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Abstract

Lactobacillus acidophilus n.v. Er2 317/402 strain Narine is known as a health beneficial functional probiotic culture and supplemen-
tary source of nutrition for newborns. In this study, in vitro antimicrobial activities of Narine-lyophilized (Narine-L), Narine-heat treated
(Narine-HT), and Narine crude cell-free extract (Narine-CCFE) were evaluated against pathogen Cronobacter sakazakii (C. sakazakiri)
in agar as well as in a reconstituted powdered infant formula (RPIF) model. Inhibition zones of 30 mg Narine-L and Narine-HT were
both 150 U, whereas inhibition zone of 30 mg Narine-CCFE was 200 U. Narine-L (1 g) and Narine-HT (1 g) were added to 10 mL of
artificially contaminated RPIF, respectively, containing 100 pL of C. sakazakii (1.62x10® colony forming unit (CFU)/mL). After treat-
ment with Narine-L and Narine-HT for 3 h and 6 h at 37°C, less than <107 CFU/mL of C. sakazakii was detected in RPIF. Without
Narine-L and Narine-HT treatment, the population of C. sakazakii increased up to 5.36x10° CFU/mL after 6 h. Examination by trans-
mission electron microscopy confirmed C. sakazakii cells were damaged by Narine-CCFE. Thus, employing Narine culture as a natural

and safe bio-preservative may protect infants from C. sakazakii.
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Introduction

Probiotics are live, non-pathogenic microorganisms
consumed by target species, which may be humans, ani-
mals, or avian species (Huys et al., 2013). Among probi-
otics, lactic acid bacteria (LAB) are of particular interest
to the food industry, since these bacteria have generally
regarded as safe (GRAS) status (Altuntas, 2013). Through
clinical, animal, and cellular experiments, researchers
have shown that probiotic preparations consisting of dead
cells and their metabolites can also be biological response
modifiers (Taverniti and Guglielmetti, 2011). This para-
dox of probiotics has been concisely reviewed by Adams
(2010) and Taverniti and Guglielmetti (2011), who rep-
orted probiotics as paraprobiotics or ghost probiotics. The
impact of probiotics can be attributed to their molecular
components, and their effects can be mediated by either
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live or dead cells. Nevertheless, scientific evidence imp-
lies that inactivated microbes and their metabolites posi-
tively affect human and animal health (Adams 2010; Hor
and Liong, 2014; Kataria ef al., 2009). Accordingly, prod-
ucts designed with heat-killed strain Lactobacillus aci-
dophilus (L. acidophilus) from human origin Lactéol strain
(Coconnier et al., 1997) have been imported and mar-
keted in China since early 1998 (PUMC Pharmaceutical
Co., Ltd). Thus, the therapeutic effects of genus Lacto-
baccillus are well known, and their actions against infec-
tions and bacterial pathogens in different types of food
products are in high demand as well (Altuntas, 2013).
Currently, a few cultures have already been introduced
to the market as starters or bio-protective cultures with
the purpose of ensuring microbiological safety (Aymerich
et al., 2008). For example, a mixed culture of Pediococ-
cus acidilactici and Lactobacillus curvatus in Bactoferm
F-Lc has been patented by Christian Hansen as an anti-
listerial culture in fermented sausages (Aymerich et al.,
2008). Those cultures produce pediocin and sakacin A,
respectively. Lactobacillus sakei B-2 and Leuconostoc
carnosum (Lc. carnosum) 4010 (B-SF-43) are also used
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as bio-protective cultures for vacuum-packed and meat
products (Aymerich et al., 2008). Pathogenic spoilage
bacteria such as Listeria monocytogenes, Salmonella spe-
cies, Escherichia coli O157:H7, Staphylococcus aureus,
Leuconostoc mesenteroides, Lc. carnosum, Brochothrix
thermosphacta, and other pathogens were shown to be
isolated from ready-to-eat meat products and suppressed
using LAB (Aymerich et al., 2008). A couple of reports
have shown that Bifidobacterium breve, L. acidophilus,
and Lactobacillus casei (L. casei) reduce viability of the
infection pathogen Cronobacter sakazakii (C. sakazakii),
formerly FEnterobacter sakazakii, which is present in
commercially produced infant formula (Iversen and For-
sythe, 2004).

