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SUMMARY

A total of two hundred and fifty random samples of infant's milk powder
for babies after birth (70 samples), milk-based cereal weaning food (90
samples) and dried milk powder (90 samples) were purchased from
different shops and pharmacies in Assiut city and villages around the
city. The samples were still valid for consumption as shelf life is at least
to be more than one year from production time and they were transferred
to the laboratory in their packages to be examined for prevalence of
Enterobacter sakazakii which could be isolated from 6/90 milk-based
cereal baby food samples and from 1/90 dried milk powder samples,
however, failed to be detected in infant milk formulae which considered
as non sterile products. The survival and growth of E. sakazakii in milk-
based cereal weaning food using different reconstituted liquids (apple
juice and water) stored at different temperatures (room temperature
16 + 2°C and refrigerated temperature 4+1°C) were carried out. The
results revealed that the growth did not occur in cereal reconstituted with
apple juice, regardless of storage temperature, or in cereal reconstituted
with water stored at 4+1°C. Upon reaching maximum populations of 4
log10 cfu/ g, in some instances populations decreased to nondetectable
values during subsequent storage which was concurrent with decrease in
pH values. E. sakazakii initially at very low populations can rapidly
grow in infant cereal reconstituted with water. The public health hazards
of E.sakazakii and the suggestive measures for improving the quality of
infants' food were discussed.

Key words: E.sakazakii, Incidence, Survival, Infants milk powder,
Milk-based cereal weaning food, Dried milk powder.

INTRODUCTION

Infants should be exclusively breast fed for the first 6 months of
life and those, who are not, should be provided with a suitable breast
milk substitute. The reconstitution of powdered infant formula (PIF)
should be undertaken by caregivers using good hygienic measures and in
accordance with the product manufacturer's food safety guidelines
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(Drudy et al., 2006). However, consumption of contaminated PIF has
been epidemiologically linked with cases of infection. Contamination
can occur during the manufacturing process or during post manufacture
reconstitution of formula which is not a sterile product (Mullane et al.,
2007). E. sakazakii is an opportunistic pathogen and the etiological agent
in rare but life-threatening cases of meningitis, necrotizing enterocolitis,
and sepsis in infants. Among infants, those at greatest risk are neonates
(<28 days), particularly those born prematurely or of low birth weight
(<2500 g@). It was recorded that infant mortality for E. sakazakii
meningitis is 40-80%, with death often occurring within hours of
infection (Arseni et al., 1987). Although there is no epidemiological
evidence for the amount of an infectious dose for E. sakazakii, it would
seem reasonable to use a detection limit <1 cell in 25 g of infant food
formula, equivalent to that of detection of Salmonellae in milk powder
(Mansfield and Forsythe, 2000).

Moreover, there have been few reports recording E. sakazakii
infection in adults, and it is not usually life threatening as they had
serious underlying diseases, such as malignancies. However, E. sakazakii
is a rare cause of invasive disease when meningitis occurs, severe
neurological complications, including cerebral abscess formation, are
common, and death occurs in 33-80% of cases (Nazarowec-White and
Farber, 1997a and Lai, 2001). The most frequently recorded method of
entry of Enterobacter in patients with bacteremia was ingestion of
contaminated foods or food ingredients like cereals, fruits and
vegetables, legume products, herbs and spices as well as from animal
food sources like milk, cheese, meat and fish and their products both raw
and processed (Weischer and Kolmos, 1992 and Friedemann, 2007). It
was hypothesized that the reservoir for E. sakazakii, in addition to other
coliforms (Klebsiella oxytoca, K. pneumoniae, E. cloacae, and
Citrobacter spp.) may be from primarily environmental and from plant
materials (Mossel and Struijk, 1995).

