K.; Ju'rgens, G.; Mu“ller, M.; Fukuoka,
Biophysical
characterization of lipopolysaccharide and lipid
A inactivation by lactoferrin. Biol. Chem., 382:

S. and Koch, M.H. (2001):

1215-1225.
Clinical Laboratory Standards Institute [CLSI]
(2011): Performance Standards for

Antimicrobial Susceptibility Testing. Twenty-
First International Supplement MZ100-S-21.
Wayne, PA: CLSI, 2011.

El-Gamal, M.; Dairouty, R.K.; Okada, A.; Salah, S.
and El-Shamy, S. (2013): Incidence
andinterrelation of Cronobacter sakazakii and
other foodborne bacteria in some milk
products and infant formula milks in Cairo and
Giza area. World Appl. Sci. J., 26 (9): 1129-
1141,

Farnaud, S. and Evans, R.W. (2003): Lactoferrin-a
multifunctional protein with antimicrobial
properties. Molecular Immunology, 40, 395-
405.

Food and Drug Administratio (FDA) (2002):
Isolation and enumeration of E. sakazakii from

rehydrated  powdered infant  formula.
http://www.cfsan.fda.gov  /comm/mmesakaz.
html.

76

Fu, S.; Gao, J.; Liu, Y. and Chen, H. (2011): Isolation
of Cronobacter spp. isolates from infant
formulas and their survival in the production
process of infant formula. Czech J. Food Sci.,
29(4): 391-399.

Harouna, S.; Carramifiana, J.; Navarro, F.; Pérez,
M.D.; Calvo, M. and Sanchez, L. (2015):
Antibacterial ~ activity of bovine milk
lactoferrin  on the emerging foodborne
pathogen C. sakazakii: effect of media and
heat treatment. Food control, 47: 520-525.

Healy, B.1.; Cooney, S.; O'Brien, S.; lversen, C,;
Whyte, P.; Nally, J.; Callanan, J.J. and
Fanning, S. (2010):Cronobacter (E. sakazakii):
An  opportunistic  foodborne  pathogen.
Foodborne Pathogens and Disease, 7:339-350.

Iversen, C. and Forsythe, S. (2004): Isolation of E.
sakazakii and other Enterobacteriaceae from
powdered infant formula milk and related
products. Food Microbiology, 21: 771-777.

Iversen, C.; Mullane, N.; McCardell, B.; Tall, B.;
Lehner, A.; Fanning, S.; Stephan, R. and
Joosten, H. (2008): Cronobactergen. nov.,
anew genus to accommodate the biogroups of
Enterobacter sakazakii, and proposal of
Cronobacter sakazakii gen. nov., comb. nov.,
Cronobacter malonaticus sp. nov.,
Cronobacter turicensis sp. nov., Cronobacter
muytjensii sp. nov., Cronobacter dublinensis
sp. nov., Cronobacter genomospecies 1, and
ofthree subspecies, Cronobacter dublinensis
subsp. Dublinensis subsp. nov., Cronobacter
dublinensis subsp. Lausannensis subsp. nov.
and Cronobacter dublinensis subsp. Lactaridi
subsp. nov. 1.J.S.E.M., 58 (6): 1442-1447.

Kong, Y.; Liu, M.; Di, W.; Wang, C.; Du, M. and
Zhang, L. (2012): Purification and
Identification of Lactoferrin from Bovine
Milk, Advanced Materials Research Vols.
524-527: 2290-2293.



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 63 No. 152 January 2017, 73-77

Li, Z.; Wupeng, G.; Keting, L.; Jing, G.; Yifan, Z.;
Qiang, Z.; Rong, L.; Limin, C.; Yi, L;
Qianning, W.; Meili, X.; Xiaodong, X.; Xin, W.
and Baowei, Y. (2016): Prevalence and
Characterization of C. sakazakii in Retail
Milk- Based Infant and Baby Foods in
Shaanxi. China Foodborne Pathogens and
Disease, 13:221-227.

Maria, I.; Quintero, V.; Anja, W. and Robert, H.
(2104): Adherence Inhibition of Cronobacter
sakazakii to Intestinal Epithelial Cells by
Lactoferrin. Curr. Microbiol. 69 (4): 574-579.

Moradian, F. (2014): Llactoferrin, Isolation,
Purification and Antimicrobial Effects J.
Medical and Bioengin. 3 (3): 203-206.

Oonaka, K.; Furuhata, K.; Hara, M. and Fukuyama,
M. (2010): Powder infant formula milk
contaminated with E. sakazakii. Japanese J.
Infect. Dis., 63: 103-107.

Orsi, N. (2004): The antimicrobial
lactoferrin:
Biometals 17:189-196.

Osaili, T.M.; Shaker, R.R.; Abu Al-Hasan, A.S.;
Ayyash, M.M. and Martin, E.M. (2007):
Inactivation of E. sakazakii in infant milk
formula by gamma irradiation: Determination
of D10-value. J. Food Sci., 72: 85-88.