Cronobacter species have been detected as causative
agents of infection in both adults and infants. It was
reported that contamination levels of C. sakazakii are
usually <1.0 colony forming unit (CFU)/100 g in pow-
dered infant formula, as determined by the most probable
number method (Kornacki, 2014). Contamination inci-
dence in international surveys has been shown to range
from 2.4 to 14% (Iversen and Forsythe, 2004; Muytjens
et al., 1988), whereas United States Food and Drug Adm-
inistration field surveys reported 6.6% incidence (Zink,
2003). The presence of Cronobacter in manufacturing
plants is presumably due to post-processing, e.g., during
dry-mixing of the finished product, filling, and packaging
(Muytjens et al., 1988). It has been reported that control
of Cronobacter species is very difficult in a processing
environment due to the widespread nature of the organ-
ism. Common ingredients such as lactose, whey and soy
protein concentrates, vegetable oil, vitamin and minerals,
corn syrup, and corn maltodextrin are consumed as pot-
ential nutrients of Cronobacter species (Kornacki, 2014).
Scientific investigation of the physiology of this patho-
genic bacterium has confirmed the biofilm-forming abil-
ity and high resistance of Cromnobacter species against
antibacterial agents. There have been many reports on
inactivation of Cronobacter species using trans-cinnamal-
dehyde (Amalaradjou and Venkitanarayanan, 2011), lac-
tic acid, copper (II), monolaurin, and antimicrobial pepti-
des such as caseicin A and caseicin B from L. acidophilus
DPC 6026 (Amalaradjou and Venkitanarayanan, 2011;
Hayes et al., 2009). However, these natural compounds
are not applicable for application in infant milk formula
due to their strong flavors. Even though propionic acid
and acetic acid have GRAS status, they are currently not
included in Codex standards for infant formula (Kent et
al., 2015).

The purpose of this research was to identify natural and
safe bio-preservatives that are industrially operable and
safe for infants. Fermented milk with L. acidophilus n.v.
Er2 317/402 strain Narine is a supplementary source of
nutrition for newborns and used as an alternative to baby
formula under the trade name Narine. Narine baby food
has a time proven track record as a safe baby nutrition
formulation (Mkrtchyan et al., 2010). L. acidophilus n.v.
Er2 317/402 strain Narine is known as a health beneficial
functional probiotic culture. The strain Narine suppresses
pathogenic microorganisms, as classified by the World
Health Organization (Mkrtchyan et al., 2010). Therefore,
this study was performed to assess if Narine could be
employed as a food preservative by inhibiting growth of
C. sakazakii.

Materials and Methods

Strains and materials

Lyophilized L. acidophilus n.v. Er2 317/402 strain Nar-
ine (Narine-L) originally isolated from feces of newborn
babies was purchased from Atlas R&D Inc. (Cambridge,
Canada) in encapsulated form. To measure the viability of
Narine cells, 100 mg of Narine-L was suspended in 50 mL
of sterilized skim milk. After mixing very gently, the sus-
pension was kept in a refrigerator at 4°C for 24 h to
revive bacterial cells. The suspension was mixed periodi-
cally with specific time intervals of 8-10 h. After 24 h,
the entire 50 mL suspension was sent to Lab Services
Division (Guelph, Canada) for colony counting. Enumer-
ation of L. acidophilus n.v. Er2 317/402 strain Narine was
carried out on an automated TEMPO system (bioMérieux,
France).

C. sakazakii ATCC 29544 was purchased from the Ame-
rican Type Culture Collection (Rockville, USA) and used
as an artificial contaminant microorganism. C. sakazakii
was cultivated overnight in brain heart infusion (BHI)
broth and on violet red bile glucose (VRBG) agar plates
(MB Cell, USA). Yeast extract, peptone, L-cysteine,
Tween-80, and skim milk were purchased from (Difco,
USA). Glucose, phosphotungstic acid, and tetracycline
were purchased from Sigma (USA).