Many authors could isolate E. sakazakii from infant milk
formulae as Postupa and Aldova (1984); Simmons et al. (1989);
Nazarowec-White and Farber (1997a); Nazarowec-White and Farber
(1997c); Van Acker et al. (2001); MMWR (2002); Leuscher et al.
(2004); Baiguini (2005); Jarvis (2005); Estuningsih et al. (2006); Iversen
and Forsythe (2007); Shaker et al. (2007) and Torres-Chavolla et al.
(2007). Moreover, Restaino et al. (2006), El-Prince et al. (2007) and
Shaker et al. (2007) could isolate E. sakazakii from dried infant foods
samples. Also, the survival and growth of E. sakazakii in infant cereals
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as affected by composition, reconstitution liquid, and storage
temperature were measured by many investigators (Richards et al., 2005,
Gurtler and Beuchat, 2007 and Lin and Beuchat, 2007).

As E. sakazakii was classified as a severe hazard for restricted
populations, causing life-threatening or substantial chronic sequelae or
illness of long duration (ICMSF, 2002), therefore, its incidence in
infants powdered milk-based formulae used before and after weaning
was studied. Also, its survival in cereals using different reconstitution
liquids at various temperatures was investigated.

MATERIALS and METHODS

Collection of samples:

A total of two hundred and fifty random samples of infant's milk
powder for babies after birth (70 samples), milk-based cereal weaning
food and dried milk powder (90 samples each) were purchased from
different shops and pharmacies in Assiut city and villages around the
city. The samples were still valid for consumption as their shelf life is at
least to be more than one year from the production time and they were
transferred to the laboratory in their packages to be examined for the
prevalence of E. sakazakii.

I- Isolation and identification of E. sakazakii (FDA., 2002):

Each sample was aseptically opened and 10 g were weighed and
homogenized in 90 ml of sterile distilled water, shacked by hand until
the powder was uniformly suspended, incubated overnight at 36°C. 10ml
of the incubated sample were transferred to 90 ml of Enterobacteriaceae
enrichment broth (EE) and incubated overnight at 36°C. Loopfuls were
streaked onto violet red bile agar (VRBL) and incubated overnight at
36°C.

Isolation procedures:

From each VRBL plate, all colonies were purified on Tryptone
Soy Agar (TSA). The TSA plates were incubated for 24 to 72 h in
daylight at room temperature (about 25°C). The yellow pigmentation on
TSA is a characteristic feature of E. sakazakii.

Identification of isolates:

Isolates were identified using biochemical tests including Triple
Sugar Iron (TSI), Urease test, Sugar fermentation tests, IMVIiC tests,
catalase test then oxidase test. Oxidase-negative isolates were further
identified using APl 20E biochemical identification test system
(bioMerieux SA, France). APl 20E systems have been used for
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presumptive-positive confirmations of E. sakazakii via biochemical
characteristics (Kandhai et al., 2004 b).

II- Survival and growth of E. sakazakii in infant cereals using
different reconstitution liquids at different storage temperatures.

Culture preparation:

E. sakazakii strain used in the present study was previously
isolated and identified from the examined dried milk-based baby foods.
The organism was propagated in EE broth at 37°C for 24 h. One ml of
the culture was serially diluted in 0.1% peptone water to attain the
desired inoculum level.

Preparation and inoculation of dried milk-based baby food samples:

Six portions of dried milk-based baby food obtained from Assiut
markets, previously examined and found to be free from E. sakazakii,
were reconstituted with sterile apple juice and sterile water as
recommended by manufactures instructions (50 g of dried milk-based
baby food reconstituted with 150 ml of reconstituted liquid). The
prepared samples were inoculated with enough amount of broth culture
to yield approximately 2 x 10, 2 x 10% and 2 x 10 cfu/ml of E. sakazakii
and control samples were prepared for each treatment, without addition
of the organism. Each sample was divided into 2 equal portions, one was
stored at room temperature (16+£2°C) and the other at refrigeration
temperature (4+1°C) with their control.

Preparation of dried milk-based baby food samples for examination:
Samples were prepared following the procedures described by
American Public Health Association (A.P.H.A., 1992).