Osaili, T.M.; Shaker, R.R.; Ayyash, M.M. and Holley,
R.A. (2008): Effect of Bifidobacteriumbreve
on the growth of E. sakazakii in rehydrated
infant milk formula. J. Food Saf., 28:34-46.

Pagotto, F.J.; Nazarowec-White, M.; Bidawid, S. and
Farber, J.M. (2003): E. sakazakii: Infectivity
and enterotoxin production in vitro and in
vivo. J. Food Prot., 66: 370-375.

Parra, F.J.; Oliveras, V.L.; Rodriguez, F.A.; Riffo,
S.F.; Jackson, E. and Forsythe, S. (2015):
Risk of C. sakazakii contamination in
powdered milk for infant nutrition. Revista
Chilena de Nutricion 42:83-89.

Putthana, V.; Marounek, M.; Brenova, N.; Mrazek, J.
and Lukesova, D. (2012): Isolation and
characterization of Cronobacter spp. from
environmental and food resources. J.Agri.
Tropics and Subtropics, 45(1): 5-11.

activity of
current status and perspectives.

Sani, N.A.; and Yi, L.Y. (2011): Enterobacter iaceae,
Cronobacter (Enterobacter) sakazakii and
microbial population in infant formula
products in the Malaysian market. Sains
Malaysiana, 40(4): 345-351.

Sani, N.A.; Ghassem, M.; Babji, A.S.; Kupusamy,
U.P. and Jaafar, N. (2014): Incidence of C.
sakazakii in powdered infant formula milk
available in Malaysia. Sains Malaysiana, 43:
1855-1863.

Shetty, V.H.; Parameshwaran, S. and Angadi, S.A.
(2011): Isolation and Enumeraton of
E.sakazakii from powdered infant milk
formula. Bombay Hospital J., 53: 326-328.

Wakabayashi, H.; KOJI, Y. and MITSUNORI, T.
(2008):  Inhibitory Effects of Bovine
Lactoferrin and Lactoferricin B on E.
sakazakii. Biocontrol Sci., 13: (1) 29-32.

Wakabayashi, H.; Yamauchi, K. andTakase, M.
(2006): Lactoferrin research, technology and
applications. Int. Dairy J., 16: 1241-1251.

Yafei, L.; Xuewan, W.; Mianbin, W. andWanping, Z.
(2011): Simultaneous lIsolation of Lactoferrin
and Lactoperoxidase from Bovine Colostrum
by SPEC 70 SLS Cation Exchange Resin, Int.
J. Environ. Res. Public Health, 8: 3764-3776.

Ye, Y.; Li, H.; Wu, Q.; Zhang, J. and Lu, Y. (2014):

The Cronobacter sp. in milk and dairy

products: Detection and typing. Int. J. Dairy

Technol., 67:167-175.

M.A.; Verdonck, F.; Broeck, W.V.D;
Goddeerins, B.M. and Cox, E. (2010):
Lactoferrin inhibits E. coli O157: H7 growth
and attachment to intestinal epithelial cells.
Vet. Med., 55: 359-368.

Yoshida, S.; Wei, Z.; Shinmura, Y. and Fukunaga, N.
(1999): Separation of lactoferrin-a and -b from
bovine colostrum. Page 61 in Abstracts 4th Int.
Conf. on Lactoferrin. Hokkaido Univ.,
Sapporo, Japan.

Yoshida, S.; Wei, Z.; Shinmura, Y. and Fukunaga, N.
(2000): Separation of lactoferrin-a and —b
from Bovine colostrums. J. Dairy Sci., 83:
2211-2215.

Yekta,

gl Gula Bgaane (3o Al g rall (SISt Sk g3 S aia b S aial) s
aatf 18 Pla Loy S

Email: karima_galal2004@yahoo.com

Assiut University web-site: www.aun.edu.eg

Gk oo JEH A SIS yiSLisis S s jSae aa g jSaall slaall 0 5 SISO LSS (e Gial) o3 4l jall 038
Jdie &5 %9 Claw aggnll LS s gile g SISl alasinly o adl Ll e o ) o 58 SO A g J e &5 A Y)
UAM\QM‘&JJ:J\?Swwuwu\jﬁa&%uﬂ\eﬁj‘&éwwm Yoo wé\)&h&)ﬁbﬁjﬂ\
S Gl (dlaa) e %Y Ay s pSaall a5 385 ailaasS sl ol s Sl e il 5 (SISl yiSlisi g ST
R 0o SO o ) i€ ¢SSl Sl 8 e sl G SOU Ll 8l A )3 5 By Lgeand
O S gl sl Uaadi JBYY OIS dofgde ) 58 i Lai g Saall e Ladial) GAUN (g 8 S) edal do/gde Ve S
Js) s gainal L) IS L) ang 13 e )l JUlaY) s (G el (ST ISL yiSL 53 5 S Janfill e (5 8l (0 b 53S3U)

ol JEBY) Culs (5 saia

77


mailto:karima_galal2004@yahoo.com
http://www.aun.edu.eg/