Screening for antimicrobial activity

To determine whether or not the antimicrobial activity
of L. acidophilus n.v. Er2 317/402 strain Narine is due to
its metabolites, cells were subjected to heat-kill treatment.
Narine-L cells were heat-killed at 80°C for 30 min and
named Narine-heat treated (Narine-HT). Further, extracel-
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lular extracts were collected from Narine-HT by sequen-
tial extraction using water, sonication, and centrifugation;
Narine-HT (2 g) was hydrated with 10 mL of sterile
water, vortexed, and crushed in a Restch mill (Haan, Ger-
many) for 1 min. Supernatant was obtained by high speed
centrifugation at 11,000 g for 15 min at 4°C, followed by
filtration through a 0.25 um microfilter (Advantec, Japan)
to remove bacterial cells. The resulting filtrates were lyo-
philized and designated as Narine crude cell-free extract
(Narine-CCFE) for further evaluation.

The agar well diffusion method was used to measure
the antimicrobial activities of Narine-L, Narine-HT, and
Narine-CCFE against C. sakazakii. In brief, overnight
culture of C. sakazakii (1 mL) was mixed with 100 mL of
semi-solid BHI medium containing 0.7% agar, poured as
a second layer, and allowed to solidify before cutting
wells as previously described by Awaisheh ef al. (2013).
Each 30 mg of Narine-L, Narine-HT, and Narine-CCFE
was applied to 5 mm wells and then incubated at 30°C
overnight. Inhibition zone around each well was mea-
sured and expressed in units (0.1 mm = 1 U). The diame-
ter of the halo was deducted from the diameter of the well
(15 mm = 150 U). Tetracycline (0.01 pg/mL) was used as
a positive control. The test was performed in triplicate
and repeated twice.

Elimination of C. sakazakii by Narine-L and Narine-

HT in infant formula model

Ten grams of commercial infant powdered milk (Maeil
Dairy Industry Co., Korea) was mixed with 90 mL of
sterile distilled water under aseptic conditions to make
reconstituted powdered infant formula (RPIF). Then, 100
uL of C. sakazakii (10 CFU/mL) was subjected to 10
mL of RPIF with 1 g each of Narine-L and Narine-HT. A
negative control was prepared without both Narine-L and
Narine-HT. In a subsequent experiment, samples (1 mL)
were aseptically collected every 0, 3, and 6 h of incuba-
tion at 37°C and serially diluted in 0.1% peptone water
for enumeration of C. sakazakii. From the appropriate
dilution, 100 pL of each sample was spread onto the sur-
face of a VRBG agar plate to determine the number of
viable C. sakazakii.

Transmission electron microscopy (TEM)

To observe the morphology of C. sakazakii cells after
treatment with Narine-CCFE, C. sakazakii cells were sub-
jected to TEM according to the method recommended by
Coconnier ef al. (1997). After negative staining with 2%
phosphotungstic acid (w/v), cell morphology was exam-

ined using TEM (H-7600; Hitachi, Japan) at 80 kV.

Results and Discussion

Antimicrobial activity of Narine by agar well diffu-

sion method

The antimicrobial activity of Narine against C. saka-
zakii (10 CFU/mL) was expressed as the diameter (U) of
the inhibition zone around Narine-L, Narine-HT, and
Narine-CCFE. The zone ranged from 150 to 200 U (Fig.
1). The same amounts (30 mg) of Narine-L, Narine-HT,
and Narine-CCFE were tested against C. sakazakii, and
the highest inhibitory activities (200 U) were observed
with Narine-CCFE, which is a soluble caramelized mate-
rial. The component(s) in Narine-CCFE providing anti-
microbial activity was acidic or required an acidic envir-
onment to ideally develop antimicrobial activities. Treated
Narine-CCFE with phosphate buffer at neutral pH did not
exhibit any antimicrobial activity (data not shown). In
recent studies, it was demonstrated that a mixture of cap-
rylic acid, citric acid, and vanillin had a destructive effect
on a number of Cronobacter strains (Choi et al., 2013).
The authors specified that there was significant synergis-
tic activity of the antimicrobials against the pathogens
(Choi et al., 2013). In this respect, it seems that the acid
components in Narine-CCFE are potent antimicrobials,
possibly due to the greater proportion of acid molecules
in undissociated form, which rapidly enter Cronobacter
cells and increase levels of cytoplasmic acidification in
bacteria.