Enumeration of E. sakazakii in the inoculated samples:

From the inoculated samples and their control, 10 fold serial
dilutions were prepared using 0.1 % peptone water for determination of
E. sakazakii count, using direct spreading method. Duplicate TSA plates
were inoculated with each dilution by spreading 0.1 ml evenly onto the
surface of each plate with a sterile glass spreading rod. Inoculated plates
were incubated at 30°C for 48-72 h. The cfu/g was calculated and
recorded. Samples and their control stored at room temperature
(16£2°C) were examined for E. sakazakii at 0, 1, 4, 8 and 12 h, while
those stored at refrigerating temperature (4+1°C) were tested every 2, 4,
8 12 and 48 h.
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RESULTS
The obtained results are recorded in Tables 1-5 and Figures 1-5

Table 1: Incidence of E. sakazakii in the examined samples of powdered
milk-based formulae.

. Positive samples
Type of samples No. of examined samples
No. %
Infant milk formulae 70 - -
Milk-based cereal weaning food 90 6 6.7%
Dried milk powder 90 1 1.1%

7%-
6%
5%-
4%-
3%-
2%

N 4

0%

V.

Infant milk Milk-based cereal Dried milk powder
formulae weaning food

Fig. 1: Incidence of E. sakazakii in the examined samples of powdered
milk-based formulae.

Table 2: Survival of E. sakazakii in infant cereal milk-based food using
water as reconstitution liquid and stored at room temperature

(16x2 °C).
Storage time Inoculum 1/g Inoculum 2/g Inoculum 3/g
0 3x10 3x10° 2x10°
1h 1x 10° 4x10° 3x10°
4 h 3x 10 1x10° 4x10°
8h 1x 107 8 x 10° 6 x 10°
12 h *< 100 *< 100 *< 100
* Not detected on the plate (<100), but the organisms could be isolated from the examined
samples.
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Fig. 2: Survival of E. sakazakii in infant cereal milk-based food using
water as reconstitution liquid and stored at room temperature

(16x2 °C).

Table 3: Survival of E. sakazakii in infant cereal milk-based food using
apple juice as reconstitution liquid and stored at room
temperature (162 °C).

Storage time | Inoculum 1/g Inoculum 2/g Inoculum 3/g
0 3x10 3x10° 2x10°
1h *<100 *<100 *<100
4h *<100 *<100 *<100
8h *<100 *<100 *<100
12h ND ND ND
* Not detected on the plate (<100) but could be isolated. ND = E. sakazakii could not be
isolated in 1, 10 and 25 g of infant cereal milk-based food.
—&— Inoculum 1 —=— Incoulum 2 Inoculum 3
1.00E+03
£ 100E+02
1.00E+01
1.00E+00 + A A , I
| 1h 4h 8h 12h

Storage time in hours

Fig. 3: Survival of E. sakazakii in infant cereal milk-based food using
liquid and stored at room

apple juice as reconstitution
temperature (162 °C).
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Table 4: Survival of E. sakazakii in infant cereal milk-based food water
as reconstitution liquid and stored at refrigerated temperature

(4£1°C).
Storage time Inoculum 1/g Inoculum 2/g Inoculum 3/g
0 3x10 3x10° 2x10°
1h *<100 *<100 *<100
4h *<100 *<100 *<100
8h *<100 *<100 *<100
12 h ND ND ND

* Not detected on the plate ( count < 100) but the organisms could be isolated.
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Fig. 4: Survival of E. sakazakii in infant cereal milk-based food using

water as

reconstitution

temperature (4 £1°C).

liguid and stored at refrigerated

Table 5: Survival of E. sakazakii in infant cereal milk-based food apple

juice as reconstitution
temperature (4£1°C).

liquid and stored at refrigerated

Storage time Inoculum 1/g Inoculum 2/g Inoculum 3/g
0 3% 10 3x10° 2x10°
1h *<100 *<100 *<100
4h *<100 *<100 *<100
8h *<100 *<100 *<100
12 h *<100 *<100 *<100

* Could not be detected on the plate (count < 100) but the organisms could be isolated.
ND = E. sakazakii could not be isolated in 1, 10 and 25 g of infant cereal milk-based food.
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Fig. 5: Survival of E. sakazakii in infant cereal milk-based food using
apple juice as reconstitution liquid and stored at refrigerated
temperature (4£1 °C).