Fig. 1. Antimicrobial activity of Narine-lyophilized, Narine-
heat treated, and Narine crude cell-free extract. A:
Narine-lyophilized; B: Narine-heat treated; C: Narine
crude cell-free extract; D: Tetracycline as a positive con-
trol (0.01 png/mL).
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Table 1. Average number of Cronobacter sakazakii cells under
treatment with Narine in powdered infant formula
(Unit: CFU/mL)

Sample Oh 3h 6h
Control ¥ 1.62x10% 3.17x10° 5.36x10°

Narine-lyophilized®  1.62x10® <10’ <10’

Narine-heat treated®  1.62x108 <10’ <10’

“Reconstituted powdered infant formula artificially contaminated
with Cronobacter sakazakii. Reconstituted powdered infant for-
mula artificially contaminated with Cronobacter sakazakii under
treatment with Narine-lyophilized. “Reconstituted powdered in-
fant formula artificially contaminated with Cronobacter sakazakii
under treatment with Narine-heat treated.

Inactivation of C. sakazakii in infant formula model

using Narine-L and Narine-HT

Furthermore, Narine-L and Narine-HT were used in an
infant formula model to reduce 1.62x10%-5.36x10° CFU/
mL after 3 and 6 h (Table 1). The result of enumeration
for C. sakazakii were counted on VRBG agar plate before
and after treatment with Narine-L and Narine-HT, respec-
tively. After treatment with Narine-L. and Narine-HT for
3 hand 6 h at 37°C, less than < 10’ CFU/mL of C. saka-
zakii were detected in RPIF. On the other hand, without
treatment of Narine-L. and Narine-HT, the population of
C. sakazakii increased up to 5.36x10° after 6 h.

TEM analysis

To further characterize the antimicrobial effect of Narine-
CCFE, we used TEM (Eltson and Zuber, 2006) to exam-
ine C. sakazakii cells before and after treatment with
Narine-CCFE (Fig. 2). Zoomed micrograph shows live
cells of C. sakazakii, which are transparent (Fig. 2A),
whereas after less than 3 h of treatment with 30 mg of
Narine-CCFE, there are detectable examples of altered
cell membrane morphology (Fig. 2B). A similar observa-
tion was made for the spent culture supernatant of human
L. acidophilus strain LB (LB-spent culture supernatant),
producing antimicrobial activity against a wide range of
gram-negative and gram-positive pathogens (Canducci et
al., 2000; Coconnieret et al., 1997). The TEM images cor-
roborate the previous studies performed by Coconnieret
et al. (1997), where TEM images showed a damaged cell
membrane morphology. Close examination of both ima-
ges, Salmonella Typhimurium SL 1344 treated with LB-
spent culture supernatant and our C. sakazakii treated with
Narine-CCFE, showed the same altered cell envelope.
Feliciano et al. (2012) reported that inactivated bacterial
cells showed a less defined envelope along with a rugged
cell wall, suggesting that inactivated cells appeared due to

Fig. 2. Transmission electron microscopy of Cronobacter sak-
azakii. A: Non-treated Cronobacter sakazakii; B: Narine-
CCFE treated Cronobacter sakazakii; The scale bar rep-
resents 500 nm.

reduced integrity of the cell envelope and aggregation of
cytoplasmic components.

In a previous work, L. acidophilus n.v. Er2 317/402
strain Narine, grown on chemically-defined synthetic me-
dium, was reported to have pathogen-killing effects due
to acidocin LCHV (Mkrtchyan er al., 2010). However,
we were unable to detect the same acidocin LCHV when
Narine was grown in industrially available skim milk (data
not shown). Nevertheless, we provide evidence that this
inhibition occurred when the pH of Narine-CCFE was
acidic while no growth inhibition occurred when the pH
of Narine-CCFE was neutral. Our findings are in agree-
ment with those reported by Servin (2004), who showed
that antimicrobial activity resulted from an acidic pH,
which functions as a permeabilizer of the outer memb-
rane of gram-negative bacteria and may potentiate the
effects of other antimicrobial substances.

A few studies investigated the direct inhibitory effect of
Lactobacillus on Cronobacter. One study demonstrated
the beneficial effects of human strains of L. casei and L.
acidophilus against C. sakazakii (Awaisheh et al., 2013).
Initially, LAB strains were isolated from infant stool sam-
ples and screened to show bacteriocin production by using
cell-free supernatant against C. sakazakii in RPIF. The
results showed that L. casei and L. acidophilus reduced
C. sakazakii (Awaisheh et al., 2013). In a present work,
human strain L. acidophilus n.v. Er2 317/402 Narine and
its metabolites inhibited C. sakazakii. With regard to Cro-
nobacter, Kim et al. (2015) found that strains Lactobacil-
lus kefiri and Candida kefyr either individually or in com-
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bination with their supernatants significantly reduced
growth of Cronobacter strains in RPIF. However, it is
known that kefir grains are a combination of LAB, acetic
acid bacteria, and yeast, whereas L. acidophilus n.v. Er2
317/402 Narine is a pure culture isolated from newborn
baby feces and is already used in baby food.

Conclusions

This preliminary study demonstrated the antimicrobial
activity of L. acidophilus n.v. Er2 317/402 strain Narine
against C. sakazakii in vitro. Narine-L, Narine-HT, and
Narine-CCFE of 30 mg showed inhibition zones from 150
to 200 U, with the largest inhibition (200 U) induced by
Narine-CCFE. One gram each of Narine-L. and Narine-
HT was added to 10 mL of artificially contaminated RPIF
containing 100 pL of C. sakazakii (1.62x10® CFU/mL),
and the results showed that Narine-L and Narine-HT inhi-
bited 1.62x10%-5.36x10° CFU/mL of C. sakazakii throu-
ghout 6 h at 37°C. TEM analysis confirmed the suscepti-
bility of C. sakazakii by L. acidophilus n.v. Er2 317/402
Narine. The administration of Narine strains in infant milk
formula might promote safety of infant foods. Further
studies are needed to investigate the metabolite compo-
nents responsible for antimicrobial activity.

Acknowledgements

This research was supported by the Basic Science Res-
earch Program through the National Research Founda-
tion, Republic of Korea (NRF), funded by the Ministry of
Education (NRF-2014R1A2A1A11053211).

References

1. Adams, C. A. (2010) The probiotic paradox: Live and dead
cells are biological response modifiers. Nutr Res. Rev. 23,
37-46.

2. Altuntas, E. G. (2013) Bacteriocins: A natural way to combat
with pathogens. In A. Mendez-Vilas (Eds.), Microbial patho-
gens and strategies for combating them: science, technology
and education (pp. 1005-1015). Formatex, Badajoz, Spain.

3. Amalaradjou, M. A. and Venkitanarayanan, K. (2011) Effect
of trans-cinnamaldehyde on inhibition and inactivation of
Cronobacter sakazakii biofilm on abiotic surfaces. J. Food
Prot. 74,200-208.

4. Awaisheh, S. S., Al-Nabulsi, A. A., Osaili, T. M., Ibrahim, S.,
and Holley, R. (2013) Inhibition of Cronobacter sakazakii by
heat labile bacteriocins produced by probiotic LAB isolated
from healthy infants. J. Food Sci. 78, 1416-1420.

5. Aymerich, T., Picouet, P. A., and Monfort, J. M. (2008) De-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

contamination technologies for meat products. Meat Sci. 78,
114-129.

. Canducci, F., Armuzzi, A., Cremonini, F., Cammarota G., Bar-

tolozzi, F., Pola, P., Gasbarrini, G., and Gasbarrini A. (2000)
A lyophilized and inactivated culture of Latobacillus acido-
philus increases Helicobacter pylori eradication rates. Ali-
ment Pharm. Therap. 14, 1625-1629.

. Choi, M., Kim, S., Lee, N., and Rhee, M. (2013) New decon-

tamination method based on caprylic acid in combination with
citric acid or vanillin for eliminating Cronobacter sakazakii
and Salmonella enterica serovar typhimurium in reconstituted
infant formula. Int. J. Food Microbiol. 166, 499-507.