DISCUSSION

The results achieved in Table 1 & Fig. 1, indicated that IMF
samples were found to be free from E. sakazakii. However, many
investigators could isolate E. sakazakii from IMF as Postupa and Aldova
(1984); Simmons et al. (1989); Nazarowec-White and Farber (1997a);
Nazarowec-White and Farber (1997c); Van Acker et al. (2001); MMWR
(2002); Leuscher et al. (2004); Baiguini (2005); Jarvis (2005);
Estuningsih et al. (2006); Iversen and Forsythe (2007) and Shaker et al.
(2007). Moreover, higher incidence of E. sakazakii could be detected by
Torres-Chavolla et al. (2007). Also, E. sakazakii could be isolated from
6 (6.7%) of the examined milk-based cereal weaning food samples.
Somewhat similar percentage was obtained by El-Prince et al. (2007)
who could isolate E. sakazakii from 1 out of 30 (3.33%), of examined
dried infant foods samples. While, higher percentages were detected by
Restaino et al. (2006) and Shaker et al. (2007). Moreover, 1 strain
(1.1%) of E. sakazakii was recovered from the examined samples of
dried milk powder, however it failed to be detected as postulated by
El-Prince et al. (2007) and Shaker et al. (2007). While, slightly higher
percentage was estimated by Postupa and Aldova (1984) who could
isolate 4 strains of E. sakazakii from milk powder in Czechoslovakia.
Nazarowec-White and Farber (1997b) stated that microbial pathogens
could gain access to the milk powder from the environment or from the
addition of ingredients at the powder stage.
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According to Commission Regulation (EC) (2005) on the
microbiological criteria for foodstuffs, E. sakazakii is considered a
microorganism of greatest concern in infant formulae and follow-on
formulae. E. sakazakii is included between “safety criteria” and it must
be absent in 10 g of dried infant formulae and dried dietary foods for
special medical purposes intended for infants below 6 months of age
(Conte and Passantino, 2007). The infectious dose can vary according to
the organism's history (stress response factors), host state (healthy or
immunocompromised) and food matrix. Several physiological
characteristics of E. sakazakii appear to play an important role in this
transmission route: (i) it can grow in a broad range of temperatures of
6-45 °C (lversen et al., 2004 a); (ii) it can survive longer than other
Enterobacteriaceae under conditions of dry or osmotic stress, which
might provide a selection pressure in dried milk products (Breeuwer
et al., 2003); (iii) it can efficiently form biofilms on various materials,
including the frequently used polycarbonate material from infant-feeding
bottles (Iversen et al., 2004 b and Lehner and Stephan, 2004); (iv) in
reconstituted infant formula, E. sakazakii seems to be more heat-
resistant than other species of Enterobacteriaceae (Nazarowec-White
and Farber, 1997 b).

Hygiene mismanagement due to incorrect temperature and time
factors as well as due to the contact transmission of microorganisms via
hands, insects, small vertebrates and equipment should be avoided
during production, preparation and storage of food and drink.
E. sakazakii may be associated with food spoilage, but, the detection of
the ubiquitous E. sakazakii in food is not always an indicator for hygiene
mismanagement.

It is obvious from the aforementioned results that milk-based
cereal weaning food samples were the highest in contamination with
E. sakazakii. Its presence in the examined samples probably originated
from factories producing milk powder, cereals, chocolate, potato flour
and pasta as well as in households strongly indicates that the organisms
are widespread. Also, the high tolerance of E. sakazakii to desiccation
provides a competitive advantage in dry environments thereby increases
the risk of post-pasteurization contamination of the finished product
(Breeuwer et al., 2003 and Kandhai et al., 2004 a).