. Coconnier, M. H., Levin, V., Bernet-Camard, M. F., Hudault,

S., and Servin, A. L. (1997) Antibacterial effect of the adher-
ing human Lactobacillus acidophilus strain LB. Antimicrob.
Agents Chemother. 41, 1046-1052.

. Eltson, M. and Zuber, B. (2006) Transmission electron micro-

scopy of the bacterial nucleoid. J. Struct. Biol. 156, 246-254.
Feliciano, L., Lee J., and Pascall, M. A. (2012) Transmission
on electron analysis showing structural changes to bacterial
cells treated with electrolyzed water and an acidic sanitizer.
J. Food Sci. 77, 182-187.

Hayes, M., Barrett, E., Ross, R. P., Fitzgerald, G. F., Hill. C.,
and Stanton, C. (2009) Evaluation of an antimicrobial ingre-
dient prepared from a Lactobacillus acidophilus casein fer-
mentation against Enterobacter sakazakii. J. Food Prot. 72,
340-346.

Hor, Y. Y. and Liong, M. T. (2014) Use of extracellular ext-
racts of lactic acid bacteria and bifidobacteria for the inhibi-
tion of dermatological pathogen Staphylococcus aureus. Der-
matol. Sinica 32, 141-147.

Huys, G., Botteldom, N., Delvigne, F., Vuyst, L. D. Heynd-
rickx, M., Pot, B., and Daube, G. (2013) Microbial character-
ization of probiotics-advisory report of the working group
“8651 Probiotics” of the Belgian Superior Health Council
(SHC). Mol. Nutr. Food Res. 57, 1479-1504.

Iversen, C. and Forsythe, S. (2004) Risk profile of Enterob-
acter sakazakii, an emergent pathogen associated with infant
formula. Trends Food Sci. Tech. 14, 443-454.

Kataria, J., Li, N., Wynn, J. L., and Neu, J. (2009) Probiotic
microbes: Do they need to be alive to be beneficial? Nutr: Rev.
67, 546-550.

Kent, R. M., Fitzgerald, F.G,, Hill, C., Stanton, C., and Ross,
R. P. (2015) Novel approaches to improve the intrinsic micro-
biological safety of powdered infant milk formula. Nutrients
7, 1217-1244.

Kim, D. H., Chon, J. W,, Kang, I. B., Kim, H., Kim, H. S.,
Song, K. Y., and Seo, K. H. (2015) Growth inhibition of Cro-
nobacter sakazakii in experimentally contaminated powdered
infant formula by kefir supernatant. J. Food Prot. 78, 1651-
1655.

Kornacki, J. L. (2014) An environmental sampling approach
to product risk assessment. Food Safety Magazine 2, 14-19.

Mkrtchyan, H., Gibbons, S., Heidelberger, S., Zloh, M., and
Limaki, K. H. (2010) Purification, characterisation and iden-
tification of acidocin LCHYV, an antimicrobial peptide produ-



640

Korean J. Food Sci. An., Vol. 36, No. 5 (2016)

20.

21.

ced by Lactobacillus acidophilus n.v. Er 317/402 strain Nar-
ine. Int. J. Antimicrob. Agents 35, 255-260.

Muytjens, H. 1., Roelofs-Willemse, H., and Jaspar, G. H. (1988)
Quality of powdered substitutes for breast milk with regard
to members of the family Enterobacteriaceae. J. Clin. Micro-
biol. 26, 743-746.

Servin A. L. (2004) Antagonistic activities of lactobacilli and
bifidobacteria against microbial pathogens. FEMS Micro-
biol. Rev. 28, 405-440.

22.

23.

Taverniti, V. and Guglielmetti, S. (2011) The immunomodu-
latory properties of probiotic microorganisms beyond their
viability (ghost probiotics: proposal of paraprobiotic concept).
Genes Nutr. 6,261-274.

Zink, D. (2003) FDA field survey of powdered formula man-
ufacturing. FDA Food Advisory Committee. Contaminants
and natural toxicants subcommittee meeting: Enterobacter
sakazakii contamination in powdered infant formula. Wash-
ington, DC, 18-19 March. 2003.