The survival of E. sakazakii in infant cereal milk-based food
using water as reconstitution liquid and stored at room temperature
(162 °C) was recorded in Table 2 & Fig.2. It is evident by using 3
different inoculums (3 x 10, 3 x 10? and 2 x 10°) that, the numbers of
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E. sakazakii increased to 1 x 10%, 4 x 10% and 3 x 10° cfu/g after 1 h of
inoculation and reach the peak after 4 h to be 3 x 10*, 1 x 10° and 4 x 10°
cfu/ g, respectively. The organisms began to decline rapidly after 8 h to
reach 1 x 10% 8 x 10% 6 x 10° cfu / g, respectively, then reached to
undetectable numbers after 12 h of storage (<100/g). However, it was
detected by enrichment of one g of each treatment. From the previous
results, it is clear that E. sakazakii initially at very low populations can
rapidly grow in infant cereal reconstituted with water. These results are
harmony with those obtained by Richards et al. (2005), Gurtler and
Beuchat (2007) and Lin and Beuchat (2007).

From the data recorded in Table 3 & Fig. 3, it is apparent that
E. sakazakii failed to be counted (<100) in the 3 different inoculated
samples after one hour of inoculation when apple juice was used as a
reconstituted liquid stored at room temperature (16+2 °C). After 12 h, E.
sakazakii could not be isolated from 1, 10, 25 g of examined samples
using E E broth. Absence of E. sakazakii in examined samples
reconstituted with apple juice coincided with decreases in pH and an
increase in the population of lactic acid bacteria. These results go
parallel with the findings obtained by Weir (2002), Richards et al.
(2005) and Lin and Beuchat (2007).

On the other hand, E.sakazakii did not grow in infant cereal
milk-based food reconstituted either with water or apple juice and stored
at 41 °C. E.sakazakii failed to be detectable in both water and apple
juice reconstituted samples after 2 h of storage and thereafter. However,
the organisms could be isolated by enrichment procedures from water
reconstituted samples after 4, 8 and 12 h and failed to be isolated from 1,
10 and 25 g after 12 h of storage in apple juice reconstituted samples
(Tables 4 & 5 and Fig. 4 & 5). Our results were in accordance with those
obtained by Farmer et al. (1980), Iversen et al. (2004 b), Richards et al.
(2005), Gurtler and Beuchat (2007) and Lin and Beuchat (2007).

E.sakazakii is a pathogen of great concern to food industry,
especially in foods normally stored under refrigeration conditions, unlike
most food borne pathogens; it is able to multiply at refrigerator
temperature (6°C). These findings confirm the importance of proper
refrigeration, consequently, refrigeration should not be relied upon as the
sole method for control of E. sakazakii, but should be incorporated with
other means of preservation. Simmons et al. (1989) recommended the
using of refrigeration and limiting the hang time to prevent or retard the
growth of E. sakazakii. Nazarowec-White and Farber (1997a) found that
E. sakazakii did not grow at 4°C and began to die off during storage at
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this temperature and warned improper preparation and storage of
reconstituted dried infant formulae at ambient temperature. Moreover,
trained personnel should prepare dried milk-based products under
aseptic techniques and conditions in a designated area following the
manufacturer’s instructions. The composition of infant cereals did not
markedly affect the survival or growth of E. sakazakii in reconstituted
cereals (Lin and Beuchat, 2007).

It is clear from the present study that reconstituted infant cereal
can support luxuriant growth of E. sakazakii and when it is not
immediately consumed should be discarded or stored at a temperature at
which it cannot grow for only 24 h. Also, the reconstituted infant cereals
stored at 30 °C should be discarded within 1 h after preparation.
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